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Editors 


AN ARRESTING picture which appeared in one of 
; the popular magazines recently (Saturday Even- 
ing Post, December 4, page 16) strongly suggests some 
} of our educational problems, present and future. 

| A vocational-school class, of four men and seven 
' women between youth and middle age, is gathered 
) around a blackboard. The instructor, a mere slip of a 
girl, is in the center, explaining a somewhat compli- 
cated diagram of a ‘“‘Half-Wave Rectifier . . . with Filter 
System.” Judging by the complacent and unworried 
jis wel her explanation is either going extraordi- 
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narily well or is making no impression whatever. 

)The aroma of comfort and satisfaction pervades the 
Ogroup. The principal figure, next to the instructor, 
‘smiles benignly at the blackboard: ‘‘Well, what do 
jyou know about that!’ The youngest girl, with pencil 
poised, seems to be wondering why those lines are so 
wiggly. The caption informs us: ‘From the class 
above will come radio instructors for the Army.” 
'+God forbid. ; 
‘| Of course, allowances must be made for the presence 
of the photographer. Perhaps, in his absence, the 
Wclass really does know the how’s and why’s of a half- 
‘wave rectifier—but I doubt it. Maybe these people 
‘can be taught the theory of the vacuum tube and the 
‘}function of inductance and capacitance in an electric 
‘circuit. But anyone who has taught this kind of a 
\jclass knows that a 2 per cent over-all teaching efficiency 
jis a good record. If one Army radio instructor is to 
‘jcome out of this group the safest bet appears to be the 
young man whose back is to the reader and whose 
Jexpression cannot be seen. 

All this is not meant to discourage us from trying to 
do an educational job which is difficult, if not impos- 
‘sible. We must, of course, make the best use of avail- 
Jable facilities. War conditions make it necessary to 
‘train whomsoever may be available to do the jobs that 
nust be done. If the training is imperfect, because of 
tthe limitations of the trainer or trainees, we must 
Nevertheless make the best of it—as we are doing in all 
Mields of war production. The Civil Service, for ex- 
“ample, is certifying as a ‘‘chemist”’ almost anyone with a 
‘ear or two of college training in the science, simply 
because nothing better can be found. 

) The Vocational Training forces of the public schools, 
nder Federal supervision, have been rendering an ex- 
ellent service in training millions of workers to do 
particular jobs; so has the ESMWT organization at the 




























Outlook 


somewhat higher, collegiate level. Methods used have 
sometimes been unorthodox, but results indicate 
that they are fulfilling their purpose. Now we are 
wondering how much of this can be carried over into 
the postwar period. 

Judged by normal standards we may have been try- 
ing to teach too many people too much. Offer any 
amount of training in skills to anyone who can absorb 
it, certainly. But let us not imply that a professional 
education can be had by any of the convenient short 
cuts. Much has been made of the difference between 
training and education. The distinction is clear, and 
the future will see it made more and more clearly. 

Every one of our professions is rapidly becoming 
more complicated, and it is increasingly difficult for 
anyone to become a “general practitioner.” Eventu- 
ally, there will be few men whose ability, training, and 
experience will qualify them to occupy the top posi- 
tions in a profession such as that of chemistry. But 
there will be many opportunities at more specialized 
levels; below these will be still other levels at which 
the training requirements will be more limited, down 
to the ‘technicians’ or ‘‘aides,’’ who, according to 
present standards are the sub-professionals. 

In the professional fields, as in the larger social 
world, we will see the organization of larger groups, 
working on common problems and for the common 
good, while recognizing the authority of ability and 
experience. In the distribution of labor, horizontal 
lines will be more important than vertical. The pro- 
fessional, as well as the social problem of the future is 
to learn to share responsibility laterally as well as 
above and below, in spite of one’s natural desiré for 
complete freedom and autonomy in his own circle. 

Our educational system must fit people to enter 
such an organization at whatever level their indivi- 
dual capacities permit. The present machinery of 
our graduate and undergraduate schools will doubtless 
adapt itself to this function at the higher levels, but we 
still lack adequate provision for sub-professional 
training, and it is here that an enormous expansion 
will probably occur. We are not yet fully awakened 
to the possibilities of semiprofessionally educated 
workers, who can be trained to do many of the jobs 
now performed by those capable of something more 
original or creative. It is here that some of the war- 
time educational machinery and methods may be very 
useful. 
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CCORDING to the Gallup poll, 45 per cent of adult Ameri- 
cans use no citrus fruits, tomatoes, or juices in their daily 
dietary; 38 per cent use no eggs; 34 per cent use no cheese or 
milk; 25 per cent use no green leaf or yellow vegetables; 12 per 
cent use no fish, poultry, or meat; 8 per cent use no fruit or pota- 
toes; and 3 per cent use no enriched bread or whole grain cereal. 
The per capita consumption of sugar in the United States in- 


_ creased from 8.8 pounds in 1793 to 118 pounds in 1943. 


By a low-temperature dehydration of sugar extracts, similar 
to that used in the dehydration of blood serum, a creamy, sweet- 
tasting vitamin and mineral-rich product is obtained which 
has a tartness similar to that of very sweet orange juice. This 
sugar has a mineral content of about 31/2 per cent and contains 
vitamins, A, B complex, C, and K. 

Powdered liver is now produced through liquefaction by treat- 
ment with papain and subsequent dehydration in a vacuum spray 
dryer. This product may be preserved indefinitely without 
refrigeration. The water may be restored as desired, or the 
powder may be used for seasoning other foods. 

Food fortified with Delsterol, to provide adequate amounts 
of vitamin D, has practically doubled the hatchability of eggs. 

The annual capacity of the United States for the production 
of aluminum is rated at 1,000,000 tons and that for magnesium 
is placed at 300,000 tons. 

This year approximately 640,000,000 gallons of alcohol will 
be used in the production of butadiene, mustard gas, smokeless 
powder, and other war materials. 

The first crop of guayule rubber has been harvested from 550 


acres near Salinas, California, and has yielded about 600 tons of ’ 


milled rubber. The program calls for planting as much as 500,- 
000 acres of guayule. 

A new thermosetting plastic, which may be made from corn 
stalks and other fibrous material, has been developed at the 
Northern Regional Laboratory. This is a lignin plastic with 
properties similar to those of the phenol-formaldehyde group. 

A plant for the production of cloth from seaweed is reported 
to be in operation at Jatren, Norway. 

Triethylene glycol vapor has been shown to be an effective 
means of killing bacteria in the sterilization of a room. 

The chemical seasoning of wood by the use of 40 to 100 pounds 


the last world war. 


trucks, tractors, bulldozers, gasoline, and oil. 


each mechanized division was on the move. 


high octane gas to operate 45,000 car clubs for a year. 


same reason. 


behind for the same reason. 
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of urea per thousand board feet, according to preliminary tests, 
is good assurance against the growth of wood-rotting fungi. 

Loofah sponges are of particular importance because they 
will absorb oil selectively in the presence of water. 

It is predicted that in the postwar era, superfuel will be available 
that will give 40 miles per gallon at a price competitive with the 
current price for ordinary gasoline. 

Thiourea and thiouracil have both been used effectively in the 
treatment of goiter, probably because of their inhibition of the 
activity of the thyroid gland. 

During 1943 more than 5,000,000 tons of farm products were 
dehydrated and reduced to approximately one-tenth of their 
former weight, thus conserving appreciably on shipping space. 

The Hollanders are not rationing coffee. Instead they grind 
























































































up roasted tulip bulbs for their percolators. be « 
Since March of 1942, chemists at Cornell University, working 
on a project sponsored by B. F. Goodrich, have tested 2000 can 
plants as possible producers of rubber, but none to date can bac 
compete with the Russian dandelion. exa 
Three types of de-icing paints are now in use. One containsf) Ar 
a low-freezing, free-flowing oil which prevents adhesion of the 7 
ice to the plane; another contains water-soluble salts which 
dissolve in the ice and cause it to melt; and the third has electri- two 
cal conducting properties so that the paint film may be heated) stat 
electrically at will. traf 
Preliminary experiments indicate that soap is a useful in- cre: 
gredient in cement mixes for highway construction, because it 
tends to inhibit scaling when salt is added to remove ice. ord 
During the siege of Leningrad, a decoction made from pinep, MUI 
ves played an important role in providing the inhabitants}, of e 
with vitamin C and thus prevented a plague of scurvy. pers 
Tomato plants, when treated with naphthoxyacetic acid vapors hav 
before the flowers open, are induced to produce seedless tomatoes, e 
Twenty thousand miles of a new synthetic textile filamentfj V!T0 
weigh only a pound, only one-eighth the weight of the finest silkf} proj 
filament. chet 
The fatality rate in the armed forces up to 1943 was only be 1 
about 4 per cent, compared to 7.7 per cent for World War I. 
This marked reduction is attributed to the use of the sulfa drugs), ST! 
blood plasma, and new anesthetics. Ep. F. DEGERING A 
edu 
upo! 
whe 
In the first 12 months of the war, the quantity of petroleum and petroleum prod- — 
ucts sent to our troops was more than 80 times that shipped in the first 12 months of the and 
Instead of horses, mules, and forage, our armed forces now use ie 
10n 
In Tunisia, for example, 18,000 gallons of gasoline were consumed for every hour the 
nam 
On a very active day in North Africa, the Allied Air Forces alone required 1,500,000 syste 
gallons of high octane gasoline. In one such day, these air forces consumed enough six g 
A single mechanized division re- the | 
quired enough gasoline to run 52 average car clubs for a year. othe: 
So important is the transport of gasoline—the life blood of motorized warfare— 
that on occasion, as, for example, for use in Labrador, the tank trucks have been cut in —— 
halves, flown out of this country, and welded together again at their destination. Unit 
Wherever U. S. troops go, supply forces, trucks, and gasoline can be counted on to cour, 
do a job. Still, military aircraft have sometimes not only been forced down because perio 
they have run out of gas, but on the other hand, have been unable to take off for the versi 
Tanks have been abandoned after unsuccessful attempts have been tries, 
made to obtain fuel from other vehicles; jeeps and valuable armaments have been left signi 
unive 
As bases are taken over from the enemy, and new bases are built, the spread of degre 
gasoline supplies must be greater to avoid unnecessary risks occasioned by lack of re- ant 
fueling points, and gasoline must be available in as many places and in as great a reserve gr Ek 


as possible. 







Chemical Education in Argentina 


J. A. SHELLENBERGER 


Corporacion para la Promocion del Intercambio, S. A., Buenos Aires, Argentina 


HERE is now a revival of interest and a more 

sincere and sympathetic desire on the part of the 
peoples of both the North and South American conti- 
nents to achieve mutual appreciation. In recognition 
of the importance which education assumes in the 
promulgation of Inter-American collaboration, it may 
be opportune to present for the benefit of North Ameri- 
can educators a brief description of the educational 
background of students of chemistry in Argentina as an 
example of the scientific training offered in Latin- 
American schools. 

The value of an interchange of students between the 
two Americas, as a means of creating better under- 
standing, is now thoroughly recognized. Student 
traffic between North and South America has in- 
creased greatly in the past few years. However, in 
order that students from abroad may receive the maxi- 
mum benefit from a usually brief sojourn in the realms 
of education in a foreign land, it is desirable that those 
persons responsible for arranging the courses of study 
have full knowledge of the students’ educational en- 
vironment. The present discussion is an effort to 
propagandize the technical educational background of 
chemistry students of Argentina in order that they may 
be understandingly assisted in arranging study pro- 
grams in the universities of the United States. 

Argentina is generally accredited with the best 
educational system in Latin America. The evidence 
upon which this contention is based is quite convincing 
when the extent of illiteracy, education appropriations, 
number of educators per capita, availability of libraries, 
and other educational facilities are compared with 
other Latin-American countries. The basic organiza- 
tion of education in Argentina is very similar to that of 
the United States. It is comprised of three units, 
namely, elementary, secondary, and university. The 
system differs in that the elementary unit consists of 
six grades (Grade 1 occupies two years) in contrast to 
the eight-year unit in the United States but, on the 
other hand, the secondary units include five grades 
compared with the four-year high-school course in the 
United States. The usual Argentinian university 
course requires five years; consequently, the total 
period of education from the first grade through uni- 
versity consumes the same length of time in both coun- 
tries, and the age groups correspond very closely. One 
significant difference is that in the United States the 
university graduate receives the Bachelor of Science 
degree, while in Argentina the Doctor’s degree is 
granted. 

Elementary education is very extensive in Argentina, 
and even in remote sections of the country the schools 


form an integral part of the community. [Illiteracy is 
reported to be comparatively low for the country as a 
whole. Probably the most serious weakness in the 
educational system is the scarcity of secondary schools. 
In many sizable communities there is no opportunity 
for children to continue their education beyond the 
sixth grade. In the grades there is frequent segregation 
of the sexes. Both boys and girls wear white smocks 
in the classrooms, and good discipline is usually main- 
tained in the classes by the instructors. Although 
Roman Catholicism is the “‘official’’ religion of Argen- 
tina, there are few parochial schools at the primary 
level in the country, and the teaching of religion in the 
public schools was abolished many years ago. There 
is usually reasonable opportunity for freedom of reli- 
gion and freedom of thought in the educational insti- 
tutions. 

There are six different kinds of secondary schools in 
Argentina, namely, national colleges, normal schools, 
commercial schools, industrial schools, agricultural 
schools, and trade schools. Only graduates of the first 
four classes of secondary schools are eligible to enter a 
university. The agricultural and trade school curricu- 
lums are entirely practical, and no attempt is made to 
prepare students for additional education. Because 
Argentina’s racial make-up, culture, religion, and trade 
are closely tied to Europe, it is only natural that her 
school system should reflect similar influences. How- 
ever, instruction in the schools is considered to be only 
mediocre. The criticism frequently made is that in- 
struction consists of the memorization of assorted in- 
formation by the students, without sufficient effort 
being made by the teaching staffs to relate the subjects 
or to emphasize applications. One difficulty is that too 
many subjects are taught. Probably the most un- 
fortunate feature of secondary education in Argentina 
is the evident lack of inspirational teaching. The lack 
of stimulation of student curiosity during secondary 
education can be held accountable for the reluctance 
with which university students choose scientific careers. 
The student is apparently seldom infused with a desire 
to engage actively in creative scientific work. 

In the college preparatory secondary schools (cole- 
gios nacionales), the curriculum includes courses in in- 
organic and organic chemistry. Two or three hours per 
week for two years are devoted to these subjects. 
Chemistry is also taught in industrial secondary schools. 
The textbooks used are a standardized type for elemen- 
tary chemistry, and supplementary material is seldom 
given out. Laboratory experiments, if any, are nearly 
always conducted by the instructor while the students 
merely watch. 














Such is the chemical educational background of the 
students before they enter the university. 





ADMINISTRATION BUILDING OF THE UNIVERSIDAD NACIONAL 
DEL LITORAL, LOCATED IN 1Hz CITY OF SANTA F&. Tus UNI- 
VERSITY MAINTAINS SOME OF ITS FACULTIES IN ROSARIO, AND 
RECENTLY Has ORGANIZED BRANCHES IN THE CITIES OF PARANA 
AND CORRIENTES. 


F There are_six universities in Argentina, and five of 
these grant degrees to students who have specialized in 
chemistry. (The Universidad Nacional de Cuyo, 
located in Mendoza, was only organized in 1939 and 
has therefore not as yet had time to grant degrees.) 
Permission to enrol in a university is based upon evi- 
dence that the secondary educational unit has been 
completed. For example, the National Colleges issue a 
National Bachelor degree which is acceptable for uni- 
versity entrance. Some university departments con- 
duct entrance examinations to obtain a more uniformly 
trained student body and to restrict enrollement. The 
entering students register for the same chemistry 
courses regardless of their secondary school training 
in science. 

Chemistry curriculums of the universities are prac- 
tically identical with those offered by North American 
universities and colleges. There is the customary divi- 
sion of the chemistry courses among the science, en- 
gineering, and medical faculties. It is difficult to 
generalize regarding the requirements for graduation in 
the various universities. However, the following pro- 
gram gives a rough indication of the curriculum for 
chemistry majors. Obviously, the ratio of lecture to 
laboratory work is subject to considerable variation in 
the different institutions. 

Students have no opportunity to choose electives, 
consequently the specialized chemical courses taken 
during the fourth and fifth years will depend upon the 
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Samp.e Course or Stupy ror CHEMISTRY Majors 
(Only courses in mathematics, physics, and chemistry are listed in this 


outline.) 
‘ Hours per Week 
First Year Lecture Laboratory 
Introduction to chemistry (inorganic) 6 8 
Mathematics 5 
Second Year 
Qualitative analysis 3 6 
Organic chemistry (aliphatic compounds) 3 9 
Mathematics 5 
Physics 3 3 
Third Year 
Quantitative analysis 3 6 
Organic chemistry (cyclic compounds) 3 9 
Physics 3 3 
Fourth Year 
Industrial chemistry 3 6 
Physical chemistry 3 6 
Physics 3 3 
Fifth Year 


Industrial chemistry 
Electrochemistry 
Thermodynamics 

Food chemistry 
Industrial microbiology 
Toxicology 

Biological analysis 
Biochemistry 

Thesis 


curriculum selected. The group of subjects listed 
for the fifth year is representative of the courses of- 
fered by the various universities. The students enrol 
for only those subjects which are required. The thesis 
work is frequently concluded after the fifth year. 

As previously mentioned, the customary period of 
university training is five years, although for chemical 


engineering the period is sometimes six years, while in | 


agriculture it may be four. However, the school year 
in Argentina consists of only 22 to 24 weeks. When 
comparing the length of study by years, it is necessary 
to remember that the four-year university term in the 
United States represents approximately the equivalent 
of Argentina’s five-year period. 


Chemistry is taught by the lecture system. The f 
contacts between the professors and students are more ff 
formal and even less frequent than are similar relation- [ 
Generally, specific text- [ 
books or sets of mimeographed notes are recommended [ 


ships in the United States. 


for each course. There are many good chemistry text- 
books in the Spanish language. Some of them are 
translations from standard works in other languages, 


usually either German or English, while others have 


been written by members of the faculties of Argentinian 
universities. Because of the limited sale possibilities, 
there are difficulties in keeping textbooks up to date, 
but this disadvantage is counteracted to some extent 
by the linguistic ability of most of the students of the 
country. They are able to read in other languages 
supplementary material which is made available in the 
libraries, and some of the better students avail them- 
selves of this privilege. However, the average student 
seldom studies anything except his “‘apunte’’ which is 
the examination prompt-book. 

The habit of skipping lectures is very prevalent in the 
universities. Since neither examinations nor quizzes 
are given, except at the end of the term, the students 
know that there will be no damaging record of their ab- 
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sences. They also realize that in most cases their pro- 
fessors do not have sufficient industrial contacts or 
research experience to incorporate into the lectures bits 
of chemical knowledge not to be found by reading a set 
assignment. 

Laboratory instruction in chemistry is decidedly 
) weak in the universities. The reasons for this situa- 
tion may not be entirely evident, but contributing 
causes are the deficiency of funds for the maintenance of 
laboratories and the lack of opportunity for employ- 
/ ment in a laboratory after graduation. These two 
| reasons alone are sufficient to cause the lack of empha- 
| sis on laboratory instruction. Most of the laboratories 
are woefully deficient in chemical equipment, but even 
the equipment available is seldom used to the fullest 
| extent. Except during the regular class periods, the 
' laboratories are nearly always deserted, and even during 
| a class period, one observes but little of the activity 
| which characterizes a university laboratory in the 
' United States where many students are simultaneously 
and independently setting up their own experiments 
for which they will be held responsible. Even in the 
laboratory, the students are immaculately dressed. 
Chemistry is definitely taught as a ‘white-collar’ 
occupation. White smocks are worn, and it is ap- 
parently unethical for students to remove their coats, 
) vests, or neckties, or to roll up their sleeves and really 
| go to work on an experiment. Most experiments are 
' conducted in groups of two or more students, and not 
infrequently one experiment is ‘‘observed” by the entire 
class. Laboratory notebooks are usually maintained 
in very good order. 

To complete any chemistry course, a final oral exami- 
nation must be passed. Examinations are held only 
at stated periods which are made known to the students 
| in advance. The oral examination system is used to 
cover both lecture and laboratory work, although gen- 
| erally the student is permitted or even instructed to 
| make use of the blackboard for writing equations, re- 
| actions, formulas, or for making sketches of apparatus 
| or industrial flow sheets. 

The examination questions are either published or 
| mimeographed for distribution to the students in ad- 
| vance of the examination date. The system of giving 
| students a list of the examination questions is unique 
according to North American customs, but in practice 
the system is much less helpful than it appears on first 
thought. The questions are so general and extensive 
that they serve only as study guides. The following 
question chosen at random from a typical examination 
list of 25 questions on elementary organic chemistry 
will serve as an example. 

Primary, secondary, and tertiary alcohols: Occurrence, modes 
of formation, and synthesis. Isomerism and nomenclature. 
Physical and chemical properties. Oxidation, esterification, 
alcoholates. Principles of alcoholic fermentation. Newberg’s 
theory. Alcoholic beverages and denatured alcohol. Industrial 
use of ethyl alcohol. Properties of propyl, butyl, and amyl 
alcohols. Optical activity. Le Bel’s and Van’t Hoff’s theories. 
Vinyl and allyl alcohols. Properties of the terpenes, citronellol, 
citral, linalool, and propargyl alcohol. 
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The actual process of conducting the examinations 
will vary in the different institutions and even within 
the same institution, but generally from two to four 
professors serve as an examining committee. Ina large 
class it requires several days to complete an examina- 
tion, and many students spend considerable time wait- 
ing for their turn. The examinations are open to any- 
one who wishes to be present, and not infrequently a 
student will find even a large lecture room completely 
occupied by a none too orderly audience. 

When a name is called, the student reports to the 
examination committee and by means of a “‘bolillero,”’ 
or lottery, two numbers are obtained by chance. The 
numbers thus selected correspond to the general ques- 
tions on the examination list, such as the example pre- 
viously cited, but since the student will be examined on 
only one question a few minutes of study are permitted 
before a choice of questions is demanded by the com- 
mittee. The examination based on the question se- 
lected will generally last from 10 to 30 minutes. The 
committee does not usually indicate whether the stu- 
dent has passed or failed at the termination of the 
questioning, but, of course, in most cases the result is 
obvious. 

There are, no doubt, advantages to the system of oral 
examinations. Probably the most valuable potential 
feature of this system is that the students could be made 
to think ‘‘on their feet.”” Actually, as most of the ex- 
aminations are conducted, the students are primed to 
repeat by heart what they have memorized. Also, 
there is a certain amount of dignity and opportunity for 
showmanship under this system which both professors 
and students appear to enjoy. The oral examination 
procedure is flexible enough to permit many approaches 
to each question, and it offers a fair opportunity to test 
each student’s knowledge of the subject. The training 
received through years of experience with oral examina- 
tions is no doubt largely responsible for the ease with 
which public addresses are made without the embarass- 
ment characteristic of similar efforts in the United 
States. Personality, appearance, and speech are 
definite attributes that are not entirely disregarded in 
the examination system. 

There are, of course, many disadvantages to the oral 
examination system, one of the principal ones being the 
length of time required to complete an examination if 
the class islarge. Another drawback is the opportunity 
it affords for vague and indefinite answers to questions. 
The system encourages conversation at the expense of 
accuracy of expression. Frequent written examina- 
tions must certainly provide a better means of deter- 
mining the student’s mastery of chemistry than a few 
minutes of oral quizzing. Also, written answers to 
questions can be graded impartially on a strictly com- 
parative basis without consideration of superficial in- 
fluence. It is impossible to accomplish this with oral 
examinations for the reason that each situation is dif- 
ferent. 

Before granting a degree, some of the institutions re- 
quire the presentation of a thesis which is generally 
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based on laboratory experimentation but not neces- 
sarily on research. Occasionally a good thesis is turned 
out, but most of the manuscripts indicate a lack of both 
scientific maturity and editing. The subjects of the 
theses chosen favor theoretical considerations, which 
leads one to conclude that apparently there still remain 
in Argentina’s educational system remnants of the old 
classical idea that qualification for scholarship neces- 
sarily implies divorcement from utilitarian reasoning. 

Graduate chemists receive either the degree of 
Doctor en Quimica (Doctor of Chemistry) or Ingeniero 
Quimica (Chemical Engineer), depending upon the 
custom of the university. Since no graduate work is 
offered in the universities, there are no degrees offered 
in recognition of advance study or research. There 
is nothing in the educational system which corresponds 
to the requirements for the M.S. or Ph.D. degrees. 
Graduates of the universities have had theoretical 
training more or less equivalent to the requirements for 
the Master of Science degree, but from the standoint of 
laboratory proficiency, they would not be permitted to 
graduate with a Bachelor’s degree. The Doctor en 
Quimica degree should not be confused with the Doctor 
of Philosophy degree which is conferred in other parts of 


the world to students upon the production of.mature. 


scholarly works of real value. The title “doctor” is 
very commonplace in Argentina, and technically trained 
persons usually prefer to be known as “‘ingenieros.” 

An unusual feature of the education system of Ar- 
gentina is the most total nonexistence of student inter- 
change between various universities. The institutions 
make no effort to evaluate the courses offered by other 
schools, and students seldom transfer from one univer- 
sity to another. Neither the professors nor the 
students are well informed regarding chemical educa- 
tion in the country as a whole. Students have an in- 
clination, just as in the United States, to regard the 
caliber of the work at the school in which they are ma- 
triculated as superior to that offered elsewhere. 

In Argentina education has a decided tendency to be 
superficial. As a mark of education it is far more im- 
portant that a person have the ability to discuss, 
in a general way, a wide assortment of topics than it is 
to know enough about one subject to be able to put it 
to use. Consequently, the student is required to study 
many different subjects, and not infrequently finishes 
his university career with a very good education. But, 
on the other hand, it is possible for the average student, 
due to the lax and indifferent educational system, to 
pass through the entire gantlet of instruction without 
having had to do more than memorize a rather limited 
amount of knowledge sufficiently well to be able to re- 
peat it to his professors in a parrot-like manner. Dis- 
cussions and criticisms of controversial topics are not 
encouraged. 

Although Argentina spends more on education than 
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any other Latin-American country, the universities 
are handicapped by lack of funds and poor administra- 
tion. Budgets for equipment, supplies, and mainte- 
nance are inadequate, and philanthropic families of 
neither wealth nor industry are willing to bestow 
benevolence on the universities. Moreover it is doubt- 
ful if, under the prevailing university administration 
systems, grants of funds would be fundamentally help- 
ful. Funds would probably be used entirely to expand 
the university rather than to improve scholarship or 
scientific research. 

University salaries are low, and only a few professors 
attempt to live entirely on their university earnings. 
It is usually necessary for them to divide their efforts 
between the universities and some other occupation. 
This situation is basically unfair to the students, the 
reputation of the university, and the professors. In- 
structors seldom have time available for consultations 
with students, nor do they have time to conduct re- 
search or otherwise pursue scholarly activities. The 
higher educational system in Argentina is fundamen- 
tally wrong, but it tends to be self-perpetuated because 
almost all the professors are themselves products of the 
system, and therefore they do not realize fully the | 
limitations of the present organization. Because of 
potential or active political influences, unattractive 
salaries, and slight opportunity for research, positions in 
the universities are not sought by foreign educators, and 


too few Argentinian professors have had an oppor- | 1 


tunity to study outside the country. Of those who 
have studied in foreign countries, few have remained a 
sufficient time to fulfill the requirements for a degree. 
This is unfortunate because the most important concept 
that can be returned to the chemical education of 
Argentina is a full realization of the importance of 
teaching chemistry as a creative science, a science which 
must be applied in order to be useful. Knowledge of 
the contributions of the world’s outstanding chemists 
and the memorization of formulas, reactions, and 
properties of compounds are essential parts of the edu- | 
cational preparation of a chemist, but the utility of 
this acquired information is achieved only when a 
chemist goes to work; this usually means with his hands — 
as well as with his head. Technical education in Ar- 
gentina is prone to teach students to think as chemists, 
but it fails to teach the merits of being able to work as 
chemists. 

Education has been defined as the enrichment of the 
mind and the enlargement of vision. If this definition 
is accepted, then chemical education in Argentina is on 
a rather high plane. However, training must be con- 
sidered as an indispensable counterpart of chemical 
education, because education without training is in- 
strumental in keeping knowledge out of circulation. In 
Argentina chemical education is fairly satisfactory, but 
chemical training is poor. 


Production of synthetic rubber is rolling along in high gear—but that doesn’t 
mean that everyone who wants one is going to get the tires needed to keep highway 


transportation functioning at normal. 





Martin Hans Boyé, Chemist, 1812—1909 


EDGAR FAHS SMITH 


OME years ago, probably in 1906, at one of the 
larger social functions of the American Philosophi- 

cal Society, the subject of this sketch presented him- 
self; and, although 94 years old, entered heartily 
into the spirit of the occasion, speaking briefly, upon 
call, to the vast audience, but more intimately to a 
group of men who cultivated chemistry. At the mo- 
ment, none of those intimate auditors fully appreciated 
the eminence of their aged and unique colleague, or 
were acquainted with his distinguished services to 
chemistry in America. But, as generally occurs, there 
' was gradually unfolded before them his life story. It 
) ran as follows. 
It was December 6, 1812, that Boyé came into the 
} world, at Copenhagen, Denmark. In that city he 
) grew up, attending in due course its University and its 
Polytechnic School, in both of which he attained dis- 
» tinction in all his studies, but it was in the latter where 

he met with and enjoyed the tuition of Oersted, Zeise, 
and Forchhammer, finally graduating with honors in 
1835. His father was a chemist, superintending the 
) works of the Royal Porcelain Manufactory in Copen- 
) hagen; and this may have had its influence upon him 
) in the choice of chemistry as his particular science, 
) although it is also quite probable that the enthusiasm 
= of Forchhammer, a superb teacher, figured largely 
) in the final decision of Boyé as to his profession. It 
= will be recalled that Forchhammer was the first person 
) (1820) to recognize that the acids of manganese in the 
green and purple chameleon were different. And 
») Zeise, too, had discovered the xanthates and mercaptan, 
) so that these and other notable achievements of the 
| masters inspired the eager pupil to turn his thoughts 
Sand efforts to investigation, and, as a near relative 
) wrote— 
) His object, in coming to America, was to obtain an open field for 
) research along his chosen line— 
} hence, at the age of 24 (1836) he arrived in New York. 
» How he occupied himself there is not recorded, but 
} in 1837 he went to Philadelphia, where he heard the 
lectures of Robert Hare; and indeed, assisted him in 
his laboratory. This was fortunate for it gave him 
opportunity to come early in close relations with that 
distinguished scientific family of Rogers, a group which 
assisted greatly in laying the foundations of scientific 
research in many fields. A perfectly delightful ap- 
preciation of this remarkable family was made by 
Dr. W.S. W. Ruschenberger before the American Philo- 
sophical Society, November 6, 1885. It is one of those 
gems with which American chemists ought to be 
familiar. 

But, to return to young Boyé. In 1838 he could 
have been met scouring, as a geologist, the South 
Mountain or Lehigh Hills, a continuation of the Jersey 
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MartTIN Hans Boye, 1812-1909 


Highlands, extending from Easton to Reading, Penn- 
sylvania, across the counties of Northampton, Lehigh, 
and Berks, while in moments of rest or leisure, he was 
occupied in the preparation of a map of the region he 
had traversed. The beauty of the surrounding country 
impressed him very deeply, as it did others in later 
years who followed, practically, his trail; but, on 
slightly diverting from it, were astonished to discover 
superb crystals of corundum, zircon, pyrolusite, tour- 
maline, allanite, and many other choice mineralogical 
treasures. Did Boyé, perhaps, peer down into the 
Saucon Valley nearby Bethlehem, and suspect the 
presence of its wonderful zinc blende and calamine beds, 
underlying little Friedensville? Hardly! That de- 
velopment came later. And Boyé had other problems, 
for he was assistant geologist and chemist in the first 
geological survey under Henry Darwin Rogers, with 
whom he toured the anthracite coal regions for pur- 
poses of investigation. 

Rogers, at this time, held the chair of Geology and 
Mineralogy in the University of Pennsylvania, where 
he served for a period of 11 years, resigning in 1846 
to assume, some years later, a similar chair in the 
University of Glasgow. 

In his first report (1836) Rogers wrote— 


Often have your geologists been called on to deplore the in- 
fatuation which causes to be neglected, in many, many neigh- 
borhoods, abundant treasures of iron ore, lime, and other mate- 
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rials, fitted to foster a wholesome industry, for the feverish and 
illusive search after the precious metals. 


Rogers was most appreciative of Boyé’s analytical 
acumen in connection with the analysis of magnetic 
iron ore, belonging to the range of hills south of the 
Lehigh. In the third report, advising the Governor 
of the State of the personnel of his geological and 
chemical staff, Rogers mentions that his two chemical 
assistants were 


Dr. Robert E. Rogers (a brother), appointed under the first Act, 
and Martin Borje, under the late one. 


but, ever after he speaks of Martin Hans Boyé; prob- 
ably this was all due to not knowing intimately his 
Danish associate from whom he subsequently received 
so much valuable aid, as appears evident from the 
statement that these 


researches are conducted by Dr. Robert E. Rogers and Mr. Martin 
H. Boyé, whose successful performance of their difficult and en- 
grossing duties has already redounded much to the usefulness 
of the survey. By these chemical labors, the exact composition 


of every mineral of any importance in the State will be ascer- 
tained. 


Much discussion was held. by this staff on the true 
limestones and magnesian limestones, analyzed by 
them, and Rogers continued— 


The valuable property of magnesian limestones of making a 
cement which hardens under water was first hinted at by M. 
Vicat, of France, but its dependence on the magnesia was not 
shown until the analysis and experiments of my brother (W. B. 
Rogers, founder and first President of Massachusetts Institute of 
Technology) conclusively established the fact. 


Boyé’s wide experience in mineralogical chemical 
work was further supplemented by that of the years 
1839 and 1840, when he was associated with Robert E. 
and James B. Rogers, and when in discussing the 
several methods in use for the quantitative separation 
of calcium from magnesium, he showed that the best 
procedure consisted in adding to their solution dilute 
sulfuric acid in excess, followed by 40 to 41 per cent 
of alcohol (estimated by volume). This scheme seems 
to have originated with him and he was enthusiastic 
as to its merits [J. Franklin Inst. (new series), 25, 
159 (1840)]. 

It was a congenial group of chemists. Eager, 
alert, they pushed their studies along purely analytical 
lines; yet Boyé, in conjunction with Henry D. Rogers, 
brought to the attention of the chemical world that 
most interesting compound—nitroso-platinic chloride, 
(NO)sPtCle, occurring in small, orange-colored, very 
deliquescent crystals, which dissolved in water with 
the evolution of nitric oxide. The announcement of 
this new and unexpected platinum derivative was 
made before the American Philosophical Society 
(Proc. Am. Phil. Soc., 1, 145 (1840)). On reading the 
little communication, one is impressed with the care 
and skill exhibited in the study of the compound. The 
student of the history of chemistry will mark it as a 
worthy contribution to early American research. The 
paper was a joint contribution of H. D. Rogers and 
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“Martin H. Boyé, graduate of the University of Copen- 
hagen.”” The latter designation of Boyé was per- 
haps employed to introduce him properly to the Ameri- 
can chemical world. The laboratory in which the 
study was conducted was the State Laboratory, lo- 
cated at 208 Chestnut Street, Philadelphia, while f 
Henry Darwin Rogers resided at 212 Chestnut Street. 
Between the State Laboratory and that of Robert 
Hare, in a University building at the northwest corner 
of 9th and Chestnut Streets, Boyé was passing back 
and forth daily, engaged in serious work. In fact, it 
was in the summer of 1840 that an unusually excellent 
piece of chemical research—marking a great advance— 
was sent out from the laboratory of Robert Hare. It 
bore the title— 


“On the perchlorate of the oxide of ethule or perchloric ether, by 
Clark Hare and Martin H. Boyé” [Trans. Am. Phil. Soc., 8 
(new series), 73 (1843) ]. ; 


Clark Hare, it will be remembered, was the son of [7 
Robert Hare. The young man had expected to give 
his life to chemistry, but was diverted to law and, in 
after years, became a distinguished jurist in Pennsyl- 
vania. The product of this investigation was not f 
accidental or the result of chance experiment, but as ; 
the authors, in their exhaustive article, say— : 


The energetic properties of perchloric acid, and its stability, 

compared with the other compounds of chlorine with oxygen, | 
led us to the belief that this acid might be combined with the | 
substance which performs the part of a base in that class of or- |) 
ganic salts which are generally designated by the name of ethers, | 
and for which Berzelius, in consequence of his theoretical views, | 
has adopted the name of oxide of ethule. ; 


They, therefore, mixed intimately crystallized sulfo- 
vinate of barytes and an equivalent proportion of } 


perchlorate of barytes. This mixture they intro- 
duced into a retort which was most carefully heated 
in an oil bath, gradually increasing the temperature 
from 212°F. to a little below 340°F. The greatest pre- | 
cautions were observed to protect the experimenters. 

The resulting ether proved to be a colorless liquid f 
with a peculiar but agreeable smell, and a very sweet | 
taste, which on subsiding, left a biting impression on 
the tongue, resembling oil of cinnamon. 

On the discovery of this body the authors thought f 
of employing it as an explosive agent, but it was found 
to be perfectly unmanageable, and the attempt was 
abandoned. At 1000°C. it yielded a volume of gas 
2?/, times as great as that yielded by nitrogen tri- 
chloride, and 3?/; times that of gunpowder. 

And these investigators continued— 


We are induced to believe that, in explosive volume, it is not sur- 
passed by any substance known to chemistry. By the explo- 
sion of the smallest drop, an open plate will be broken into frag- 
ments, and, by that of a larger quantity, be reduced to powder. 
In consequence of the force with which it projects the minute 
fragments of any containing vessel in which it explodes, it is 
necessary that the operator should wear gloves, and a close mask, 
furnished with thick glass plates at the apertures for the eyes, 
and perform his manipulations with the intervention of a mov- 
able wooden screen. 
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It certainly was a strange and treacherous body. 
On reading the following letter from Boyé, written 
years after, and observing the condition of the glove 
as exhibited in the picture, the instability, explosions 
and accidents due to diazo bodies come to memory. 
But, to the letter— 


Coopersburg, Pa. 
July 30, 1907 
Professor Monroe B. Snyder, 
Central High School, Philadelphia, Pa. 
My dear Sir: 

Some considerable time ago you suggested to me that I should 
present to the Central High School something connecting me 
with the High School or with chemistry. 

I send now such to your care requesting you to present it to 
| the High School from me. It is the glove I had on the first time 
» I experimented with perchloric ether, discovered by myself in 
» 1841 [see Trans. Am. Phil. Soc., 8 (1873)], when it exploded in 
_ my hand and the small pieces of glass entered my hand through 
| the glove. 

I send also for the High School my latest photo, taken Oct. 
) 1st, 1905, which is considered the best face likeness ever taken 
>) of me, and a view of my house in Coopersburg, Pa., in which I 
> have lived for many years. 


Please acknowledge receipt. 
Yours truly, 


MartTIn H. Boyé 


» At the moment of this explosion Boyé was holding 
) in his hand a test tube containing a small quantity of 
perchloric ether. There are those who, hearing the 
astounding story of the ether, have declared that 
Boyé 

was, in an important sense, a pioneer in the vast field of smoke- 
less gunpowder, recently so diligently investigated. 


Nearly a quarter of a century after the discovery 
) of perchloric ether, Sir Henry E. Roscoe, in the Journal 

of the London Chemical Society, 15, 213 (1862), and in 
) the Annalen, 124, 124 (1862), wrote at length upon the 
» compound, admitting the correctness of the observa- 
| tions and that the method adopted for the prepara- 


| tion of the ether was the most proper course.! He 
) confirmed the observations on its instability, and 
) casually mentions that under a thin layer of water, 
) it boils at 74°C. In Beilstein’s monumental organic 
chemistry, Roscoe is erroneously credited with the 
) discovery of this singular substance. 
) The year 1840 was rich in results for Boyé; thus, 
in the month of January he was admitted to member- 
)} ship in the American Philosophical Society, the mem- 
bers of which had become most favorably impressed 
with his mineralogical chemical work; and then, in 
| April, he was one of the 20 scientists who met in Phila- 
delphia and organized the American Association of 
Geologists, which in 1848 passed into the American 
Association for the Advancement of Science—ever a 
true and powerful factor in advancing science. Boyé 
was an active member of both these pioneer societies, 
contributing papers and always joining in discussions. 
The summer of 1841 Boyé was again in the field, ex- 
amining more minutely the bituminous coal regions 


1 See also GoMBERG, Am. Chem. Soc., 45, 420 (1923). 


Gove oF Dr. Martin H. Boye, SHOWING EFFEcT OF Ex- 
PLOSION OF A SMALL QUANTITY OF PERCHLORIC ETHER (D1Iscov- 
ERED BY HIM IN 1841) HELD IN A TEST TUBE IN His HAanp— 
THE SMALL PIECES OF GLASS ENTERING His HAND THROUGH THE 
GLOVE. 


along the Kiskiminetas and Allegheny Rivers and 
Beaver Creek. This study had the enthusiastic ap- 
proval of Henry D. Rogers. ° 

While Boyé himself preferred chemistry, yet so far 
as actual knowledge and ability were concerned he was 
equally at home in geology and physics, as well as ready 
at all times to lend a helping hand in these subjects. 
His successes in these three divisions of science were 
splendid tributes to the teachings of his favorite Danish 
teachers, Oersted, Zeise, and Forchhammer. Of course, 
in Boyé they had had a devoted, talented, and diligent 
pupil. 

In the years 1842-44 he followed the regular course of 
medical lectures at the University of Pennsylvania. 
On graduation (1844) he presented a thesis entitled, 
“Structure of the nervous system.” One of his class- 
mates was the eminent Joseph Leidy, who wrote upon 
the ‘‘Comparative anatomy of the eye of vertebrate 
animals,” an introduction and precursor to his later 
classic studies in comparative anatomy, paleontology, 
parisitology, etc. These young scientists must have 
seen much of each other, for both were, for longer or 
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shorter periods, assistants to Robert Hare in his 
chemical studies. What a center of scientific activity 
that old laboratory of Hare must have been! Wolcott 
Gibbs was another who worked there, and how proud 
Americans are of his subsequent career! 

The old medical course in the University extended 
over two years. Most of the practical work and lec- 
tures were conducted from 4 P.M. to hours late in the 
night, so that it was quite possible for Boyé to join 
James Curtis Booth in the conduct of his or their 
laboratory (Booth and Boyé, Chemists, 27 N. 7th Street 
—says an old City Directory), where he did the analyti- 
cal work of the business, and also succeeded in caring 
for the analysis of rocks and minerals which were 
brought in from the Delaware Geological Survey, 
through the instrumentality of Booth, with whom he 
also wrote on “The conversion of benzoic into hip- 
puric acid.” The experimental part of this study 
was made in the Booth laboratory and the “results 
published as the conjoint labours of Professor Booth 
and myself.’ Their observations, which are most 
interesting even today, were based on. an earlier 
discovery of Wohler. Indeed, it is a genuine pleasure 
to note how far such researches in organic chemistry 
had advanced in the 1840’s in America. A summary of 
their experiences reads as follows: 


1. The formation of uric acid in healthy urine is not affected 
either in regard to its quantity nor to its external properties 
in general by the introduction and transformation of benzoic 
into hippuric acid in the system. 

The time required for the benzoic acid to pass through the 
system, and reappear as hippuric acid in the urine, is from 20 to 
40 minutes after its introduction with food into the stomach. 
Its occurrence continues for four or eight hours, but then ceases. 

The quantity of hippuric acid obtained from the urine is 
greater than that of the benzoic acid taken. In round num- 
bers it may be stated to be one-third more. 

4. Urea is not in combination with hippuric acid in the urine. 

5. The base with which the hippuric acid is combined, and which 
keeps it in solution, is ammonia. 


An immense amount of laboratory effort was ex- 
pended in this study of which Boyé was the guiding 
spirit. 

In touch, evidently, with all the chemical work being 
done in the several institutions with which he had a 
quasi connection, he announced in a meeting of the 
American Philosophical Society (1844) the success 
had by Clark Hare, Channing, and Wolcott Gibbs, in 
producing ‘“‘the perchlorate of the oxide of methule” 
(methyl perchlorate) by a process analogous to that 
employed with perchloric ether; namely, by heating dry 
sulfomethylate of baryta and perchlorate of baryta. 


This compound (methyl perchlorate) resembles, in its general 
properties the ethyl perchlorate, being a colorless liquid, heavier 
than water, and exploding with great violence on being touched 
by an ignited body. The force of its explosion seemed, however, 
less than that of the corresponding ethyl compound; nor did it 
appear capable of being ignited by friction or percussion. It was 
sweet to the taste, but possessed of a pungency which in a short 
time became painful, and attacked the skin of the tongue, so 
far as to destroy the power of tasting, and to leave the surface 
white for several days afterwards. 
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There is no reference to this derivative in the litera- 
ture of organic chemistry. 

Other communications were made to the Society 
from time to time by Boyé; such as, for example—the 
results of the analysis of three different varieties of 
feldspar from the primary rocks of the State of Dela- 
ware; on a white crystalline mineral (albite) from 
West Chester, which encloses corundum and several 
other mineral species; on artificially colored tea (done 
in China); on iron pyrites, containing some copper 
pyrites, and about 4!/2 per cent of nickel, from the 
Gap Mine in Lancaster County, Pennsylvania (this 
mine was subsequently worked by the late Joseph 
Wharton, Esq., for the nickel, long used in our coins); 
on fossil infusoria, and the Aurora Borealis; on true 
nitric ether; on the analysis of a concretion from a 
horse’s stomach (mainly a phosphate of magnesia and 
water); on brown hematite, containing small quan- 
tities of cobalt oxide; on minerals from the bitumi- 
nous coal measures of Pennsylvania, among others 
sulfate of magnesia, both in fibrous crystals and in 
porous masses; on calcium acetate, found on the outer 
surface of the coal pits for charring wood; on fixed 
mercury from Mr. Sarton of Leghorn, which proved 
to be an amalgam of tin and mercury, etc. 

These and other brief, written or oral, communica- [ 
tions showed Boyé’s deep interest in all scientific sub- 
jects. They confirm also the statement of his regu- 
larity in attendance on the meetings of the Society. | 
Review of the scientific work of James Curtis Booth | 
will show that Boyé was associated with him in carry- 
ing out many investigations. 

It was before the American Association for the | 
Advancement of Science that Boyé presented an/ 
article ‘‘On the composition of the Schuylkill water.” 
He evidently regarded this contribution as of impor- 
tance. There is every sign of excellence in the ana- 
lytical portion, but why the mysterious emphasis 
upon its importance? Prior to Boyé’s analysis but 
two analyses had been made, one six years before by 
Boyé and a second three years before by B. Silliman, 
Jr., and the single conclusion arrived at was 


that the Schuylkill water when settled clear is a water of superior 
quality. 


The hidden reasons of Boyé for an unusual interest 
in this particular piece of work must ever remain with 
him. To the ordinary reader they are not apparent. 

The black, thick, oily product extracted from cotton- 
seed interested Boyé, and in 1845 he invented a proc- 
ess of refining, which yielded a bland and colorless 
oil, adapted for cooking or salad dressing. Toilet 
soap made from it equaled or surpassed the best Castile. 
In 1847-48 he manufactured this oil on a large scale. 
A portion of the oil made in 1848 was preserved until 
1876 when it gained the award of first premium at the 
Centennial Exposition in Philadelphia. 

One of the Boyé’s most enthusiastic and devoted Ff 
friends—his chief colleague—was James Curtis Booth. 
They were intimates, sharing problems of every de- 
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scription, hence it was quite proper that when Booth 
retired from the Chair of Chemistry in the Central 
High School of Philadelphia, Martin Hans Boyé 
should be his successor.? So for six years he taught 
in a subordinate position, giving only a portion of his 
time to the duties of the school. In 1851, how- 
ever, his department was raised to the same rank as 
the others. Provision was made for a laboratory, and 
from this time chemistry assumed its proper place 
| in the curriculum. From the Hon. Franklin Spencer 
Edmonds, in his History of the High School, is learned 


that in his instruction Professor Boyé labored under the difficul- 
ties that necessarily come when the teacher is a foreigner and the 
taught are high-spirited, irrepressible American boys. A good 
part of the physiological excitability of the students was worked 
off in the chemical room. But, notwithstanding the occasional 
pranks, the boys of scientific bent received much help from Dr. 
Boyé, whose work had added materially to the popular apprecia- 
tion of his subject. In the Board of Instructors he was an active 
and useful member. 


The universal verdict, however, was that Boyé was 
an earnest, enthusiastic, and on the whole, successful 
teacher. No lessa person than Dr. Thomas M. Drown, 
formerly professor in the Massachusetts Institute of 
Technology and later President of Lehigh University, 
cheerfully testified that Dr. Boyé first inspired in him a 
) love for chemistry. 

It was in this teaching period that Boyé. wrote 
“Pneumatics, or the Physics of Gases,”’ designed par- 
ticularly for his students. In the introduction he said 
that 


') while he has adhered to a strict systematic arrangement, and 
) on the part of scieyce, sacrificed nothing to popularity, he hopes 
) that he has made his explanations so clear and full as to be in- 
telligible to all. 


And a companion volume was “Chemistry, or the 
Physics of Atoms.” Both volumes were vigorous pres- 
entations. Boyé’s profound knowledge of mathe- 
matics and kindred subjects was utilized in these texts, 
which were by no means easy. He was eager and 
zealous, implanting principles and fundamentals, and 
this was broadly done, with the result that he sent out 
into the world many graduates who attained great 
success in practicing and teaching chemistry. His 
public lectures were numerous and interesting. 

Various as were the engagements of Boyé he still 


2 “Boyé ... was my old professor at the High School—of a 
rather tempestuous disposition and couldn’t bear with the pranks 
of us youngsters. I was 12 + 1 month when I entered.”—W. W. 
Keen, M.D., June 4, 1924. (Letter addressed to E. F. S.) 


found leisure to do considerable literary work. In 
conjunction with Dr. Foreman Leaming he translated 
into English not a few literary essays from foreign 
languages, and certain chemical subjects, notably a 
profound essay by John Jacob Berzelius, entitled ‘“The 
kidneys and urine.” The purpose of the latter trans- 
lation was to place before American students of medi- 
cine the most authoritative discoveries of Europeans 
in this newer field. Despite its years the book continues 
to have merit. 

The digressions of Boyé into literature, in addition 
to the excellent character of his scientific work, led the 
authorities of the University of Pennsylvania to confer 
upon him the honorary degree of Master of Arts, in 
1844, the year in which he received his M.D. degree in 
course. The honor was very deeply appreciated by 
Boyé. 

In the ‘“Encylopaedia of Chemistry,” practical and 
theoretical, by James Curtis Booth (1850), are numer- 
ous subjects from the pen of Boyé, including an ex- 
tended article on “Analysis” which was afterward is- 
sued as an independent volume. It is really a pioneer 
volume in chemical analysis as far as this country is 
concerned. It probably has escaped the eyes of most 
chemical students, but those caring for qualitative and 
quantitative analysis will find it has exceptional merit. 

However, in February of the year 1859 Boyé re- 
signed his teaching post “because of ill health,” but 
his ailments were probably not serious for he gave 
himself at intervals to protracted journeys into various 
portions of the globe, and when far in the eighties he 
was wandering about Alaska, the Hawaiian Islands, 
and Japan. This was after he had chosen, outside of 
Philadelphia, in the picturesque region of Eastern 
Pennsylvania, a spot that was to be the home of his 
declining years—in one of the loveliest nooks of that 
terrestrial Eden—Coopersburg, Pennsylvania—and 
christened by Boyé as ‘‘Keewaydin,” a name of the 
northwest wind, taken from Hiawatha. Here he pur- 
sued ‘‘the most noble and useful avocation of man— 
agriculture.”’ : 

Here also it was that he passed away into the great 
beyond on March 6, 1909, 97 years or more after his 
advent into a little Danish family in Copenhagen. 

Boyé’s public and scientific life was fruitful in meri- 
torious things. It is most regrettable that a more in- 
timate picture of the man fails. All efforts to obtain 
this were fruitless, and so the story ends. 


He was simple Nature, overflowing its reservoirs. 


BOTTLENECK IN RUBBER PROGRAM 


In all of the controversial angles of the rubber program little has been said of one 


bottleneck—competent technical men to operate the plants. 


Surveys show that large 


numbers of chemists and chemical engineers, students now in their junior and senior 
years, are being taken into the army under plans which call for their induction when 


they graduate. 
self evident.—Chemical Industries 


The time is coming when the disastrous effect of this policy will become 





Hydrogenation 


A Demonstration for the Classroom’ 


JAMES W. KERCHEVAL? and LLOYD A. ARMBRUSTER? 


Michigan State Normal College, Ypsilanti, Michigan 


ORE THAN a billion pounds of refined cottonseed 

oil are produced each year in the United States (1). 
The principal use for the refined oil is found in the 
preparation of shortenings, which consumes about 65 
per cent of the annual production. Margarine manu- 
facture accounts for about 8 per cent of the total re- 
fined oil produced, and miscellaneous food products 
such as salad oil, mayonnaise, and salad dressing use an 
additional 17 per cent. The remaining 10 per cent is 
used for nonfood purposes (2). 
—Thus the major portion, or approximately 80 per 
cent, of the cottonseed oil used for food in this country 
is used not as the liquid oil, but in the form of a hard- 
ened fat in shortenings such as Crisco or Spry, and in 
margarines. The hardening is brought about by the 
process of hydrogenation which involves the addition of 
hydrogen atoms to the unsaturated linkages in the cot- 
tonseed oil. According to the analyses of cottonseed 
oils by Jamieson and Baughman (3) and Hilditch and 
Jones (4) the oil consists of the glycerides of the fatty 
acids shown in Table 1. 


TABLE 1 


Formula Percentage 


Present 


Name 


19 to 22 
24 to 34 


CH;(CH2)u1COOH 

CH:;(CH2);CH = CH(CH:);COOH 

CH:(CH2)sCH = CHCH:CH = 
CH(CH2)rCOOH 

CH:(CH2)1sCOOH 

CH; (CH2)12,COOH 

CH:(CH2):1sCOOH 


Palmitic 
Oleic 
Linoleic 
39 to 50 
1.5 to 2.5 
Small amount 
Small amount 


Stearic 
Myristic 
Arachidic 


Practically all of the palmitic acid is associated with 
unsaturated fatty acids in mixed glycerides. Only 
about 1.5 per cent of fully saturated glycerides are 
present. The remainder of the oil appears to consist of 
about 60 per cent monopalmito glycerides, 15 per cent of 
dipalmito glycerides, and 24 per cent of mixed trigly- 
cerides of oleic and linoleic acids (5). 

The hydrogenation of these unsaturated glycerides 
proceeds in a stepwise manner. The more unsaturated 
glycerides are hydrogenated to a considerable extent 
before the less unsaturated glycerides begin to react. 
Reduction of glyceryl trilinoleate, with hydrogen in the 
presence of nickel on kieselguhr as the catalyst, results 
in a nearly complete conversion to glyceryl trioleate 
before the latter is further hydrogenated. The forma- 

1 Presented before the Science Section at the annual meeting 
of the Michigan Schoolmasters’ Club, Ann Arbor, Michigan, 
April 16, 1943. 

* Present address: 
Texas. 


3 Present address: 
ville, Tennessee. 


Big Spring Army Air Field, Big Spring, 


Tennessee Eastman Corporation, Knox- 
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tion of the saturated glyceryl tristearate does not occur 
until the final stages of hydrogenation. Also triolein 
disappears more rapidly than the tristearate is pro- 
duced. This fact is interpreted to mean that only one 
double bond of the triolein is hydrogenated during one 
contact with the catalyst. The sequence of reaction is 
thought to be: 


trioleates -> dioleomonostearates — mono-oleodistearates —> 
tristearates (6) 


Refined cottonseed oil has a solidification point rang- 
ing from —13° to +12°C. and an iodine number of 103 
to 111 (7). When completely hydrogenated, it melts at 
approximately 62° to 63°C. The shortenings made in 
the United States from the refined oil melt from 35° to 
43°C. and have an iodine number of 60 to 75. The f 
saturated acid content has been increased until it is 27 f 
to 33 per cent and the linoleic acid reduced to 5 to 127 
percent. The lower the linoleic acid content, the better | 
the keeping qualities of the product will be (8). ‘ 

Even though hydrogenation of vegetable oils is an | 
important commercial process, very little has been | 
published concerning the possibility of demonstrating | 
hydrogenation in the classroom, under atmospheric 
conditions. Haub (9) describes such a project, but be- 
cause one and one-half to two hours are required to ob- 
tain a hardened product, the project as described is im- 
practical for lecture demonstrations. With this objec- 
tion in mind the authors set about to devise a method 
which could be carried out during a single lecture 
period of 50 minutes. : 

In the experimentation both vapor and liquid phase 
hydrogenation were considered. Vapor phase hydro- [ 
genation at atmospheric pressure gave results indicat- 
ing that this method was not suitable for use as a class- 
room demonstration. In an atmosphere of hydrogen, 
decomposition was considerable at the temperatures 
necessary for the vaporization of the oil. On the other 
hand, liquid phase hydrogenation yielded a product 
quite similar to that obtained commercially. It was 
found that good results could be obtained within the 
50-minute period. 

The main objections to the liquid phase procedure 
are: (1) the apparatus needed; (2) the attention re- 
quired for temperature control; and (3) the necessity of 
a freshly prepared catalyst. These objections are of 
small significance in comparison with the results ob- 
tained by this method. The most complex part of the 
setup is the stirring unit. However, once this is made it 
can be left assembled for future use. 

In the liquid phase hydrogenation, the heated oil is 
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agitated in an atmosphere of hydrogen with freshly re- 
duced nickel on charcoal as the catalyst. The catalyst 
can be made in a number of ways; the one adopted was 
the most easily performed and least time consuming. 
The procedure followed is similar to the method used in 
the hydrogenation industry (10) and that described by 
Adkins (11). 

The catalyst is prepared in the following manner. A 
mixture of 50 g. of medium fine granular animal char- 
coal and 150 cc. of distilled water are boiled for 15 
minutes, after which 58 g. of Ni(NO3)2°6H2O are added 
and completely dissolved. To this hot mixture is 
slowly added, with stirring, a solution of 24 g. of 
(NH4)2COs; dissolved in 100 cc. of.distilled water. The 
resulting mixture is again heated to boiling. After 
cooling the solids are filtered off by suction, thoroughly 
washed with distilled water, and finally dried in air at 
room temperature. The reasons for using the nitrate of 
» nickel and the ammonium carbonate are: (1) the 
nitrate residues are more easily washed out of the pre- 
cipitate than are the sulfates or chlorides; (2) when the 
precipitated catalyst is ready to use, the carbonate is 
easily decomposed to the oxide which is then reduced to 
the free nickel. After reduction the nickel is mostly in 
) the colloidal state and is dispersed on the charcoal which 
» acts as the catalyst carrier. Other carriers, such as 
» fuller’s earth, diatomaceous earth, and kieselguhr can be 
used if preferred. ; 

To reduce the nickel carbonate on the carrier, a 5-g. 
sample of the above air-dried residue is introduced into 
a simple reducing chamber consisting of an 8-inch pyrex 
test tube with hydrogen inlet and exit tubes. This 
amount is sufficient to catalyze a 20- to 30-cc. charge of 
oil. A continuous stream of washed, dry hydrogen 
is supplied while the contents of the tube are heated uni- 
formly at a temperature range of 300° to 325°C., or ina 
partially luminous flame for 15 minutes. A longer re- 
duction time is required for catalyst charges of more 
) than 5g. At the end of the reduction period, the tube 
+ and contents are heated thoroughly to redness and then 
© allowed to cool. Hydrogen is supplied continuously 
» during the cooling period. Because age and contact 
with the air tend to make the nickel inactive, the cata- 
lyst should not be reduced more than a few hours prior 
to its use, and then should be kept well stoppered in the 
test tube in an atmosphere ofhydrogen. This method of 
dry reduction has been found to be better suited to the 
small scale lecture demonstration than the more time- 
consuming wet reduction. Both methods are used in 
industry, the wet reduction method being in more com- 
mon use (12). 

The arrangement of the hydrogenation apparatus is 
shown in Figure 1. Hydrogen is obtained from a Kipp 
' generator and is washed in a concentrated solution of 
sodium hydroxide, passed through concentrated sulfuric 
acid and then through a calcium chloride drying tube 
filled with glass wool. Hydrogen in coal or water gas 
cannot be used for the reduction of the nickel carbonate 
or for the hydrogenation process because the carbon 
monoxide in the gas will poison the catalyst and make it 
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inactive. From the drying tube the hydrogen is led to 
the hydrogenation chamber, which consists of a 250-cc. 
wide-mouth pyrex Erlenmeyer flask enclosed in an oven 
constructed of an asbestos-lined burner guard. The 
flask and its stopper hold inlet and exit tubes, a 360°C. 
thermometer, and a stirrer, which is run by a small 
laboratory motor. The stirrer, thermometer, and tubes 
should be mounted in the rubber stopper in such a man- 
ner that the unit may be inserted through the neck of 
the flask with ease. The inlet tube is turned so the in- 
coming hydrogen will not come in contact with the 
thermometer bulb. The stirrer shaft is introduced 
through the stopper by a glass bearing and a mercury 
seal shown in detail in Figure 2. The mercury seal unit 
is made from glass rod and tubing of sizes common’to all 
laboratories. The oil to be hydrogenated will serve as a 
lubricant for the glass-tube bearing. 

The exit tube is led into a bottle trap for condensation 
of low-boiling-point materials distilled over during the 
operation. This, in turn, is connected to another bottle 
containing water, the purpose of which is to help regu- 
late the flow of hydrogen, allowing the gas to pass 
through at the rate of about 60 bubbles per minute. 
From this bottle the gas should be disposed of through 
the hood or a vent where there is no danger of an ex- 
plosion from the hydrogen. 

To begin the hydrogenation, a 25-cc. sample of re- 
fined cottonseed oil is put into the hydrogenation cham- 
ber, the freshly prepared catalyst charge is added, and 
the apparatus is assembled as shown in Figure 1. The 
air is washed out by the flow of hydrogen, and the 
flask in the heating oven is fitted with an asbestos collar 
to cover the oven. The agitator is started, the hydro- 
gen flow regulated, and then heat applied from the 
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FIGURE 2 


Bunsen burner. The temperature is allowed to rise to 
190°C. and then held between 190° to 200°C. for a 
period of 30 minutes. At the end of this time the flask is 
immediately removed and the oil-catalyst mixture is 
filtered by suction through a small Biichner funnel con- 
taining a dry asbestos mat '/s inch thick. If the funnel 
has been heated, the filtering takes only a matter of 
seconds. The filtered oil is chilled in ice water to hasten 
solidification. 

If cottonseed oil is not available, corn oil, soya oil, or 
olive oil may be used in its place. Corn oil can be 
hydrogenated in approximately the same period of time 
as the cottonseed oil, whereas the soya and olive oil 
require 5 to 10 minutes longer. 

Refined cottonseed oil has a usual iodine number 
range of 103 to 111. The particular sample used by the 
authors was 115. The 30-minute hydrogenation run 
gave a solid fat with an iodine number of approximately 
65, and was about the consistency of lard. The iodine 
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number of lard varies from 60 to 75. After 30 minutes 
hydrogenation proceeds rapidly, giving in 40 minutes a 
solid product with an iodine number of 42 which is com- 
parable to mutton tallow. 

The time required for the hydrogenation, including 
chilling of the product, is less than an hour, provided 
the apparatus has been set up and the catalyst reduced 
prior to the time of demonstration. This demonstra- 
tion, as described, has proved very satisfactory in pre- 
senting to a class some of the principles of hydrogena- 
tion as they are carried out in industry. Furthermore, 
it illustrates the close relationship existing between in- 
dustrial processes and the theoretical chemistry which 
lies behind them. 

The above procedures may be varied to some extent 
to fit the needs and facilities of the individual, but in the 
main the described procedure has been shown by ex- 
perimentation to give the most satisfactory results. 

The authors wish to express their appreciation to Dr. 
P. S. Brundage and Mr. K. D. Conn of the Michigan 
State Normal College chemistry staff, and to Mr. G. W. 
Reed for their helpful suggestions and aid. 


LITERATURE CITED 


(1) ‘Commodity Year Book, 1941,” Commodity Research | 
Bureau, Inc., New York, 1941, p. 218. s 

(2) Ibid., p. 210. 
(3) aN AND BAuGHMAN, Oil and Fat Industries, 4, 131 (7 
1927). : 


(4) Hitpitcu AND Jones, J. Soc. Chem. Ind., 51, 202 (1932). 
(5) Ibid., 53, 13T (1934). d 
(6) Guan, “Organic Chemistry,” 2nd ed., John Wiley and | 
Sons, Inc., New York, 1942, Vol. I, p. 802. : 
(7) Lancr, ‘Handbook of Chemistry,” 3rd ed., Handbook | 
Publishers, Inc., Sandusky, Ohio, 1939, p. 518. ; 
(8) JAMIESON, “‘Vegetable Fats and Oils,” A. C. S. Monograph |. 
No. 58, Chemical Catalog Co., New York, 1932, pp. 189- | 


93. ; 

(9) Haus, ‘‘A novel high-school experiment in hydrogenation of | 
oils,” J. CHEM. Epuc., 8, 1856-7 (1931). 

(10) Furnas, “Rogers Manual of Industrial Chemistry,” 6th 

ed., D. Van Nostrand Co., Inc., New York, 1942, Vol. II, 


p. 1524. 

(11) Apxrns, ‘Reactions of Hydrogen,” University of Wisconsin 
Press, Madison, Wisconsin, 1937. 

(12) WurstTeER, ‘Hydrogenation of fats,” Ind. Eng. Chem., 32, 
1194 (1940). 


WHAT AMERICA MEANS TO ME 


I have never thought about what my country means to me until recently. I always 
took it for granted, like breathing. But when something happens which threatens 


to cut off your supply of air you realize how precious it is. 


LIFE. 

America means my home. 
skies. 
children as I see fit. 


their homes, their church, and their politics. 


upon free roads, under a free heaven. 


I have not earned this right to be an American. 
But now I know that I must earn the right which was given me. 


choice in the matter. 


Being an American means 


It means the beauty of the land and the peace of the 
It means the right to earn a living for myself and children, and to bring up my 
It means my children’s right to choose their means of livelihood, 


It means my right to walk a free woman 


I was born here, and had no 


I must stop and think what it means to be an American today. I must act like an 


American—I must think like an American—I must live like an American. 


In short, 


it is not enough to have been born in America. I must BE an American, every moment 


of my waking life.—Faith Baldwin 





Synthetic Rubber and Plastics 


ERNST A. HAUSER 
Massachusetts Institute of Technology, Cambridge, Massachusetts 


HAT the recent developments in the field of 

plastics, particularly those connected with the pro- 
duction of synthetic rubber, will be forever considered 
shining examples of chemistry in operation is already 
an established fact. 

In the years just prior to our entry into this war we 
consumed over 700,000 long tons—or about 15,500,000 
pounds—of rubber! With the enemy’s occupation of 
Malaya and the Dutch East Indies we lost our main 
source of supply, since the amount of rubber imported 
from other areas has always been insignificant. Today 
we are assured that our production of synthetic rubber 
will shortly reach and even surpass the above figures. 
This is a miraculous achievement; a lasting monument 
to the ingenuity and resourcefulness of our chemists and 
engineers. 

It must be realized that it is not the purpose of this 
paper to give a detailed account of this development 
because such an undertaking would cover a number of 
volumes and would have to assume a considerable 
knowledge of organic chemistry on the part of the 
reader. In the following discussion it is the intention 
of the author to give the reader, even if he is not a 
trained chemist, as simple a picture as possible of the 
various reactions leading to the production of synthetic 
rubber and other plastics, and to offer as simple an ex- 
planation as possible for the differences in properties 
of the new synthetic products. This procedure, it is 
§ hoped, will give the reader not only a fundamental 
idea of what synthetic rubber and other plastics repre- 
sent, but also make him really appreciate this tre- 
mendous development. 

Analysis. The first step in synthesizing a substance 
is to determine its composition, or, as the chemist calls 
) this procedure, to analyze it. As far back as 1860 we 
> knew that rubber could be broken down into a liquid 
§ which would boil at only two-tenths of a degree above 
the normal temperature of our body. We also have 
known since then that the molecules of this liquid are 
composed of 5 carbon and 8 hydrogen atoms. It was 
named ‘‘isoprene.’’ In the chemist’s shorthand the 
formula for isoprene is written CsHs. 

Isoprene. If one wanted to show not only the gross 
composition of the molecule, but also the way the ele- 
ments are bonded together, one would put it down as 

shown in Figure 1. We see from this formula that 


ISOPRENE ISOPRENE (ACTIVE) 


FIGURE 1 FIGURE 2 
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every carbon atom (C) has four connections or bonds, 
whereas the hydrogen atom (H) has only one. The 
chemist speaks of carbon as being four-valent, and hy- 
drogen, univalent. We also notice that the carbon 
atoms at the ends of the molecule are tied to the center 
carbons by double bonds. Such a double bond is more 
reactive than a single one. Let us now compare this 
molecule with one person entering a room filled with 
people, all of whom have their arms close to their bodies. 
As long as the room is not overcrowded each will be 
able to move as freely as he pleases. This picture can 
well represent the movement of simple molecules, of 
which a free flowing liquid is composed. 

Polymerization. Under certain conditions, as for 
example the influence of ultraviolet light, hydrochloric 
acid, and a number of other chemicals called catalysts, 
the isoprene molecule undergoes a change in the dis- 
tribution of its bonds without altering its chemical com- 
position (Figure 2). 

What does this change signify? The end carbon 
atoms are no longer saturated within the molecule and 
are looking around to join others which are in a similar 
condition. Let us assume that some of the people 
moving around in the aforementioned room have 
stretched out their arms and four or five people join 
hands, thus forming short chains. If they try to move 
through the crowd now they will find it far more diffi- 
cult than before. Frequent collisions with others will 
complicate their movement. This picture represents 
the change which the originally free-flowing isoprene 
undergoes when some of its molecules start to join up— 
the liquid becomes more viscous. The chemist using 
his shorthand way of expressing such a change would 
simply write (CsHs)z. Using the formulas showing the 
bond distribution, we would put it as shown in Figure 3. 
Such reaction is known as polymerization. 
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If the human chains in the room grow more numer- 
ous and longer, the moment will come when the crowd 
will be so entangled that free movement is impossible. 
This corresponds, for all intents and purposes, to the 
state of a solid. Transposing this picture to the iso- 
prene molecule, we finally wind up with a snarl of the 
above-described isoprene chains. We have produced 
by synthesis a rubber-like solid (Figure 4). 

Butadiene. Unfortunately isoprene is not available 





FIGURE 4 


in sufficiently large quantities on which to base a syn- 
thetic rubber industry with a production capacity as 
large as is now needed. The Russians, who must be 
considered pioneers in this type of chemical research, as 
well as the Germans, realized this long ago. During 
the first World War Germany produced a synthetic 
rubber starting with butadiene, which is obtainable in 
large quantities from either petroleum or alcohol or, 
by more complex chemical reactions, from acetylene 
gas. Butadiene, which the chemist writes simply as 
C,H, is a gas at any temperature above —5°C. It is 
very similar in its bond structure to isoprene (Figure 5). 

Comparing this configuration with that of isoprene 
we need no longer stretch our imaginations to see how 
such molecules, if brought into an active state, will also 
join to form thread- or chainlike aggregates. ‘‘Poly- 
butadiene” as produced is today best known by the 
term “Buna rubber.”’ Most of the Russian synthetic 
rubber production is based thereon. 

Neoprene. Another chemical compound, develop- 
ment of which originated entirely in this country, is 
known as “‘chloroprene’’ (C,HsCl) (Figure 6). 
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A comparison with the isoprene molecule shows that 
the only difference between these two compounds is 
the replacement of the methyl (CHs) group with a chlo- 
rine atom. Again we can readily see the possibility of 
producing chain-aggregates. This synthetic rubber is 
known as ‘‘neoprene.”’ 

Buna S. During recent years somewhat more com- 
plicated polymers have been produced for the main 
purpose of improving certain specific properties. For 
example, if we take butadiene and styrene (Figure 7), 
the latter being well known for the production of 
clear, transparent plastics, we can join these together 
4 H 
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during polymerization to form chainlike structures. 
This synthetic rubber is known as “‘Buna S”’ (Figure 8). 

Buna N. If we combine butadiene with acryloni- 
trile we produce a synthetic rubber known as “Per- 
bunan” or “Buna N.”’ This rubber is characterized by 
its high resistance to solvents such as gasoline (Figure 
9). These represent the most important synthetic 
rubbers now under consideration, with the exception of 
butyl rubber and thiokol, which will be discussed later. 
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Vulcanization. 
snarled-up isoprene chains. 
opposite sides of the snarl and pull. 
will eventually manage to elongate the snarl, but we 
will have difficulties in pulling it apart. 
the snarl it willremain elongated. The same thing hap- 
pens if you stretch a piece of natural rubber. 


Let us go back for a moment to the [7 
We grab the two ends on F 
If we are clever we F 


If we release F 


However, 
most of us are familiar only with the rubber goods we | 


buy in stores, and we all know that if we stretch a rub- [ 
ber band and let go, itsnaps back. This rubber band is|) 
vulcanized rubber, that is, rubber which has been| 


treated with sulfur. 


We believe that the sulfur ties| 


the isoprene chains together by forming a link or} 
bridge between them at the previously discussed re-| 


active spots, namely, the double bonds (Figure 10). 


SuLFur LINKS 
FIGURE 10 


You see that we need only a few such bridges to 
make the structure fully coherent. Now the elongated 
chains will retract as soon as the strain is released. The 
rubber chemist terms this reaction vulcanization. To 
speak in terms of the plastic chemist, we have con- 
verted the originally thermoplastic or heat-softenabl 
compound into a thermo-set one. 

All the synthetic rubbers we have so far mentioneé 
are therefore vulcanizable in accordance with theif 
structyral composition. 

Vistanex. Several years ago it was found that 4 
certain fraction of crude oil, known as ‘“‘isobutene’ 
(C,Hs) can be polymerized to a rubber-like consistency. 
The product is known as ‘‘vistanex’”’ (Figure 11). 
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Butyl Rubber. As we see, this chain of polyisobutene 
does not carry any double bond and therefore cannot be 
changed from its thermoplastic condition to a thermo- 
set one. It is not vulcanizable. American ingenuity 
overcame this problem by joining isobutene with small 
amounts of butadiene or isoprene during polymeriza- 
The result was “butyl rubber’ (Figure 12). 
Now the “copolymer” is vulcanizable. 
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In connection with Buna $ we have al- 
This, too, 


Styrene. 


) is a liquid composed of molecules carrying a short un- 
> saturated chain connected with a benzene ring. By 
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yutene 
istency, 


polymerizing such molecules we again form a chain 
structure. Eventually we will have produced a solid, 


known as “polystyrene” (Figure 13). 
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The chains so formed are not interconnected, and 
therefore the shape of the product can be changed upon 
the application of heat and strain just like unvulcanized 
rubber. We have the typical example of a thermoplas- 
ticresin. However, if we introduce a compound known 
as paradivinyl benzene into the polymerization, we get 
an interlinking of chains comparable to the vulcaniza- 
tion of rubber. We have formed a thermo-set plastic 
(Figure 14). 

Thermoplastic Resins. This shows clearly the dif- 
ference between what we generally term a thermo-set 
and a thermoplastic resin. But it also shows that 
natural, as well as synthetic rubbers, have close rela- 
tion to what we usually call ‘‘plastics.’’ Other thermo- 
plastic resins are the acrylic resins, familiar to us in the 
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gun blisters of our bombers, vinyl resins, cellulose ni- 
trate, acetate, and casein resins. 
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Condensation. The best-known thermosetting plas- 
tics are the phenol-formaldehyde resins, the urea- 
formaldehyde resins, and the melamine-formaldehyde 
resins. Although no conclusive answer is yet available 
as to how the reaction between phenol and formalde- 
hyde proceeds until the solid resin generally known as 
‘Bakelite’ is formed, it is assumed that we first obtain 
an intermediate compound which aggregates in three 
dimensions by the splitting out of water. 

A chemical reaction in which two or more molecules 
combine with the separation of water or some other 
simple substances is generally termed condensation. 

Thiokol. A great number of other thermosetting 
resins are the result of such condensation reactions. 
However, this is not unique to plastics, since a conden- 
sation reaction is also responsible for the formation of 
the only better known synthetic rubber-like material so 
far not mentioned. It is known under the trade name 
“thiokol.”’ If one allows the chemical ethylene di- 
chloride to react with sodium polysulfide, one obtains a 
chain polymer containing the hydrocarbon radical of 
the former, and the sulfur of the latter, while sodium 
chloride is eliminated (Figure 15). 
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Although the reader must realize that the above dis- 
cussion is all but complete, it should offer a simple 
picture of what synthetic rubbers are, what they are 
composed of, why they exhibit properties similar to 
the natural product, and how and why their develop- 
ment is closely related to that of the so-called synthetic 
plastics. Also it is hoped that it will show the complex- 
ity of the problem. 





The Direct Reactions of Solids 


F. FEIGL, L. I. MIRANDA, and H. A. SUTER 
Laboratorio Central da Producao, Ministerio da Agricultura, Rio de Janeiro, Brazil 
(Translated by Ralph E. Oesper, University of Cincinnatt) 


T WAS long believed that dry solids do not react 

with each other and that at least traces of water 
must be present if reaction occurs. However, the 
classic work of Hedvall (12) and later that of Jander 
(18) and of Hiittig (17) have proved beyond doubt 
the occurrence of direct mutual chemical action in 
the solid state. These men and their collaborators 
have explored this field systematically and have found 
that many of these reactions can be formulated stoichio- 
metrically. Because of their fundamental significance 
Hedvall’s results have been mentioned in some of the 
recent texts on general chemistry. Likewise some 
teachers have included a discussion of reactions in 
the solid state, usually emphasizing the technical 
importance of sintering processes, or pointing out the 
geochemical aspects of this type of reaction. How- 
ever, demonstration experiments illustrating this chap- 
ter of chemical change were lacking. In 1940, van 
Klooster (23) recommended the formation of colored 
sulfides and iodides by heating a mixture of the solid 
reactants as particularly adapted to performance at 
the lecture table. 

The writers have been studying reactions in the 
solid state, particularly those that can be represented 
by simple chemical equations. Among these are 
many whose occurrence can be directly established 
without recourse to supplementary physical or chem- 
ical tests, because a striking characteristic color 
change is seen when the mixed solid reactants are 
heated. Obviously these systems are excellent for 
didactic purposes, since they react quickly and simple 
equipment is adequate. 

The clear-cut reactions studied in this laboratory 
conform, without exception, to Hedvall’s rule that 
the reactivity of crystalline solids is increased by any 
loosening of the lattice. The most general method 
of securing this result is to raise the temperature, 
whereupon the solid expands. This expansion is the 
visible manifestation of the thermal spreading of the 
ionic or molecular lattice whose rigid spatial arrange- 
ment characterizes the solid state. The first reported 
cases of reactions between solids accordingly involved 
a considerable increase in temperature in order to 
secure the necessary activation and consequent re- 
activity. The extension of this principle of thermally 
loosening the lattice of fusible and sublimable materials 
has led to the successful realization of reactions at 
temperatures just below the respective melting or 
sublimation points. At such temperatures the mole- 
cules are highly activated and the reactivity is cor- 
respondingly great. Examples of the reactivity of 


18 


both fusible and infusible inorganic reactants will be 
given in this paper. 

Numerous instances of the production of inner 
complex salts and of color lakes by gently heating 
mixtures of the reactants are described. No previous 
reports of the preparation of these materials by this 
method have been published. Double decompositions 
by the dry method, involving inner complex salts, 
have been accomplished in our laboratory. Note- 
worthy also are the typical redox reactions reported 
here, and the first case of catalysis by the dry method.* 

The wide variety of reaction types that have al- 
ready been accomplished in the solid state shows that 
these are not exceptions; doubtless they are a few 
instances drawn from a large area of chemical phe- 
nomena. 


REACTIONS OF MIXTURES OF SOLIDS, WHICH PROCEED 
SIMILARLY BY THE DRY AND WET METHOD 


For the following experiments reactions were selected | 
that quickly go to completion when a solid, slightly | 
soluble precipitant is added to a water solution of a/ 
salt. In almost all cases the reactions in the solid | 
state were carried out by heating or igniting a mixture 
of the reactants, which by themselves were stable at} 
high temperatures. The reaction mixtures were stirred 
constantly with a platinum wire throughout the) 
heating. This procedure practically precludes any 
involvement of water and the ensuing reaction can/ 
rightly be considered as having occurred directly) 
between the reactants in the absence of any solvent) 
or reaction medium. g 

1. The action of Magnesium Oxide on Anhydrous’ 
Iron (Ferric), Manganese, Copper, Nickel, and Cobalt) 
Sulfates. These sulfates lose all their water of 
crystallization when gently ignited. The resulting 
anhydrous salts are powders. The first three are 
white; nickel sulfate is yellow; cobalt sulfate is violet. 
If mixed with ignited magnesium oxide and heated, with 
stirring, areaction occurs. This is quite rapid with cop- 
per, iron, and manganous sulfates, and slow with 
cobalt and nickel sulfates. The color change is quite 
distinct—to gray-black (CuO, Ni2O;, Co203, MnOz.), 
to brown (Fe.03). The reactions correspond to the 
equations: 


CuSO, + MgO — CuO + MgSQ, 


* The successful production of metallo-organic inner complet 
salts makes it extremely probable that reactions of purely organic 
solids (with low melting points) will likewise be accomplished by 
the dry method. 
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Fe,(SO,)3 + 3MgO — Fe.0; + 3MgSQ, (14) 
MnSQ, + MgO + O— MnO, + MgSQ, 
2Co(or Ni)SO, + 2MgO + O — Cor(or Niz)O; + 2MgSO, 


These changes are qualitatively comparable with the 
results obtained when magnesium oxide is suspended in 
water solutions of these sulfates and air drawn through 
or an oxidizing agent added. Of course, the hydrous 
oxides or higher oxides are produced under these latter 
conditions. In contrast, however, and as was to be 
expected, the thermal reaction is quantitative only 
if a large excess of magnesium oxide is employed. 

The reaction of calcium and barium oxides is en- 
tirely analogous to that of magnesium oxide, but it 
must be noted that it is much more difficult to dehy- 
drate them completely. Zinc oxide does not react with 
the anhydrous sulfates, which again is in line with the 
results obtained by treating water solutions of the 
sulfates with these various oxides. 

2. The Reduction of Solid Insoluble Metal Halides 
by Metallic Zinc. The introduction of metallic zinc 
into a water solution of a salt of a metal that is more 
noble than zinc leads quickly to the deposition of the 
more noble metal. The deposit is usually black and 
pulverulent. The equation for this reduction, fre- 
quently known as “‘cementation,’’ can be written: 


Met* + Zn° — Znt+*+ + Me?® (1) 
(Me = Ag, Cu, Hg, etc.) 


This equation, however, is not a perfectly correct 
representation of the precipitation of the metal from 
an aqueous solution, because the latter never contains 
metal ions, as such, but always the hydrated ions. 
Accordingly, the equation should be written: 


Me(OH:2),+*+ + Zn° — Zn(OH:2),++ + Me° (2) 


Anhydrous ions are present in dissociable metal 
salts only when the latter are in the solid (completely 
Equation (1) is 


valid under such circumstances. It truly represents 


4 the action of solid metal salts (with ionic lattices) or 
> of their melts, but it does not represent the action of 
; zinc with aqueous solutions of metal salts or hydrated 
Cobalt} 
er of] 


ions. 

It can be proved that the action expressed by 
equation (1) actually occurs. The cementation of 
certain solid metal salts by metallic zinc can be ef- 
fected. These reactions constitute a reduction by 
the direct reaction of solids in the absence of a solvent. 
Anhydrous metal halides, not soluble in water, such 
as AgI, Hgle, Cuel2, TII, and HgeCl, are well suited to 
demonstrate this action. The dry powdered halide 
need only be ground with zinc dust at room temperature; 
a deposit of the nobler metal and the formation of 
zinc halide ensues quickly. This displacement can be 
detected both by the change in color of the mixture to 
gray or black, and by the fact that the original dry 
powdery mass gradually becomes sticky. The zinc 
halide formed is responsible for the latter effect; it is 
hygroscopic and takes up moisture from the air. The 


general reaction is 
2MeX + Zn° = 2Me° + ZnX, 
(Me = Ag, Cul, Hg!, H", TI. X = Cl, I) 


Other baser metals, such as magnesium, can be used 
in place of zinc. 

It is remarkable that the cementation of the solid 
metal halides by metallic zinc proceeds even at room 
temperature and at high velocity. This is contrary to 
the usual rule that solids (not sublimable) react only 
gradually in the absence of a solvent, even when heated. 
Two explanations of this come to mind at once. The 
first is that the zinc halide formed according to (1) 
attracts moisture from the air and the water of hydra- 
tion then dissolves a slight portion of the metal halide 
and starts the ionic reaction (2). This would be a 
kind of ‘‘autocatalysis” or a catalytic action of water. 
The second, more plausible explanation is that the 
cementation of solid metal halides by zinc, according 
to (1), involves a reaction of the metal ions of the 
lattice. Consequently, this would be a true ionic 
reaction, which, like that of hydrated ions, proceeds 
rapidly. In contrast, most of the actions of solid 
materials discussed in this paper should be regarded 
as reactions of molecules (or groups of atoms) in mo- 
lecular combination, which require a longer period of 
contact with the other reactant to get started. Evi- 
dence for this view is furnished by mercuric cyanide. 
This salt, though soluble in water, does not ionize. 
It accordingly undergoes no cementation when ground 
with metallic zinc. This is also true of AgCN and 
Cue(CN)s. 

3. The Formation of Color Lakes by the Dry Method. 
Certain hydroxides and oxides of 2-, 3-, and 4-valent 
metals have decided adsorptive powers for some acid 
dyes. In many cases, the formation of the adsorption 
complex (which is water resistant) is accompanied 
by a deepening of the shade or by a color change. 
These adsorption complexes are known as “color 
lakes.’”’ Such systems are produced by the oxides or 
oxyhydrates of magnesium, aluminum, and berylhum 
with certain azo dyes, and with dyes derived from 
alizarin. Diphenylcarbazide and diphenylcarbazone 
(derivatives of urea) produce color lakes with MgO. 
This formation of lakes is the basis of sensitive tests 
for these metals (3). 

It can be shown that certain dyes, which, in water 
or alcohol solution, react with metal oxyhydrates, or 
which form color lakes when the oxyhydrate is pre- 
cipitated in the presence of the dye, can also react 
in the solid state with the anhydrous oxides. In this 
connection, it is worthy of note that those dyes which 
are sublimable or which melt at comparatively low 
temperatures are particularly capable of forming 
lakes rapidly by the dry method when heated with 
oxides of divalent metals. The product is formed at 
temperatures below the sublimation or melting point 
of the dye. It appears that lake formation with 
compounds that have no dyestuff character conforms 
to this same rule (see Table 1). 
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The formation of lakes by the dry method is es- 
pecially rapid with ignited MgO and BeO, whereas 
only slight quantities are produced by ignited Al,Os. 
The influence of the melting point or sublimation 
temperature is plainly visible in the behavior of MgO 
and BeO toward the following lake formers. 


TABLE 1 


Melting Point, Lake Formation 
© 


After 5 Minutes 
Positive at 250°C. 


Organic Lake Former 
Alizarin (1,2-dihydroxyanthraquinone) 290 
Purpurin (1,2,4-trihydroxyanthraqui- 


none) 256 Positive at 200°C. 
Quinalizarin (1,2,5,8-tetrahydroxyan- 
thraquinone) 275 Positive at 200°C. 
p-Nitrobenzeneazo-a-naphthol 234 Positive at 150°C. 
Diphenylcarbazide 163 Positive at 150°C. 
Diphenylcarbazone 157 Positive at 140°C. 
Titan yellow Decomposes 
above 350 Negative at 250°C 


The rapid formation of lakes by the dry method 
with these hydroxyanthraquinones, which can be 
sublimed, or which have relatively low melting points, 
and with diphenylcarbazide and diphenylcarbazone, 
is doubtless due to the following circumstance. The 
temperatures employed are high enough to loosen or 
distort the molecule of the organic lake former suffi- 
ciently to permit rapid adsorption on the solid oxide. 

Ignited TiOs, ZrOz, and ThO: mixed with alizarin, 
purpurin, or quinalizarin show considerable lake for- 
mation at 250°C. or 200°C. within several minutes. 
Consequently, the acid-resistant oxides of the quad- 
rivalent metals behave exactly like the oxides of 
beryllium and magnesium, which are easily soluble 
in acids. On the other hand, ignited Al,O; (as already 
stated) is strikingly inactive. This is in contrast to 
the formation of lakes by the wet method, which, 
without exception, takes place at once with the oxy- 
hydrates of the di-, tri-, and quadrivalent metals. 

The color lakes produced by the dry method some- 
times exhibit a shade differing from that of the ma- 
terial formed by the wet method. The covering 
power of the “dry lakes’’ was found to be satisfactory. 

4. The Formation of Inner Complex Compounds 
by the Dry Method. The production of color lakes by 
the dry method showed that low-melting or sublimable 
organic compounds can form these systems at even 
comparatively low temperatures with the oxides of 
di- or quadrivalent metals. Color lakes are not 
stoichiometrically defined compounds, but the lake 
formation doubtless depends on the ability of the 
oxides and the organic components to form inner com- 
plex salts. Consequently, it is proper to regard color 
lakes as mixtures of oxide (or oxyhydrate) with vary- 
ing quantities of inner complex salt. This points to 
the possibility of producing complex, and particularly 
inner complex compounds with definite formulas by 
the dry method. Organic complex formers which are 
sublimable or which melt at a low temperature would 
seem to be the logical starting materials. In fact, 
it has now been found that the classical example of 
an inner complex salt, namely, red nickel dimethyl- 
glyoxime, can be made by the dry method through the 
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direct action of solid dimethylglyoxime and an in- 
soluble nickel salt. 

Anhydrous nickel cyanide is suitable for this pur- 
pose. Hydrated, insoluble nickel cyanide, Ni(CN).: 
4H,0O, in water suspension, slowly forms the character- 
istic red salt when warmed with an alcohol solution 
of dimethylglyoxime. When the blue-green hydrated 
nickel cyanide, produced by precipitation, is heated 
to 180° to 200°C. it loses all the water, and the anhy- 
drous salt is left as a brown-yellow powder. Neither 
anhydrous nickel cyanide nor the salt dried at 120°C., 
which still contains a little water, reacts with dimethyl- 
glyoxime atroom temperature. If, however, the former 
is heated to about 200°C. and warmed dimethylgly- 
oxime is stirred in, the red Ni-dimethylglyoxime forms 
almost at once. Likewise, a mixture of dry, hydrated 
nickel cyanide, Ni(CN)24H2O, and dimethylglyoxime 
reacts when warmed. 







hydration of the blue-green nickel cyanide (change to 


yellow-brown). 
place between the solid reactants in the absence of a 


solvent: 
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The foregoing production of red nickel dimethyl- i 





glyoxime is one of the most impressive and illuminating } 
examples of the reactivity of solid reactants. It is 
also the first instance of the formation, by the dry 
method, of an inner complex compound. a 

The rapid formation of Ni-dimethylglyoxime from i 
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obviously is due to the fact that dimethylglyoxime| 
melts at 235°C. and therefore is ‘‘activated’”’ at the) 
temperature (180°C.) of the experiment. This leads’ 
to the expectation that the dry method should bef 
successful for producing inner complex compounds) 
from other low-melting or sublimable complex-forming} 
organic compounds. In fact, it has been possible tof 
deform the inner complex compounds shown in Table) 
2 by heating a mixture of the solid reactants. 

Among these instances, the formation of mercuric 
diphenylcarbazide is particularly remarkable, because 
this double decomposition cannot be accomplished 
by the wet method, that is, by bringing together 2 
solution of mercuric cyanide and an alcohol solution 
of diphenyl carbazide. This is an example of the 
reactions to be discussed later, which can be achieved 
by the dry method only. 

5. Double Decomposition of Inner Complex Salts. 
The experiments described in 3 and 4 showed that cer- 
tain color lakes and inner complex salts, which art 
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TABLE 2 


Color 


Green (7) 
Black-violet (20) 
Yellow (24) 
Violet (20) 

Red (22) 

Red (10) 

Red (10) 
Red-violet (8) 
Violet (3, 9) 
Red-violet (6) 
Orange-red (19) 


Product 


Cu-benzoinoxime 
Cu-rubeanate 
Pd-dimethylglyoxime 
Ni-rubeanate 
Ni-furildioxime 
Zn-dithizonate 
Pb-dithizonate 
Ag-p-dimethylaminobenzylidenerhodanine 
Hg-diphenylcarbazide 
Boric ester of quinalizarin 
K-dipicrylamine 


formed rapidly in solution, can also be produced by 
the dry method by heating a mixture of the inorganic 
metal compound and the appropriate organic complex- 
former. These successes led to the expectation that 
inner complex salts would exhibit similar reactivity 
under these conditions. For instance, it was expected 
that they could be transposed into other inner complex 
salts, or that they would acquire solubility in acids. 
Trials demonstrated that certain inner complex salts 
of nickel, copper, cobalt, and zinc are transformed 
into more stable inner complex salts if they are heated, 
in the absence of a solvent, with stronger complex- 
formers. Furthermore, it has been found that inner 
complex salts can be converted into the corresponding 
oxalates by the dry method. It is merely necessary 


) to heat the salt with anhydrous oxalic acid. 
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Transpositions shown in Table 3 were accomplished 
by heating a mixture of the anhydrous reactants. 


CuSO, (anhydrous) + benzoinoxime (m. p. 163°C.) 
CuSO, (anhydrous) + rubeanic acid (subl.) 
Pd(CN)s + dimethylglyoxime (m. p. 235°C.) 
Ni(CN): (anhydrous) + rubeanic acid (subl.) 
Ni(CN)s (anhydrous) + furildioxime (m. p. 248°C.) 
ZnO + dithizon (m. p. 150°C.) 

PbCl: + dithizon (m. p. 150°C.) 

AgCN + -dimethylaminobenzylidenerhodanine (m. p. 240°C.) 
Hg(CN)s: + diphenylcarbazide (m. p. 163°C.) 

B3:03 + quinalizarin (m. p. 275°C.) 

KCl + dipicrylamine (m. p. 238°C.) 


Approximate 
Temperature, °C. 


150 
150 
200 
150 
150 
120 
120 
200 
150 
250 
210 


Reactants 


Anhydrous oxides, carbonates, and sulfides of other 
metals likewise are not affected when heated with 
anhydrous oxalic acid. 

6. The Action of Manganese Dioxide on Insoluble 
Metal Iodides. The addition of manganese dioxide 
to acidified solutions of metal iodides releases all of the 
iodine: 

MnO, + 2I- + 4H*+ — Mn*+ + 2H,0 + I, 


Neutral solutions react in the same way, but part of 
the iodine is oxidized to hypoiodite and iodate. 

Water suspensions of insoluble metal iodides (AglI, 
Hgls, PbIe, Cusl2, TII) do not react uniformly toward 
manganese dioxide. Those iodides that are fairly 
soluble in water (PbIz, T1I) produce considerable 
quantities of iodine when the suspension is boiled with 
manganese dioxide. AgI, Hgle, and Curl, remain 
unchanged under these conditions. The action of 


TABLE 3 


Color 


Red 
Red 
Red 
Violet 
Blue 
Blue 
Blue 
Blue 
Violet 
Violet 
Violet 
Green 
Green 
Violet 
Red 
White 


Product 


Ni-dimethylglyoxime 
Ni-dimethylglyoxime 
Ni-dimethylglyoxime 
Ni-rubeanate (20) 
Ni-oxalate 
Ni-oxalate 
Ni-oxalate 
Ni-oxalate 
Cu-rubeanate 
Cu-rubeanate 
Cu-rubeanate 
Cu-oxalate 
Cu-oxalate 
Co-oxalate 
Zn-dithizonate (10) 
Zn-oxalate 


The changes are easily recognizable through the altered 
color. Rapid and complete reaction occurs in all cases 
at 150° to 200°C. It is rather remarkable that the 
foregoing double decompositions proceed quickly and 
to completion at temperatures as low as 150° to 200°C. 
A prime factor obviously is that all these reactants 
melt or sublime at relatively low temperatures (below 
300°C.). Consequently the intermolecular linkages 
of the solid phase are weakened and the reactants are 
activated at the temperature employed. This hy- 
pothesis is supported especially by the ease with which 
copper and nickel oxalate are formed from the inner 
complex salts of these metals. Inorganic, acid- 
soluble compounds of nickel and copper, which with- 
out exception can be activated only at higher temper- 
atures, do not metathesize with oxalic acid. They 
remain unaltered, while the oxalic acid sublimes away. 


Dimethylglyoxime + Ni-oxime (1) 
Dimethylglyoxime + Ni-benzoinoxime (7) 
Dimethylglyoxime + Ni-salicylaldoxime (4) 
Rubeanic acid + Ni-oxime (/) 

Oxalic acid + Ni-dimethylglyoxime 
Oxalic acid + Ni-furildioxime (22) 

Oxalic acid + Ni-benzoinoxime (7) 

Oxalic acid + Ni-salicylaldoxime (4) 
Rubeanic acid + Cu-oxime (/) 

Rubeanic acid + Cu-benzoinoxime (7) 
Rubeanic acid + Cu-quinaldinate (21) 
Oxalic acid + Cu-benzoinoxime (7) 
Oxalic acid + Cu-salicylaldoxime (4) 
Oxalic acid + Co-anthranilate (//) 
Dithizon + Zn-quinaldinate (2/) 

Oxalic acid + Zn-dithizonate (10) 


Color 


Yellow 
Salmon 
Bright green 
Yellow 

Red 

Red 

Salmon 
Bright green 
Yellow 
Green 
Blue-green 
Green 
Yellow-green 
Salmon 
White 

Red 


Reactants 


MnO; is much more energetic when a mixture of the 
dry materials is heated to about 370°C. All the io- 
dides, except one, react rapidly and give off iodine. 
(The exception is HglI: which sublimes and thus 
escapes from the field of action.) Consequently, the 
reactions 


Mel; + MnO, + MnO + MeO + I; 
(Me = Ag, Pb, TI, Cu!) 


have been accomplished in the absence of a solvent. 
In the cases of PbI, and TII, the behavior corresponds 
exactly to the action of the wet method. With 
AgI and Cwl2, the action, however, can be accom- 
plished solely by the dry method. 

It is probable that the energetic attack of solid 
MnO; on solid iodides at elevated temperatures is 
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related to the fact that MnO., when heated above 
540°C. is known to decompose: 


3MnOQ, — Mn;Q, + O2 


The temperature (370°C.) used here is not sufficient 
to bring about this decomposition or only to a very 
slight extent. However, this suffices to ‘‘excite’’ the 
MnO; so that it reacts more rapidly on contact with 
solid iodides. 


REACTIONS THAT OCCUR ONLY IN MIXTURES OF THE 
SOLID REACTANTS 


This class of reactions includes particularly such 
changes as cannot be achieved by the wet method 
because of the slight solubility in water of the re- 
actants and reaction products. Most instances are 
addition reactions, that is, the direct union of the 
reactants to form salts. The great influence of heat 
is noteworthy when addition reactions are accomplished 
in the dry way. It is frequently necessary to use 
strong ignition to achieve the union, particularly of 
reactants that withstand such temperatures. On the 
other hand, low-melting or sublimable compounds 
combine at strikingly low temperatures. 

7. The Union of Solid Acidic and Basic Oxides. 
An excellent example of the fact that materials react 
in the same manner whether they are dissolved or in 
the solid form is furnished by the union of acidic and 
basic oxides to form salts (neutralization). However, 
some acidic and basic metal oxides are so insoluble 
that salt formation is not possible by the wet method. 
Such cases demonstrate forcefully the significance 
of the reactivity of solid materials because such oxides 
do not form salts except when a mixture of the two 
oxides is heated. In other words, the dry method is 
the only feasible procedure. Perfectly anhydrous 
oxides can be used; extensive union can be achieved 
by heating at 600° to 800°C.—temperatures that are 
below the melting points of the oxides and of the salts 
produced. This type of “salt formation by sintering”’ 
is shown in a striking fashion if the color of the salt 
differs from that of the mixed oxides. The following 
reactions, which are accomplished by brief ignition 
of a mixture of the solid oxides, are pertinent examples: 


WO; (y) + ZnO (w) —~ ZnWQ, (w) 
WO; (y) + MgO (w) ~ MgwQ (w) 
WO; (y) + CdO (b) > CdWO, (w) 
V0; (b) + ZnO (w) — Zn(VO3)2 (w) 
MoO; (w) + PbO (y) — PbMoQ, (w) 
MoO; (w) + CdO (b) —- CdMoQ, (w) 
(w = white; y = yellow; b = brown) 
The reaction of MnO: with WO; or MoO; is particu- 
larly striking. When the chocolate-brown mixture of 
these oxides is heated and stirred it becomes almost 


white because of the formation of MnW0O, or 
MnMo0,: 


MnO, oa WoO; > MnwQ, 1/02 
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MnO, > MoO; oo MnwoO, + 1/,02 


These equations are only summations. The actual 
course of the reaction is as follows: On ignition MnO, 
produces black-brown Mn;0,: 


38Mn0O, —> Mn;O, + O, 


The latter oxide behaves as though it were an ad- 
dition compound 2MnO-MnO:. Accordingly, the WO; 
(or MoOs;) extracts the MnO, which of itself is not 
heat-stable: 


MnO + WO; > MnWO, 


The residual MnO, again decomposes with evolution 
of oxygen. In the presence of an excess of the acidic 
oxide the consumption of MnO and decomposition of 
MnO: continue until all of the manganese has been 
converted into white MnWQ, or MnMoQ,. 

8. The Union of Oxides of Divalent Metals with 
Pyrophosphates or Pyroarsenates of Divalent Metals. 
The experiments described in 7 demonstrate that 
salts can be formed in the absence of a solvent by the 
direct union of solid insoluble oxides. Certain solid 
insoluble pyrophosphates and pyroarsenates likewise 
unite with basic oxides and thus simulate free acidic 
oxides. The action can be seen easily if a mixture 
of pyrophosphate, or pyroarsenate, with a colored | 
metal oxide is heated and stirred. The color of the 
oxide disappears rapidly when an excess of the pyro- | 
salt has been used. The union of magnesium pyro- 
phosphate and cadmium oxide can be represented: | 


Oo 
fu™ 
O—P—O—Mg 


im 
O=P—O—Mg 
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O + CdO — oO 
r % 
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Oo O 
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O=P—O—Mg 
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(white) (brown) (white) 


The corresponding white zinc or manganous salts 
can be used in place of Mg2P:0; or Mg2As,0;. PbO, 
PbO2, MnO:2, CoO, and CuO react similarly to CdO. 
In the case of CoO and CuO the ignited mixture is 
not colorless but assumes the color of the cobalt or 
the copper salt, respectively. 

The union of divalent metal oxides with the pyro- 
salt is observed most clearly when a chocolate-brown 
mixture of MnO: and pyrophosphate (or pyroarsenate) 
is heated. The MnO, is converted into Mn;O, and 
the latter furnishes MnO to form the white manganous 
salt. The residual MnO, is again transformed into 
Mn;Q,, as described in the preceding set of experi- 
ments. 

Hedvall and Heuberger (15) have shown that 
alkaline-earth oxides unite with pyrophosphates. These 
reactions, in contrast to the experiments given here, 
cannot be established directly through a color change. 





ution 
acidic 
on of 

been 


with 
fetals. 
that 
yy the 
solid 
cewise 
acidic 
ixture 
plored 


of the | 
pyro- f 
pyro: j 
ented: | 


January, 1944 


It is noteworthy that a yellow mixture of equivalent 
quantities of ZnzP2,0; and CdO, for instance, entirely 
loses its color after 30 minutes’ ignition and stirring. 
Consequently, complete reaction has occurred to form 
the tertiary phosphate. 

Tertiary phosphates and arsenates of divalent metals 
can thus be obtained from pyrophosphate and pyro- 
arsenate by “‘sintering.’”’ These products cannot be 
prepared by the wet method. The general reactions 
are 


Me2P20; + Me’0 —> Me2Me’(PO,)2 
MezAs,0; + Me’O — Me:Me’(AsO,)2 


The oxides of trivalent metals are without action 
on solid pyrophosphates and pyroarsenates under the 
conditions used in the present experiments. 

9. Formation of Silicates by the Dry Method. The 
union of insoluble metal oxides and silica, because 
of the insolubility of the reactants, does not take place 
at all by the wet way or only at an immeasurably low 
rate. However, it is well known that this union is 
accomplished easily in melts. A familiar instance is 
the preparation of glass. However, silicates can be 
formed by merely heating a mixture of the metal 
oxide and silica, since the union occurs, in part at least, 
at temperatures below the fusion point. 

This can be demonstrated simply in the case of 
brown cadmium oxide (m. p. 1000°C.) and yellow lead 
oxide (m. p. 900°C.). When one of these oxides to- 
gether with an excess of silica is heated in a porcelain 
crucible over a free flame until the crucible becomes red- 
hot (about 700°C.), silicate is formed in about 1 hour. 


» The brown-yellow or yellow mixture becomes colorless 
since CdSiO; and PbSiO; (or the corresponding poly- 
») silicates) are colorless (13). 


Higher melting oxides such as CoO (m. p. 1800°C.), 


S NiO (m. p. 2000°C.), and Mn;O, (m. p. 1560°C.) 


exhibit no analogous action. The reason for the 


) diverse behavior of the metal oxides obviously is that 
a temperature of 200° to 300°C. below the melting 
) point is enough to excite or loosen the oxide molecules 
j of the lower melting CdO and PbO so that they unite 


with the SiO, molecules. In contrast, the temper- 
ature (700°C.) used here is not sufficient to attain the 
same effect with the more difficultly fusible CoO, NiO, 
and Mn;O,. Silicate formation cannot be expected 
in these cases until temperatures are reached that lie 
closer to the respective melting points (16). 

10. The Transposition of Lead Sulfate and Barium 
Carbonate. A double decomposition between lead 
sulfate and barium carbonate suspended in water 
can be expected because barium sulfate has the smallest 
Solubility product of the four materials concerned. 
Strictly speaking, it is the dissolved portions of these 
salts that react: 


PbSO,; + BaCO; — PbCO; + BaSQ, 


This transposition cannot be established directly, 
since neither of the initial materials nor either of the 


‘3 products is soluble in water, and all are white. 
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If, however, a mixture of finely pulverized lead sul- 
fate and barium carbonate is heated to a dull red, 
with stirring, in a porcelain crucible, a reaction can 
be observed easily because the mixture turns bright 
yellow. The color is due to the fact that the lead 
carbonate formed decomposes into CO, and yellow 
PbO at even 315°C. On the other hand, BaCO; is 
partially decomposed at this temperature into CO, 
and BaO. Consequently, PbO results not only from 
the primary reaction, but also from: 


PbSO, + BaO — BaSQ, + PbO 


11. The Acceleration of the Oxidative Decomposition 
of Cuprous Iodide by Zinc Oxide. When white cuprous 
iodide is heated in the air, iodine is liberated and black 
cupric oxide is formed: 


Curl, oa O2 — 2CuO a I; (8) 


This oxidative decomposition is exceedingly slow at 
moderate temperatures. For instance, when cuprous 
iodide is kept at 250°C. for 5 hours, the white color is 
not altered and practically no decrease in weight can 
be found. On the other hand, if a white mixture of 
cuprous iodide and zinc oxide is heated to 250°C., 
a distinct gray, that gradually deepens to a black on 
stirring, will be seen within a few minutes. (One 
gram of Cuel2 lost only 0.8 mg. when kept at 250° for 
5 hours. In contrast, a mixture of 1 g. Cusle and 1 g. 
ZnO under these same conditions lost 75 mg. The 
corresponding losses after 1 hour were 0 mg. and 19 
mg.) If the gray or black product is digested with 
water, the filtrate contains neither I~ nor Zntt ions. 
Consequently, the reaction does not take the expected 
course: 


CuI; + ZnO + O— 2Cu0 + Znl, (4) 


Obviously zinc oxide accelerates reaction (3), namely, 
the action of atmospheric oxygen on Cuple. 

It is likely that the hastening of the oxidative de- 
composition of cuprous iodide is due to the fact that 
both Cuelz and ZnO are excited by the rise in tem- 
perature. Evidence for this is furnished by the 
familiar observation that these white compounds 
turn yellow when heated; the color fades on cooling. 

This is an interesting case of catalysis in which 
both the catalyst (ZnO) and one of the participants in 
the catalyzed reaction (CurI2) are solids. All known 
cases of catalysis in homogeneous systems are inter- 
mediate reaction catalyses, that is, they involve the 
intermediate formation and action of compounds of the 
catalyst. If the hastening of the oxidative decomposi- 
tion of cuprous iodide by zinc oxide is formulated as an 
intermediate reaction catalysis, the following sequence 
of reactions appears possible. The primary reaction 
(a) assumes the labile union of oxygen with ZnO 
(moloxide formation). In the secondary reaction (d) 
the moloxide reacts with Cusle, forming CuO. The 
ZnO is regenerated and the iodine is liberated. Sum- 
mation of (a) and (d) gives (3), which represents the 
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oxidative decomposition of CuzIz, and in which the 
catalyst does not appear as a reactant: 


O 
ZnO + O, > ZnO" || (a) 
‘Oo 


CuI, + ZnO-O, > 2CuO + ZnO + I, (b) 
CuI, + O02: > 2Cu0 + I: (a + 5) = (8) 

As a rule, minimum quantities of a catalyst suffice 
to raise the reaction rate in homogeneous systems, 
particularly in solutions. In the present case, con- 
siderable quantities of zinc oxide are necessary to 
accelerate the oxidative decomposition of Cuple. 
The reason is that the reaction sequence, just given, 
requires not only the formation of a moloxide of zinc 
oxide (a) but also contact of the moloxide with solid 
Curl. (6). However, in solution or in gas reactions, 
both, or at least one, of the reactants have a mobility 
that is lacking here. The consequence is that larger 
quantities of catalyst are required in the reaction of a 
mixture of solids. 

12. The Action of Selenium on Mercuric and Silver 
Cyanides. Among the reactions that can be ac- 
complished only by heating a mixture of the solid 
reactants is the action of free selenium on the cyanides 
of mercury and silver. The reactions are 


Hg(CN)2 + Se — HgSe + (CN): 
2AgCN + Se — Ag:Se + (CN): 


The formation of the selenides is easily discernible 
because the gray mixtures of selenium with the re- 
spective cyanides turn deep black even after only a 
brief heating at 100° to 180°C. The rapid reaction is 
probably due, in part, to the fact that the reaction 
temperature is not much below the melting point of 
mercuric cyanide (275°C.), silver cyanide (325°C.), 
and selenium (220°C.). Consequently, excited or 
loosened molecules of the reactants are available. 
Furthermore, it is likely that the first step consists 
of addition of selenium to form selenocyanide. This 
then decomposes: 


Hg(CNSe): — HgSe + (CN): + Se 


Evidence for this sequence of actions is provided by 
the following observation. If the mixture of mercuric 
cyanide and selenium is heated to 250°C. more rapidly, 
the material puffs up and forms masses quite like the 
Pharaoh’s serpents that result when mercury thio- 
cyanate is heated. 

An analogous transformation of Hg(CN): into HgS 
can be accomplished by heating a mixture of mercuric 
cyanide and sulfur to about 200°C. At this temper- 
ature, in contrast to the action of selenium, the re- 
action is not between two solids, but molten sulfur is 
involved. 

13. The Double Decomposition of Thallium Iodide 
and Silver Chromate. Vi thallium iodide and silver 
chromate are suspended in water and kept at the 
temperature of a boiling water bath and shaken oc- 
casionally, no noticeable change in the color of the 
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suspension can be seen even after several hours. 
Consequently, the reaction 


Ag,CrO, + 2TIT — 2Agl + TI,CrO, 
(red) (yellow) (yellow) (yellow) 


which might be expected to occur because of the 
very low solubility of AgI, proceeds hardly at all. 

On the other hand, a mixture of the dry salts heated 
for a short time at 250°C. and stirred occasionally 
shows a very decided lightening of color. This indi- 
cates the conversion of AgeCrO, into AgI. Heating 
a mixture of the solid reactants therefore brings about 
a much quicker transposition than occurs in water 
suspension, where a reaction can take place only 
through the fractions of the reactants that are in 
solution. 
TII (m. p. 431°C.) is activated at 250°C. and so acts 
rapidly when it comes into contact with silver chromate. 
Thallous iodide is among those compounds whose color 
deepens considerably when they are heated (2). It is 
bright yellow at room temperature and brick-red at 
250°C. The original color returns on cooling. 


14. The Union of Mercuric Iodide with Cuprous fi 
When white insoluble cuprous f 


Iodide or Silver Iodide. 
iodide is added to solutions of mercuric salts, a red 
crystalline precipitate is formed: 


2Cu.I2 a Hgt* => HgCul, + Cutt 


The product has the composition just given or it mayf 
The complex > 


be the isomeric compound CusHgl,. 
mercuric-cuprous iodide becomes black when heated 
to 75°C.; the original red color is resumed on cooling. 
Silver salts and potassium mercuric iodide also 
give a complex iodide: 
2Ag* + Hgl,~ — AgeHgl, 


This compound turns deep red at 45°C. and recovers its 
yellow color on cooling. These and other temperature- 
variable double iodides are rather well known. The 


reversible color change is probably due to a shift of thef 


atoms on heating and cooling. 
Both HgCuel, and AgsHgI, can be considered as 


addition compounds of insoluble metal iodides, which} 


by themselves are stable. Consequently, it is reason- 
able to expect that the solids would react 


Hgl, + Cul: —-> HgCul, 
Hgl; + 2AgI > AgsHel, 


and produce the same temperature-variable double 
iodides that are formed by the wet method. The fol- 
lowing experiments bear out this expectation. The 
union of the solid iodides is accomplished within a few 
minutes at even the temperature of boiling water. 
The rapid formation of the double iodides by the dry 
method probably rests on the fact that HgI, melts 
at 253° and has a transformation point (red=—yellow) 
at 130°C. Consequently, at the temperature use 
here, its crystal lattice is loosened enough to permit 4 
rapid union with other iodides. 


(Continued on page 32) 
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A Periodic Table Based on Atomic Number 


and Electron 


Configuration 


Where to Place Th, Pa, and U in the Table 


JOSEPH A. BABOR 
College of the City of New York, New York City 


W F. LUDER presented a periodic table based on 

* electron configuration in the JOURNAL OF CHEMI- 
caL EpucaTION (January, 1943) in which the order of 
atomic numbers is interrupted. The table presented in 
this article is a modification of Luder’s. It is not neces- 


> sary to interrupt the order of atomic numbers; in fact 


there is much to be gained by retaining it, for it is then a 
simple matter to follow the change in electron configu- 
ration as one proceeds from one element to the next, 
without skipping around the table. 

The complete electron configuration for each element 


is given by the figures in the vertical column at the right 
of the symbol; the energy levels are indicated at the 
left of the first element of each series. The atomic 
number appears above the symbol. 

There are 32 columns in this table. The first 8 in- 
clude the Representative Elementg; columns 9-18 con- 
tain the Related or Transitional Metals; and columns 
19-32 make up the Rare Earth Elements. The number 
at the top of each column represents the number of 
electrons in the energy level where the differentiating 
electron islocated. In the first class, the representative 
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elements, the differentiating electron is in the highest 
energy level; hence the column number indicates the 
number of electrons in the highest energy level of the 
elements in the respective column without exception. 
In the second class, the related metals, the column num- 
ber represents the number of electrons in the second 
from the highest energy level; M in the 4th period, N 
in the 5th, O in the 6th, and P in the 7th period. To 
further indicate this a double-line border encloses the 
series in this class. Examination of the chart shows 
that there are a few exceptions to this rule, 7. e., Cr, 
Cu, Cb, Mo, Ru, Rh, Pd, Ag, Ir, Pt, and Au. In the 
third class, the rare earth elements, the column number 
indicates the number of electrons in the third from the 
highest energy level, N in the 6th period, with no ex- 
ceptions. This is also shown by the triple-line border. 

In this chart the tlements in a given period are not 
separated as in the Luder Chart, yet it has all the ad- 
vantages of the Luder arrangement. 

A glance at the chart shows a similarity in arrange- 
ment for periods 2 and 3, and another for 4 and 5. 
Note particularly the sequence and positions of the 
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elements in periods 4 and 5. The gap in the atomic 
number sequence in the first class, 20 to 31 and 38 to 
49, is filled by the series in the second class. 

When we consider period 6, the large gap, 56 to 81, 
in atomic number sequence in the representative ele- 
ments makes allowance for the interrrupted series in 
the related elements, which also has a gap (57 to 72) 
that in turn allows for the series in the rare earth ele- 
ments. It would appear from the form of the table 
that there should be a repetition of this double inter- 
ruption in period 7. Perhaps the elements Th, Pa, 
and U are out of place and should be placed in the 
third class, the rare earth elements, under Ce, Pr, and 
Nd, respectively.! In this way period 7, although in- 
complete, would follow tbe same pattern as period 6 
and carry out the general plan of the chart. This 
would mean that the electron configurations would 
have to be changed to Th, 2, 8, 18, 32, 19, 9, 2; Pa, 
2, 8, 18, 32, 20, 9, 2; and U, 2, 8, 18, 32, 21, 9, 2. 


1 VILLar, “‘A suggested revision of the position of thorium in the 
fourth period of the periodic table,’’ J. Cuem. Epuc., 19, 329 
(1942). 





Two Mnemonics: 


[Key to Eight Mass-Action Formulas] 


CHARLES J. HEIMERZHEIM 
Brooklyn College of Pharmacy of Long Island University, Brooklyn, New York 





x = VcK 


[Basic Mnemonic Formula] 





z= VcK ton 


| 

Y Y 

x= VcKA < a Voz: 
(1) (2) (3) 


{Basic Mnemonic Formula] 





Y 


NES 
a= 


= 
| 
| 
be 
.- yi 


(5) (6) (7) 


| 
| 
| 
| 
Ne 
ile 
c 


x = [H*] of a 
solution of a uni- 
uni weak type 
acid, ¢. g., acetic 
acid 





x = [OH~-]ofa 
solution of a uni- 
uni weak type 
base, ¢. g., a solu- 
tion of NH3 





x = [OH-]ofa 
solution of a uni- 
uni salt, the 
anion of which 
is hydrolyzed, 
e. g., NaAc 





x = [H+] of a 
solution of a uni- 
uni salt, the 
cation of which 
is hydrolyzed, 
e. g., NHiCl 





degree of 
ionization of a 
uni-uni weak 
type acid, e¢. g., 
acetic acid 


a= 





degree of 
ionization of a 
uni-uni weak 
type base, e. g., 
a solution of 
NH; 


a= 





a = degree of 
hydrolysis of the 
solute in a solu- 
tion of a uni-uni 
salt, the anion of 
which is hydro- 
lized, e. g., NaAc 





a = degree 0 
hydrolysis of th 
solute in a solu 
tion of a uni-us 
salt, the cation 0 
which is hydro 
lized, e. g., NHiG 





Note: 
Note: 


and bases do not contain Kw.] 
The eight formulas can be used with satisfactory results when ¢ isfnot less than 10~* mols./L (not more than 1 mol./L); and when the value ¢ 


Note: 


¢ = stoichiometric concentration, in all of the eight formulas developed above. 
That Kw is contained in those formulas covering solutionsfof uni-uni salts which hydrolyze. 


These facts constitute an additional memory help. 


Ka or Kp (whichever is involved) is not more than 1 X 107-4. 


[Formulas covering solutions of uni-uni weak acid 
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Fields for 


NOWLEDGE of the constitution of matter has 

now progressed so that we may be able in prin- 
ciple to compute from elementary considerations the 
properties of a gross material. If we could formulate 
and carry out the necessary laborious calculations, we 
could calculate, for instance, the tensile strength of 
any material and would find it in accord with the 
strength found on testing. 

Except for a few ideal simple cases, such as the prop- 
erties of gases or ultimate densities, no methods are 
yet known to do the calculations properly. However, 
attempts are made to calculate such properties as, for 
example, the tensile strength of materials. To do so, 
assumptions have to be made, and if the computed 
answer is wrong, it means that the problem has been 
oversimplified, in order to permit calculation. Even 
when the figure so predicted differs from that measured, 
we have nonetheless made some advances; we have 
found a measure of the magnitude of the factors ig- 
nored, and, if these factors are not intrinsic, we have 
found a limit toward which we might hope to improve 
the value of the property by eliminating the disturbing 


secondary influences. 


plete. 


For some properties our knowledge is virtually com- 
From what is known of atomic: structure, no 


manifold increases in the density of solids can be ex- 


spected under conditions of pressure and temperature 


obtaining on the earth. However, experimental pres- 
Ysures up to 1,000,000 psi (pounds per square inch) 
have produced néw forms of some materials such as a 
@black phosphorus, and a carbon bisulfide which re- 


Wmains solid even at ordinary pressures. 


In white 


Fdwarf stars theory predicts, and astronomers find, 
@matter weighing 1800 pounds per cubic inch and more. 


However, for the tensile and shear strengths of solids, 


4 properties of great practical importance, simple calcu- 
lations indicate in virtually every instance values 


undreds of times larger than those obtained by test. 


3 This is true for brittle materials, for crystalline and 


amorphous substances, for metals or ceramics. 


Ac- 
ording to the present understanding, the molecular 


Wtructure of metals suggests a tensile strength in the 


Kw 

Ke-¢ 
(8) 
degree © 
ysis of thi 
in a solu 
fa uni-ud} 
1e cation 0 
is hydro 
 B-s NHG 


$$ 


weak acids 


he value © 


millions of psi, yet in most applications metals 
ust be designed to withstand not more than a few 
housand psi. By calculating the strength of the 


Melectrical forces acting across a single plane through an 


deal crystal of common salt, a tensile strength of 
about 280,000 psi is obtained. A tensile test under the 
sual conditions shows less than 1 per cent of this 
value. The discrepancy is probably due to the falsity, 
n the calculation, of the assumption of uniform loading 
bf the bonds in the crystal, but it may be that the metal 
br crystal could be so made that this condition would 
be approached. 

Materials in masses large enough to test are never 
bbtained free of discontinuities. Dissolved or undis- 
solved gases tend to collect in tiny pockets or around 
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solid impurities; crystals which appear perfect opti- 
cally may have planes of weaknesses or regions of atomic 
dislocation; corrosion or manufacturing processes may 
introduce surface flaws or irregularities. At the apex 
of a discontinuity, stresses build up which are far be- 
yond the mean stress on the material. The material 
fails locally, the crack spreads, the stress continues 
high at its root, and the specimen breaks, not all at 
once as appears to the eye, but atom by atom, so to 
speak. In the case of plastic crystals—metals, for ex- 
ample—where one might imagine that the material 
would yield and thus relieve local strains, the theory is 
proposed that in particles of any size there will always 
be found many atoms which are displaced from their 
ideal place in the lattice characteristic of that material. 
These atoms therefore lack the stability that comes 
from a balance of forces between them and neighboring 
atoms. Thus, a shear force, far less than that required 
by theory to move an entire plane of atoms, may be 
quite sufficient to move an unstable atom into a posi- 
tion of greater stability. The atom next to it now be- 
comes a ‘“‘center of dislocation’’; if the force persists, 
that also moves until finally an entire plane has slipped 
or “‘glided’’ to failure. 

Large increases (up to 100 times) in the tensile 
strength of rock salt crystals have been reported when 
the sample was tested in hot water and in salt solutions 
rather than in the air. The liquid environments ap- 
parently tended to heal or at least reduce the effect of 
surface flaws. When glass of high purity and as free 
as possible from gases is drawn into very thin fibers, 
these fibers will consistently show tensile strengths of 
over 2,000,000 psi. Strengths up to 3,500,000 psi have 
been recorded, about 25 per cent of the estimated ulti- 
mate. The vigorous drawing the fibers experience 
stretches out the discontinuities in a manner which re- 
duces their effect on a tension test, and it is worthy of 
note that long fibers are, on the average, not so strong 
as short fibers, for the probability of encountering a 
serious discontinuity obviously increases with the length 
of the specimen. Mica normally shows a tensile 
strength in the neighborhood of 40,000 psi, but when 
clamped in a manner eliminating the effects of the 
cracks always found in the edges of a sheet of mica, 
the strength was reportedly increased to 10 times that 
figure. 

How far we can go toward attaining these “‘ulti- 
mate’’ strengths is now unknown, but the concept is 
valuable in clarifying the work to be done. Even 
though with extended knowledge of the theory we 
might calculate much lower ultimate strengths, the 
practical potentialities are still great. Increasing the 
strength of materials by even 10 times would do far 
more to eliminate dead weight and unnecessary labor 
than would the use of the lightest possible metals or 
other structural materials such as wood or plastics.— 
Industrial Bulletin of Arthur D, Little, Inc. 
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pare are producing enough food to meet mili- 
tary and Lend-Lease requirements and to provide 
civilians with a nutritious diet containing enough of all 
the essentials with the single exception of riboflavin, 
the Office of War Information has reported on the basis 
of data from the War Food Administration. If the 
food were distributed evenly and without loss of food 
value, a person could have on the average every day: 


3240 calories, but needs only 2800 for energy; 

93 grams of proteins, but needs only 66 to build 
tissues; 

960 milligrams of calcium, but needs only 900 to keep 
teeth and bones sound (a milligram is a thousandth 
of a gram, and 98 grams equal 1 ounce) ; 

14.7 milligrams of iron, but needs only 12 to make 
blood; 

6500 International Units of vitamin A, but needs 
only 4700 to keep eyes, skin, and body linings 
healthy; 

2.2 milligrams of thiamin, or vitamin B;, but needs 
only 1.6 for the nerves and to help the body as- 
similate sugar and starch; 

2.14 milligrams of riboflavin, but requires 2.3 to aid 
the cells of the body use oxygen carried to them by 
the blood; 

18.8 milligrams of niacin, but needs only 16 milli- 


grams of this nutrient, which prevents pellagra, a 
disease of the skin and nervous system; and 

95 milligrams of ascorbic acid, or vitamin C, but needs 
only 70 to help hold body cells together. 


e WPB note: It should be made plain to consumers 
that supplies of iridium are still available for a sub- 
stantial portion of the total magneto contact require- 
ments, and that allocations of new iridium supplies 
will be continued for this purpose. 

Use of ruthenium in jewelry manufacture, still per- 
mitted, is under curtailed control through the jewelry 
order which limits the use of palladium, with which 
ruthenium is alloyed. 

The rhodium supply position has eased materially 
over the past eight months, and it is possible that some 
platinum may be saved by using a higher percentage of 
rhodium in the gauzes used in nitric acid manufacture. 
It is not considered advisable at this time to release pres- 
ent restrictions in the use of this material for nones- 
sential purposes. 

It is hoped that the comfortable supplies of palladium 
might be used as a substitute for some of the platinum 
uses wherever possible. 

Slightly reduced supplies coupled with greatly ex- 
panded requirements in the electronic and fiberglass 
manufacturing fields indicate the need of conserving 
this metal in every presently permitted use, all of 
which are in the essential category, and of instituting 
closer control over its use and distribution. 


e@ Cork is a war essential, and this country is depend- 
ent on the Mediterranean area for its supply. 

Before Pearl Harbor the critical outlook for cork was 
realized. Steps were taken to accelerate imports, and 
its use was placed under restriction. The Government 
in cooperation with industry was so successful in these 
efforts that there is a supply of raw cork in this country 
sufficient to take care of all essential needs over a long 
extended period. Cork is now being used as a substi- 
tute for other materials which have since become criti- 
cal. 

In the meantime the Mediterranean area has been 
cleared of enemy influence to an extent that the sources 
of cork supply are no longer in jeopardy. Practically 
all restrictions on the use and sale of cork have been re- 
moved, and Government and industry are entering into 
the orderly liquidation of excess reserve supplies. 


e@ War-induced advances in the use of tin-saving elec- 
trolytic tin plate indicate that the so-called “‘conserva- 
tion plates’’ will find considerable postwar application 
in containers for nonprocessed foods. 

Electrolytic plate, now being used in making many 
wartime cans, is produced by electrochemical processes 
which deposit a coating of tin on sheets of steel. It can} 
be produced with minute quantities of critical tin as [J 
compared with the standard hot-dipped tin plate made 
by dipping the sheets in a molten bath, and the tin 
coating can be varied in accordance with the specific 
requirements of the product to be packed. 

As for the place of electrolytic plate in the postwar} 
period, it is expected that electrolytic plates will meet 
wide acceptance in containers for coffee, biscuits, short- 
enings, and similar nonprocessed and noncorrosive 
products. Whether or not the conservation plates will 
be used in containers for processed foods, such as fruits 
and vegetables, probably depends on what further re- 
search reveals regarding the minimum weight of tin 
coating which will be required to give a service life equal 
to that of hot-dipped tin plate, and whether such coat- 
ings can be applied more economically by electrodepo- 
sition or hot dipping. 


@ The Koppers Company (Wood Preserving Division, 
Pittsburgh, Pennsylvania) has issued an attractive 
booklet entitled ‘‘Economical and Permanent Con- 
struction with Pressure-treated Wood,” from which we 
make the following quotation: 


“Wood is one of the oldest of structural materials, and its 
many natural advantages have led to its continued use throug! 
countless centuries. It is as strong, pound for pound, as steel. 
It can be readily worked with simple tools. It lends itself wel 
to prefabrication. Structures built of it can be easily expanded 
or altered at any time. It has a high salvage and reuse value. 
It is economical. It is almost always available. It will not 
rust or spall. It is low in first cost and maintenance. And—- 
through proper pressure treatment—all these advantages art 
supplemented by permanence.” 
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e Mineral oil was pressed into service by the RCA 
Chemical Engineering Section when it was found that 
the wax ordinarily used to impregnate radio coils would 
flow when too hot and crack or crystallize when too 
cold, all within the extremes of temperature at which 
these coils would be required to function. Either 
failure would expose the wires to moisture, adversely 
affecting the electrical properties of the coils. 

The problem was solved with the development of a 
new impregnating agent, made from mineral oil and 
cumar resin, ‘which will withstand both extremes of 
temperature without loss of its protective characteris- 
tics. 


‘@ Common starch came to the rescue as a fluxing agent 
for various soldering operations when it was found that 
neither rosin nor zine chloride, which are the agents 
most extensively used, would do the job in certain 
applications. 

Fluxing agents are used to cleanse the surfaces to be 
soldered and make the solder alloy with the base metal. 
Zinc chloride is a powerful flux, but tends to cause cor- 
rosion unless the soldered parts are washed to remove the 
excess flux after soldering. Rosin, though free of this 


| fault, is not a very active flux, particularly when used 


» with such metals as steel. 

many § 
cesses 
It can F 
tin 881% solved the problem with the discovery that levulinic 
>» made ‘ acid, derived from common starch, was a much more 
he tin | active flux than common rosin. 
specific i this acid, when blended with rosin, could be used in 
) soldering steel parts without the necessity for subse- 


ostwal Ff) ouent washing. 


1 meet F 
short: ff 


rrosive ff} of infection bacteria, is now allocated to the Army 


In certain types of equipment it was found necessary 
to solder steel parts together, but impossible to wash 
the parts after the operation. The chemical engineer 


It was found that 


@ Penicillin, the new drug which prevents the growth 


(which gets 56 per cent of the present production), the 


} Navy (18 per cent), the U. S. Public Health Service 
her re- i (2 per cent), the Office of Scientific Research (15 per 
of tiny 
e equal FF 
h coat-f 


cent), and the remainder to the scientific staffs of drug 
companies for their own research. 

Distribution of the part allocated to civilians is for 
clinical research, and its assignment is determined by 


}a committee headed by Dr. Chester S. Keefer, Evans 


Memorial Hospital, Boston. Since the amount of 
penicillin requested by civilians greatly exceeds the 
available supply, it has been determined by the Office 
of Scientific Research and Development that civilian 
Tequests must be made through doctors who should 
communicate with Dr. Keefer by telephone, telegram, 
or personal letter, giving complete details of the case 
so that he may have an adequate basis for his decision. 


@ Production of alcohol for use in the manufacture of 
synthetic rubber has been speeded by the Tom Moore 
Distillery at Bardstown, Kentucky, through the use of 


) glass fibers as packing for two distillation columns. 


Use of glass fibers for this purpose is a comparatively 
new development, although two distillation columns 


PACKING AN ALCOHOL DISTILLATION COLUMN WITH GLASS 
FIBERS. EACH OF THE SERIES OF GRIDS ABOVE THE PACKERS’ 
Heaps Is LOWERED INTO POSITION AS EACH LAYER OF PACKING 

Is COMPLETED. 


packed with the fibers have been producing industrial 
alcohol at a Peoria, Illinois, distillery for over a year. 
The glass fibers replace critical materials employed as 
tower packing by the beverage distilling industry be- 
fore the war. Construction of five additional columns 
to be packed with glass fibers, is now planned by the 
industry. R 

The Bardstown columns are 43 feet 7/s inch high, 
and have an inside diameter of 50 inches. There are 
four packed sections in each column, each 7 feet high. 
The glass fibers are packed in these sections at a density 
of 3.7 pounds per cubic foot. The fibers are *°/19 009 
inch in diameter and average 20 inches in length. 


e@ The interesting story is told in Inco (International 
Nickel Company), Vol’ 19, No. 1, of a child who was 
taken to a Brooklyn hospital after hawing swallowed a 
small padlock weighing an ounce and a half. After 
much consultation and expert advice, it was eventually 
removed by means of an Alnico magnet less than an 
inch and a half long and weighing 5.7 grams, which was 
introduced by insertion in the end of a rubber tube. 
Alnico is an alloy of aluminum, nickel, and cobalt 
which has unusual magnetic properties. It also has 
many other industrial uses of importance, some of 
which are now wartime secrets. 


e@ A new wrinkle in the surgical treatment of painful 





X-Ray Picture oF Hip JoInT FITTED WITH PLEXIGLAS CUP 


arthritis, one of the most prevalent of all diseases, has 
been found in the insertion of Plexiglas cups in affected 
joints. These transparent Plexiglas cups, formed 
from the same clear plastic which makes bomber noses, 
gun turrets, and other military plane enclosures, for 
the first time permit surgeons to follow the progress of a 
case through x-rays after operation. Used in a new 
method for treating arthritis, surgical insertion of these 
cups relieves the pain of arthritis and also preserves 
motion in the treated parts. 

The old surgical treatment relieved pain by making 
afflicted joints immovable. Patients were left there- 
fore with a choice of two evils. Now, by removing ex- 
cess growth onethe bone head, the cause of arthritic 
pain, and capping the head with a Plexiglas cup—a 
relatively simple operative technique—painless motion 
is restored. The cup acts almost like a layer of lubri- 
cant, for the joint bones can move freely against the 
Plexiglas surfaces. 

Prior to the development of Plexiglas cups, metal 
plates, films of celluloid, rubber, and collodion; strips 


> 
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PLEXIGLAS JOINT CuP 


of gold foil; steel; glass; pyrex; and vitallium metal f 
Many of these fF 


materials proved satisfactory except in transparency to ff 


cups were tried in surgery for arthritis. 


X-rays, an important factor in watching the progress 
of the case. Plexiglas cups answered the need for a 
material transparent to x-rays and at the same time 
relieve the patient of pain. 


@ We received a number of solutions to the equation 
which appeared in the November issue (page 570). 
All three of the common methods were represented: 
the ‘‘valence change method,” the ‘“ion-electron 
method,” and the “algebraic method.’ The best time 
was reported by Miss Dorothy Elkind, of Villa Park, 
Illinois, who used the algebraic method and who says, 
“By the method outlined, it does not take more than 
15 minutes to balance the equation.”” We assume that 
this was her time, although she doesn’t actually say so. 
If not, the speed record goes to another contestant who 
reports “less than 16 minutes’’—but whose solution 
didn’t balance! In fact, several responses contained 
solutions which actually failed to add up. Various 
interesting comments were offered, including the sug: 
gestion of assigning arbitrary zero valence numbers to 
all the elements in the complex, which of course leads 
to a correct solution if consistently followed. The at- 
thor of this promises us a more detailed discussion. 


**Coal,”’ according to Science Digest, ‘‘is potentially richer in rubbers than all of 
the islands of the East; more bountiful in fibers than all the Japanese silk worms; 
wealthier in colors than the rainbow; and abounding in curative medicinals.”’ 
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The Solution of Gas Law Problems 


MARTIN 


MEYER 


Brooklyn College, Brooklyn, New York 


TUDENTS of general chemistry are required to’ 
'J learn the Ideal Gas Law, but to solve problems 
they are usually taught to employ some of the expres- 
sions derived from it. These expressions, from the 
student’s standpoint, frequently have only the signifi- 
cance of arbitrary formulas. All gas problems of the 
ordinary elementary types may, of course, be solved 
directly from the Ideal Gas Law, 


pu = nRT 
Taking v as 22.41 liters, p in mm., and evaluating 
R for one mole of gas at N.T.P., we have, 
pv = 62.37nT 
For any weight of gas, may obviously be computed 
from the chemical formula of the gas. 


For the reduction of a volume given under any con- 
ditions to N.T.P., we first obtain, 


— 2 
"~ @.37T 


s 


Un.t.p, = 22.410 liters 


(1) 


ox.t.p, = 0.3593 e 


The calculation involved in (1) (or any similar calcu- 
Jation) may be done graphically as shown in Figure 1. 

Using a ruler graduated in mm. and a hand lens to 
aid in estimating to tenths, lay off T and p successively 
along BE in mm./10. Lay off v in mm./10 (or any 


PX parallel to it. Draw VY and XZ parallel to AD 
and intersecting BA in Y and Z. Measure the dis- 
ce YZinmm./10. This is vy.7p. 


B 











D 
FIGURE 1 


The solution is based upon simple geometric and 
trigonometric principles. DCBA is a portion of a 
right triangle with the right angle at B, and the angle 
a according to the data given is 70°14’. BE may be 
drawn at any angle, but 45° is convenient. 

Several devices may be learned in using this method. 
The method may also be carried out by construction, or 
various mechanical models may be built with BC, BE, 
and BA graduated directly, and mechanical methods 
for carrying the points across. With a model only 20 
cm. in its longest dimension results as accurate as those 
of a cheap slide rule may be obtained, and students find 
it more interesting. 


Biological Mining 


AS CONCENTRATED minerals are made into 
manufactured articles and spread over the face of the 
arth we may wonder how future generations are going 
0 obtain iron, aluminum, and the other elements of 
which economical production depends on the availa- 
bility of concentrates. Part of the answer already ex- 
Sts in the commercial success of extraction of magne- 
ium and bromine from that ultimate of dissipation, 
ie sea. The reconcentration of other elements may 
ot be feasible by chemical methods, and biological 
ethods may perhaps be the answer to the problem. 

Manganese, an important element in high-grade 
eel, is obtained from large deposits of pyrolusite, 
rhich some day will be exhausted. There remain 
trge deposits on ocean floors, the exact origin of which 
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is unknown. One hypothesis suggests that these de- 
posits may have been formed by the remains of animal 
organisms which had manganese instead of iron in 
their tissues. It has been suggested, too that even 
land deposits of pyrolusite may have had their origin 
in the life cycle of marine animals in prehistoric seas. 
The skeletons of many species of diatoms are finely 
divided pure silica. Oyster shells form an immense 
reserve of pure calcium carbonate. Some radiolarians 
(Acanthometron) have shells of strontium carbonate 
instead of the usual calcium carbonate. The amount 
of strontium in the ocean has not been detected by 
chemical means, yet these animals have power to ob- 
tain it in high purity. Vanadium is another element 
(Continued on page 44) 





Some Experiments with Primary Cells in Silicic Acid Gels 


OTTO F. STEINBACH 
City College of New York, New York 


HE STUDY of primary cells can be nicely sup- 

plemented by preparing them in a medium of a 
silicic acid gel. The results obtained are interesting 
and instructional. 

The familiar lead tree, which is generally obtained 
by pressing a piece of zinc or tin into the top of a silicic 
acid gel containing lead salt, can be obtained in 24 
hours from the primary cell Zn|ZnSQ,||Pb(NOs)2|Pb. 
It seems to the author that the principle involved in 
the formation of the lead tree is more clearly illustrated 
by the primary cell than by the method generally used. 
In an analogous fashion, it is possible to obtain a tin 
tree from the cell Zn ZnSO,||SnCl,|Sn. 

The following method was used to prepare these 
simple primary cells. Sodium silicate solution (sp. gr. 
1.05) was mixed with an equal volume of acetic acid 
prepared from 60 ml. of the glacial acid diluted to 1 
liter. The resulting silicic acid solution was divided 
into 20-ml. portions and 1 to 2 ml. of concentrated 
solutions of zinc sulfate, stannous chloride, or lead 
nitrate were added to the individual portions. The 
solutions were then poured into a U-tube in which a 
cotton plug had been placed in order to keep the catho- 
lyte and anolyte from freely mixing. After the gel 
had set, strips of zinc and lead or tin were placed in 
their respective solutions. When the eompleted 
cells were tested with a galvanometer, a distinct de- 
flection was obtained. The electrodes were then con- 
nected to each other (short circuited) and allowed to 
stand this way until the lead or tin trees had formed. 
The trees may be preserved by removing the electrodes 
and placing corks in the U-tubes. 

The Daniel cell, Zn|ZnSO,||CUSO,;Cu may be pre- 
pared as another example of a primary cell. How- 
ever, a gel must be prepared that is more acid than the 
above gels if a reasonable appearing copper tree is to 
be obtained with any rapidity, though copper is still 
deposited in the less acid gels. Another cell, which 
is also of the replacement type, is Fe|/FeCls||CUSO,|Cu. 
The copper tree formed in this cell is somewhat superior 


to the one formed in the Daniel cell. The last two 
cells are prepared by mixing equal volumes of 3 NV 
H.SO, and sodium silicate solution of sp. gr. 1.16. 
Then 1 to 2 ml. of concentrated solutions of ferric 
chloride, copper sulfate, or zinc sulfate are added to 
20-ml. portions of the silicic acid solutions. The 
solutions are poured into U-tubes as previously de- 
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scribed and when the gels have set, the corresponding a vy: 
metal electrodes are placed in them. The cells may in 
be tested by a galvanometer to show that they produce er 
electrical energy and also to determine their polarity. d 
The electrodes should then be short circuited and the Ww. 
cell should be observed over the period of a week as the § bi 
copper tree forms. Upon removing the zinc or iron § th 
electrode, visual evidence of corrosion and solution he 
can be distinctly observed. Closer inspection of the § Fc 
gel near the copper electrode will show that the gel is § Pe 
perceptibly less blue than portions further removed § an 
from the electrode. This is evidence of the diffusion § sor 
and migration of cupric ions in the gel due to the cell § cu: 
reaction. use 

The above cells may be modified by replacing the ] 
copper cathode by an inert electrode such as graphite. § lite 
Upon short circuiting the electrodes, the graphite § sim 
becomes copper plated and later a copper tree will § wil 
form. ' sot 

Various combinations of metals and their salts may be § log: 
used. For example, the cell Mg|MgSO,||Pb(NOs)2|Pb, § of s 
when prepared in the gel of silicic acid made from acetic : 
acid, produces a small lead tree in one hour while in 2 
three hours a fair-sized tree results, and in 24 hours a 3. 
very dense tree is formed. 

Likewise, the cell Mg!MgS0,||SnCle!Sn was also pre- 
pared from the gel made from sodium silicate and . 
acetic acid. In two hours a small tin tree was ob- 5. 
served while in two days a good-sized tree resulted. 

A variety of primary cells have been prepared in 6. 
gels of silicic acid. Trees of various metals have been 
obtained. The formation of the metal tree is clearly 
shown to be an electrochemical process. 
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Searching the Literature of Organic Compounds 


G. F. HENNION 


University of Notre Dame, Notre Dame, Indiana 


INTRODUCTION 


O DOUBT one of the most disturbing problems to 
confront the advanced student and the beginning 
investigator in organic chemistry is the search of the 
vast accumulated literature of the subject for particular 
information. As he was gradually introduced to the 
endless variations in which carbon combines with hy- 
drogen and other elements, he was quickly impressed 
with the conviction that his texts and manuals present 
but a very small fraction of the total knowledge. It is 
therefore a matter of great concern to know exactly 
how to conduct thorough and reliable literature searches. 
Fortunately indeed this is not a haphazard process. 
Perhaps no other field of science is so well systematized 
and so abundantly provided with guides to original 
sources of information. It is the purpose of this dis- 
cussion to identify these with brief directions for their 
use. 

Let us first presume that it is desired to review the 
literature of a particular compound, since this is the 
simplest problem presented to an investigator. We 
will assume too that the compound is fairly well known 


' so that we may justify covering the literature in chrono- 


logical sequence. This then is the recommended order 


of search. 


1. Richter’s Lexikon der Kohlenstoffverbindungen. 

2. Stelzner’s Literatur-Register der organischen Chemie. 

3. Formula indexes of the Chemisches Zentralblatt, beginning 
with the year 1922 in the sixth collective index, or with 
1925 in the separate volumes. 

4." Formula indexes of Chemical Abstracts, beginning with 

1920 in each volume. 

The fourth edition of Beilstein’s ‘‘Handbuch der organis- 

chen Chemie.” - 

6. The subject and author indexes of Chemical Abstracts, and 
perhaps also the Zentralblatt. The collective indexes 
are preferred for the periods covered. The author in- 
dexes are useful for following the work of an investigator 
over long periods. * 


or 


This order presumes that a thorough survey is indi- 
cated. Admittedly there is considerable overlapping. 
Very frequently either step 3 or 4 may be omitted en- 
tirely. Some workers generally ignore the first three 
sources and examine only the last three for the reason 
that Beilstein covers the entire literature through the 
year 1919. Others prefer to work in reverse of the 
chronological order on the presumption that the most 
recent information is the most reliable and will generally 
indicate gross discrepancies with older work. From 
this point of view the order should be Chemical Ab- 
stracts, formula and subject indexes, Zentralblatt, thence 
to Beilstein, etc. 


. * Occasionally valuable use may be made of Poggendorff’s 
Biographisch-Literarisches Handwéorterbuch,” which gives a 
complete bibliography of each chemist included. 
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It should be emphasized that the above sources are 
chiefly literature guides; while they furnish considerable 
information of immediate utility, if our prime purpose 
is to collect original references our study is not complete 
until we have referred to the primary sources. 

Since the literature of most organic compounds may 
be covered practically to date by means of formula 
indexes, it is well to know at this stage how these are 
arranged. Two methods are employed: the Richter 
system in the German works and the Hill system in our 
own Chemical Abstracts. In the former method com- 
pounds are tabulated according to their molecular 
formulas beginning with those of one carbon atom. 
The elements in combination with carbon are given in 
the order H, O, N, Cl, Br, I, F, S, P. Any others are 
in alphabetical sequence following these. At the top 
of each index page there appears a ‘‘guide number”’ 
of which the Arabic numeral refers to the carbon con- 
tent and the Roman numeral to the number of other 
elements for the compounds on that page. For ex- 
ample, the notation ‘5 III’’ shows that compounds of 
five carbon atoms and three other elements follow. 
To find a compound indexed this way, one should write 
its molecular formula with the elements placed in the 
above order, and determine the guide number. The 
compound is then located quickly among its isomers, 
if such are reported. In the Hill system, which pro- 
vides also for inorganic compounds, the entries are by 
molecular formulas, alphabetical by symbols, except 
that C and H, tf present, are cited first. While there are 
no guide numbers, the organic compounds are grouped 
according to carbon content as in Richter. Further in- 
formation may be had from the 1942 index of Chemical 
Abstracts, page 8443. ; 

Before proceeding further it is necessary to become 
acquainted with the works mentioned. 


RICHTER 


Richter’s ‘Lexikon’ (third edition) lists in four 
volumes all the organic compounds known up to the 
time of publication (1910), in the Richter arrangement, 
beginning with C; in volume I. The melting point or 
boiling point, a few references to the original literature, 
and the reference to the third edition! of Beilstein are 
given. The four volumes are classified as follows: 
volume I, C; to Cy (1 I to 9 III); volume II, Cy to Cis 
(9 III to 13 IV); volume III, Ci; to Cx (13 IV to 20 
II); volume IV, Coo and higher (20 II to 1039 IV). 


t The searcher likely will not use this edition of Beilstein. 
However, it may be well to know that the third edition was pub- 
lished in four main volumes and four corresponding supplemen- 
tary volumes, along with a fifth supplement which is an index to 
the whole work. The arrangement is best learned by examining 
the tables of contents of the main volumes and from the discussion 
of the arrangement in the fifth supplementary volume. 


? 
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STELZNER 


The period 1910-21, inclusive, is similarly covered by 
the “‘Literatur-Register,’’ published in five volumes. 
The system of classification is much the same as in 
Richter, except that each volume covers a period of 
time rather than a group of compounds. The refer- 
ences are far more adequate than in Richter. The 
periods covered are: 1910-11, volume I; 1912-13, vol- 
ume II; 1914-15, volume III; 1916-18, volume IV; 
1919-21, volume V. 


Chemisches Zentralblatt 


Chemisches Zentralblatt first appeared in 1830 and is 
the oldest of our abstract journals. There have been a 
number of minor changes in the title. Also the num- 
ber of volumes per year has changed frequently: one 
per year through 1888, two per year from 1889-1918, 
four each year from 1919-23 inclusive, and two volumes 
per year since. Five-year collective indexes are now 
published. 

An interesting feature of Chem. Zentr. is the continua- 
tion of the Richter system for indexing abstracts, be- 
gun in the sixth collective index (1922-24, inclusive). 
This method is continued in the subsequent collective 
indexes, each covering five years. Beginning with 
1925 each volume contains its own Richter type for- 
mula index. Therefore, where the collective indexes 
are not available, there is a three-year gap in this ar- 
rangement. 


Chemical Abstracts 


This ‘‘key to the world’s chemical literature’’ first 
appeared in 1907 and at present is unquestionably the 
most important chemical abstract journal in the world. 
While the subject and author indexes are continuous 
since 1907, a formula index was added in 1920, and a 
patent index in 1935. The formula index lists all new 
compounds and all those for which new data are given. 
Inorganic compounds are included. 

The three decennial indexes to Chemical Abstracts 
(1907-16, 1917-26, and 1927-36) are, of course, impor- 
tant when making subject and author searches, but 
unfortunately these do not contain formula tabulations. 

Among the various special features of Chemical Ab- 
stracts, it is important to note that the 1936 index lists 
2808 periodicals abstracted with proper abbreviation, 
publisher, price, location in this country, etc. The 
1942 index includes a supplement of 1132 periodicals. 


BEILSTEIN 


The “Handbuch,” frequently called the ‘‘orgartic 
chemist’s bible” is by far the most important work de- 
voted to organic chemistry. The current fourth edi- 
tion available at this time embraces 59 volumes in 49 
covers for a total of about 38,000 pages. Though still 
incomplete, the published portion is the most essential 
part. 

The so-called ‘‘main series’’ is in 29 volumes, of which 
the first 27 cover organic compounds of known struc- 
ture through the year 1909. There are 27 supplemen- 
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tary volumes (in 15 covers), each for the period 1910- 
19, inclusive. There is also a second supplement to 
volume I (1920-29, inclusive). 

Beilstein now may be used very easily by taking ad- 
vantage of the two index volumes (in 4 covers). Vol- 
ume XXVIII (2 covers) is an alphabetic compound in- 
dex; volume XXIX (2 covers) is a formula index ar- 
ranged in the Richter system. 

Since compounds may be located readily in this man- 
ner, it is not necessary to understand the elaborate sys- 
tem of classification and arrangement employed.* Al- 
though considerable experience is required to appre- 
ciate it fully, the following may be helpful. According 
to this scheme the sum total of all organic compounds 
is divided into four major groups or series: (1) carbon- 
chain compounds (acyclic series); (2) carbon rings 
(isocyclic series); (3) compounds containing rings in 
which elements other than carbon appear (heterocyclic 
series); (4) natural compounds of unknown or par- 
tially known constitution. Of these, each of the first 
three major groups is subdivided into 28 principal 
classes. Some of the more common ones are as follows: 


Stem nuclei 

Hydroxy compounds 

Keto compounds 

Carboxylic acids 

Sulfinic acids 

Sulfonic acids 

Seleninic and selenonic acids 

Amines 

. Hydroxylamines 

10. Hydrazines 

11. Azo compounds 

16-22. Compounds with three or four nitrogen atoms 

23. Compounds with phosphorus, arsenic, bismuth or anti- 
mony attached to carbon 

24. Compounds with silicon, germanium, tin, or lead attached 

to carbon. 


Seer SS 


Before considering the exact location of a compound 
in Beilstein it is necessary to understand the following. 

(a) Stem nuclei are the hydrocarbons and the various 
heterocyclic rings. 

(6) A substituent is an inorganic group containing no 
hydrogen (F, Cl, Br, I, NO, NOs, Ng). Substitution 
products are formed by replacing hydrogen bound to 
carbon with one or more of these. 

(c) A functional group is an inorganic radical con- 
taining replaceable hydrogen. Such are —OH, —NH;, 
—SO:H, —SO;sH, —NHOH, —NH—NH:, —N,OH, 
—OOH of carboxylic acids and =O of aldehydes and 
ketones (considered as dehydrated diol). 

(d) Functional derivatives are compounds formed by 
the interaction of a functional group with an organic 
hydroxy compound or with an inorganic hydrogen 
compound so as to eliminate water (‘‘anhydro-synthe- 
sis’’). 

(e) Mother substances or indexed compounds are de- 
fined as stem nuclei and those containing functional 
groups only. All other compounds are derived from 


t The special arrangement of compounds in Beilstein is ex- 
plained at the front of Volume I, Main Series, pp. 1-46. 
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these—by substitution or reaction of functional groups. 
Locating a compound in Beilstein thus becomes a matter 
of determining the mother substance. For this purpose 
the following rules must be applied to each case. 

1. Replace all substituents with hydrogen. Find 
ethyl bromide under ethane, bromoacetic acid under 
acetic acid, chloropyridines under pyridine, etc. 

2. Hydrolyze functional derivatives. Find meth- 
ane sulfone chloride under methane sulfonic acid, di- 
phenyl ether under phenol. 

3. When hydrolysis of a functional derivative yields 
two or more functional compounds, the mother sub- 
stance is that one which has the latest position in the 
system. Find ethyl acetate under acetic acid (carbox- 
ylic acids occur later than alcohols); phenyl acetate 
is under phenol (carbocylic compounds follow the acy- 
clics). 

4. The imaginary hydrolysis must be such that the 
—OH attaches to the coupling compound and not to 
the indexed compound. Thus monomethyl aniline is 
converted to aniline and methyl alcohol, not to phenyl- 
hydroxylamine and methane. 

5. Sulfur when not part of a sulfinic or sulfonic acid 
group is replaced by oxygen. For example, diphenyl 
sulfide is sought under phenol. Thiophene is in volume 
XVII, following furan by only two pages. 

6. Salts are located under the acids or bases to which 
they are most closely related. ‘ 

7. When several functions, or a functional group 
and a substituent, are attached to the same carbon 
atom, replace with hydroxyl groups. Thus acetyl 
chloride is sought under acetic acid because the chlo- 
rine is now to be replaced by OH rather than by H. 

8. Compounds containing nitrogen, sulfur, and io- 
dine in their higher states of valence must be regarded 
as functional derivatives. For example, tetramethyl 
ammonium hydroxide is located under methyl amine, 
obtained by hydrolyzing off three methyl groups ac- 
cording to rule 4. 

The application of these rules determines immedi- 
ately the mother substance for the compound sought 
and thus the correct Beilstein volume. One may now 
consult the index to that volume or he may locate the 
mother substance itself from the table of contents. 
The mother substance is followed by the functional de- 
tivatives permitted under rule 3 and by the substitu- 
tion products. The latter in turn are followed by 
their functional derivatives. For example, acetic acid 
is found in volume II, page 96, ethyl acetate on page 
125, and chloroacetic ‘acid and ethyl chloroacetate on 
pages 194 and 197, respectively. 

Having obtained the desired information in the main 
series, the examination should be continued in the sup- 
plementary volumes. In using these it is well to be 
guided by the bold-face numbers given at the top center 
of the pages of the supplements. These numbers refer 
to the corresponding pages of the main series. For 
example VI-200 identifies the material of that page as 
corresponding to the subjects discussed on page 200, 
volume VI, of the main series. 
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Let us consider now a more difficult literature survey, 
namely, one concerned with a class of compounds or 
with a type of reaction. The formula indexes enumer- 
ated above will be useful only in so far as we are able to 
reduce our problem to specific examples. Under any 
circumstances a good assortment of these might well 
be followed through the formula indexes. However, 
considerable reliance will have to be placed on subject 
indexes, particularly to the abstract journals. The im- 
mediate problem is to arrange a broad list of subject 
index entries. These generally fall into some six 
rather definite categories as follows. 


1. All suitable names for each substance involved. 
2. The family name or class to which the compounds belong, 
e. g., hydrocarbons, olefins, antimalarials, fuels, etc. 

3. Particular features of the compounds involved as triple 
bonds, resonance, etc., as may apply. 

Principal derivatives. 

Reagents leading to the compounds concerned. 

Named reactions and processes which may be involved as 
addition, hydrolysis, chlorination, pyrolysis, etc. 


Poe 


When a proper assortment of entries has been de- 
termined, they should be put in alphabetical order and 
each index used should be examined systematically for 
them. 

As the library study progresses, need may be found 
for abstract journals other than the two already men- 
tioned, not only for subject and author searches, but 
also because certain original sources are sometimes not 
available and recourse must be had to abstracts. 
Among the more important sources the following should 
be remembered: Journal of the Chemical Society, 1871- 
1925, Journal of the Society of Chemical Industry, 1882- 
1925, British Chemical Abstracts, 1926-, Bulletin de la 
Sociéte chimique de France, 1863-, and the Berichte der 
deutschen chemischen Gesellschaft (Referate), 1880-95. 

Quite obviously no literature search need be con- 
tinued after finding the desired information. On the 
other hand, complete and systematic library study, 
while tedious and time consuming, is an absolute ne- 
cessity before undertaking extensive laboratory work. 
Many an ardent young investigator has labored long 
and diligently only to learn subsequently that his ‘‘dis- 
coveries”’ were long before published for all to read. 
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4 lecten OBJECT of this paper is to show how an At- ; 
wood machine with a falling fork may be used as a 4 
timing device for the falling sphere method of deter- i I 
mining viscosity. 
A modification of Gibson and Jacob’s falling sphere 
viscometer was used. The apparatus consists of a Ry- 
erson acceleration outfit and an Atwood machine (Fig- 
ure 1). The fork carriage has mounted on it a small 
buzzer with stylus, A, placed at the same level as the t 
recording stylus of the fork, E. At Cis a small electro- 1 
magnet below which is a 15 X 1.8-cm. glass tube. The f 
bottom of this tube is electrically connected with the " 
buzzer, A. A small U-tube filled with mercury is at- ’ 
tached to the fork carriage below B. This serves as a 7 
circuit breaker for the electromagnet which releases the ’ 
falling sphere into tube, CD. 
FIGURE 2 
place. A steel ball (radius 4.7 mm.) is then placed at 
the base of the electromagnet and tube, CD, filled with 
the test liquid, is put in place below the magnet so that 
the ball is submerged in the liquid. The fork carriage 
is then released. As it falls the circuit is broken at B, ™ 
S | A | releasing the ball into the liquid. The instant the ball dr 
— fj- rie a — # buzzer strikes the bottom of the tube, CD, electrical contact is on 
| ne aaa Tt made with the buzzer, A, the stylus of which records pi 
| | the arrival of the ball at the bottom of the tube on the in 
[~~ > record plate. The traces made by the fork and the on 
“ buzzer on the record plate appear as shown in Figure 2. or 
. —— d = = HI represents the point of the trace at which electrical ole 
sy Oe tI = contact at B (Figure 1) is broken, releasing the falling , 
£ Uy B 3 C sphere into the tube, CD. This point is determined det 
experimentally and marked on the record plate as a pre- the 
liminary operation. MW represents the point on the ma 
trace where the fork stood when the ball arrived at the 
A |_| bottom of the tube, CD. It is then only necessary to 
D count the number of vibrations between H and M to 
or find the time the sphere took to traverse the liquid. 
-~ The fork used in our determinations had a frequency 
of 128 vibrations per second. By estimating half vibra- 
= + tions, time may be read to 1/ssssec. All determinations 
were made at room temperature. No jacket was used 
for the tube, CD. 
In repeated operations at the’same temperature, us- A 
Battery ing the same liquid, remarkably concordant results were that 
aaa obtained (Table 1). 7" 
TABLE 1 ploy 
In operation the fork carriage is lifted until the con- Nenbeiel Cute recta 
tact wires below B dip into the mercury of the U-tube, Vibrations Tetrachloride Methanol Bensene mak 
completing the electrical circuit through the electro- es > A 4 may 
magnet, C. The glass record plate is then slipped into an 38.5 27 27.5 to ar 
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To convert these data into relative viscosity a modi- 
fication of Stoke’s formula was used in which, 


- 2(D... . dg 


o—— = 
where 
= viscosity 
r = radius of falling sphere 
D = density of sphere 
d = density of liquids 


g = constant of gravitation 
V = velocity of fall 
We confined our attention to relative viscosity. 
Letting u in equation (1) represent viscosity of water 
at a specified temperature and 


, 2D... d’)g 
ee (2) 


represent the viscosity of another liquid; then, divid- 
ing (2) by (1), and letting » = 1, for water, we get asa 
final equation, 


, _(D...d)T' p 
ae: RS 8 (3) 
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We found it necessary to multiply our results by a 


constant for our particular tube and sphere. Table 2 
gives some typical results obtained. 
TABLE 2 
p by Capillary u by Falling Per Cent 
Viscometer Sphere Error 
Benzene at 23° 0.5690 0.5572 2.0 
Methanol at 23° 0.5310 0.5550 4.3 
Spirits of turpentine 23° 0.9850 0.9825 0.2 
CONCLUSION 
From our results we conclude that the Atwood 


machine with the attachment as described above serves 
as a satisfactory timing device for the falling sphere 
method of determining viscosity. The chief advantage 
in this device is that it is entirely mechanical, eliminat- 
ing the personal equation. 
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Simple Apparatus for Carbon and Hydrogen Detection 


LEROY D. JOHNSON 
Storer College, Harper’s Ferry, West Virginia 


THE METHOD usually described in organic chem- 
istry laboratory manuals for detecting carbon and hy- 
drogen in organic compounds consists of heating a 
sample of the compound with wire or powdered copper 
oxide in a hard glass tube. The presence of carbon is 
confirmed by passing the carbon dioxide formed through 
an outlet tube into a test tube which contains barium 
or calcium hydroxide, whereupon the latter becomes 
cloudy. 

The author wishes to recommend for macro or micro 
detection the use of a small distillation flask in place of 
the test tube and outlet connections. The quantity of 
material available for examination determines the size 


of the flask employed (10 to 50 ml.). 

The sample is placed in the bulb of the distillation 
flask and is mixed with wire or powdered copper oxide in 
the usual manner. 

A solid cork stopper is placed firmly in the mouth of 
the distillation flask, which is clamped so that the 
side arm of the flask just passes beneath the surface of 
barium or calcium hydroxide placed in a 4-ml. test tube. 

The bulb of the distillation flask is heated cautiously, 
and the evidence of water is plainly seen on the cooler 
surface of the flask. 

The carbon dioxide causes the usual cloudiness in the 
test tube containing the hydroxide solution. 


Identical Formulas Demonstrated with Folding Pocket Rule 


E. A. VUILLEUMIER 


Dickinson College, Carlisle, Pennsylvania 


A FOLDING pocket rule can be used to demonstrate 
that identical formulas are identical, which is sometimes 
by no means obvious. 

Thus, two different conventions are extensively em- 
ployed in writing the purine skeleton. The older, 
rectangular six-membered ring fused to a pentagon 
makes it only too easy to overlook the fact that purine 
may also be written as a hexagonal pyrimidin ring fused 
to an imidazole ring. 


In the same way, the standard rectangular formula 
for malonyl urea disguises the fact that barbituric acid 
is tri-hydroxy-pyrimidin, which, however, is easily 
recognized when its formula is written with a hexagonal 
skeleton. 

The joints in a folding carpenter’s rule readily permit 
the construction of, e. g., the older purine outline. 
When the rule is now gently massaged it is metamor- 
phosed into the newer hexagon-pentagon skeleton. 





Demonstrations on the Preparation 


and Molding of Plastics—Part Il 


JOSEPH F. CASTKA 
Boys High School, Brooklyn, New York 


HE PLASTICS study at Boys High School has 

continued to hold the interest of the students. 
Since the author’s publication of the results of group 
activities (1), more interesting experiments have been 
developed. A series of demonstrations on molding by 
compression, extrusion, and transfer have evolved from 
the original technique of molding plastics by the use of a 
capped iron pipe and plunger. 

It appeared that better results might be obtained by 
using uncapped metal cylinders, metal plungers, and a 
demonstration model hydraulic press. A small tool— 
a steel cylinder 11/, inches in height and */, inch in in- 
ternal diameter—was produced, and a steel plunger 
21/. inches in height was fitted to the cylinder. The 
cylinder was then placed upon a small steel plate which 
was insulated from the upward-moving platform by a 
layer of asbestos. Molding powders of various types 
were poured into the cylinder to a height of approxi- 
mately '/, inch, the piston was inserted, and the cyl- 
inder was preheated for about one minute by a Fisher 
burner. 

Low pressure was exerted, and the cylinder was 
heated strongly for one minute. After this, full pres- 
sure and strong heat were applied for one minute, and 
the pressure was used alone for another minute. Where 
cooling was necessary before press removal, as in the 
case of thermoplastics like cellulose acetate, the cylinder 
and contents were wrapped in a wet towel or had water 
poured over them. Thermosetting materials like the 
phenol formaldehydes do not require cooling, but the 
process was used to facilitate free handling of the cylin- 
der. 

This method of molding plastics was not entirely suc- 
cessful. Flashes escaped during the molding of discs, 
or buttons, which formed in the lower part of the cylin- 
der. The under sides of these buttons often showed 
evidence of insufficient or uneven heating. Then again, 
the piston frequently had to be hammered loose from 
the cylinder because of the fin formed between it and 
the cylinder walls. 

To overcome these difficulties, another cylinder was 
made—of the same height but !/, inch larger in internal 
diameter. Two brass pistons were produced, designed 
to insure more even heating. The upper plunger was 
2 inches long, and the lower base 11/2 inches in height. 
The base, or lower piston, was built with 1/2 inch fitting 
into the cylinder and 1 inch serving as a stop 11/2 inches 
in external diameter. The top 11/4 inches of the 
upper piston were slightly tapered to make manual ex- 
traction easier. Brass was used because it seemed that 
the higher coefficient of expansion of this metal, to- 


gether with its greater heat conductivity, would make 
possible easier extraction of plunger and base, since 
less fin would be produced. With these improvements 
successful discs were made from Tenite and Hercules 
cellulose acetate, Bakelite phenol formaldehyde, Plas- 
kon urea formaldehyde, Rohm and Haas Crystalite, 
and Dow Styron. By using great heat it was possible 
to obtain relatively clear discs of Crystalite. Light 
transmission qualities of this material were shown when 
the disc, held edgewise between two fingers, was 
brought close to an electric light bulb. 

Time, heat, and pressure requirements varied with 
the materials used, but in general no more than five 
minutes were necessary to produce a disc. Coins were 
successfully molded in phenol formaldehyde and trans- 
parent, colorless cellulose acetate. Mottled and layer 
effects were produced by mixing colored cellulose ace- 
tate powders. 

The next step was to adapt the procedure to extru- 
sion by adding one-half inch of molding material, clos- 
ing the mold with slight pressure, heating strongly for 
two minutes, and applying strong pressure as quickly as 
possible. For this process a small hole was bored mid- 
way in the side of the smaller cylinder, and pistons of a 
newer type were fitted to it. The rods produced 
tended to swell and curl when they reached the air, but 
6-inch samples of cellulose acetate and casein molding 
materials were obtained. 

The possibility of injection molding was considered, 
but transfer molding, a variation, was substituted. 
A steel disc !/s inch in height was made to fit into the 
large cylinder, and a small opening was bored in the 
center of the flat side. Three overlapping holes were 
drilled with a 1/4-inch steel bit in a steel variation of the 
base. The extrusion method was used here, and cel- 
lulose acetate molds of a three-leaf design were pro- 
duced in various colors. Upon removal from the cylin- 
der the molded object adhered to the small metal disc. 
Sprue and runner remnants have to be removed and 
finished when objects are molded by injection. 

A small tapered cup */, inch high was produced from 
a brass mold of the type shown in a Bakelite booklet 
(2). Although inserting water-soaked cellophane be- 
fore adding molding powder made removal of the cup 
from the female half of the mold relatively easy, it pro- 
duced steam, causing an uneven exterior. 

A variation of an industrial procedure in Sutermeister 
and Brown (3), one of several experiments in the 
preparation of plastics, resulted in the production of 
casein discs and rods. Ten grams of casein, 6 ml. of 
water, and 1 ml. of glycerin were mixed in a mortar. 
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Part of this molding material was heated mildly and 
extruded. The rest was made into casein discs by 
compression. After two weeks of hardening in a 6 
per cent formaldehyde solution, the rod and discs 
dried into horny casein plastics. 

An article in Popular Science (4) was used as a guide 
in the manufacture of hexamethylenetetramine from 
formaldehyde and ammonium hydroxide. The white 
solid ‘“‘Hexa’’ is heated with an equal quantity of phenol 
to produce a yellow resin. 

Sources of other interesting and instructive experi- 
ments on plastics were discovered. Experiments on the 
formation of a phenol-formaldehyde resin with am- 
monium hydroxide as a catalyst, the depolymerization 
of methacrylate resin, and the preparation of metha- 
crylate resin, are explained by Cheronis (5). Sweeney 
and Arnold (6) give valuable suggestions on a variety 
of materials. Tests for identification of common com- 
mercial plastics by combustibility, flame colors, and 
odors are described by Nechamkin (7) and are simple 
enough to be performed by any high-school student of 
chemistry. Von Stein (8) described spot testing with 
uranium nitrate for the detection of phenolic resins. 
D’Allelio and Guile have written a most useful refer- 
ence book (9). It is a laboratory manual which con- 
tains 43 experiments on the preparation, and 13 on the 
uses of resinous materials. The preparations of a pro- 
tein fiber and a cumerone-indene resin; and part of the 





39 


experiment on the preparation of a superpolyamide 
(similar to nylon) may be teadily adapted to high- 
school use, although many of the experiments are suit- 
able only for the more advanced student. 

These experiments were carried out with the help of 
William Goldberg, laboratory assistant, and Howard 
Sachar, Stanley Shaw, Wallace Mandel, and Murray 
Lerner, students. 
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Auroral Metal 


* 


TODAY’S upheavals may demonetize gold and re- 
lease more of the metal for industrial and ornamental 
use. The world’s annual gold production is a little over 
1000 tons, of which 900 to 950 tons are immediately re- 
buried in governmental treasuries, which now hold some 
30,000 tons. With government price support with- 
drawn, the price should fall sharply, and with it pro- 
duction, but the amount then economically usable by 
industry might be far larger than at present. 

Gold is too scarce ever to be cheap; its industrial 
use must be based on its unusual properties. Although 
gold is dissolved by agua regia (a mixture of nitric and 
hydrochioric acids), it resists all other chemical agents 
except elementary chlorine and fluorine, by which it is 
slowly attacked. It is the most malleable and ductile 
of all substances: one ounce can be beaten into 250 
square feet of gold leaf. Particularly important is the 
fact that it can be fired firmly onto porcelain, glass, etc., 
to form a fast joint. Another unusual property is 
ability to weld to itself and to other metals at ordinary 
temperatures by pressure alone. Finally, gold is one 


of the easiest metals to heat, cool, or melt, in terms of 
heat required. 

Present industrial uses of gold include gold-platinum 
alloys for viscose rayon spinnerets; gold-palladium- 
iridium-platinum alloys in thermocouples designed for 
and 


extremely accurate temperature measurement; 





such therapeutic applications, in addition to dental 
work, as use of gold-silver alloy plates for repair of 
skull injuries, permanent insertion of gold capsules 
containing radioactive substances in malignant neo- 
plasms, and the treatment of arthritis and tuberculosis 
with gold salts. Electrical equipment for measuring 
aircraft speeds includes a tiny motor generator with 
15-karat gold wire in the generator brushes. 

Gold has long been applied to the surfaces of less 
noble materials by gilding, plating, application of gold 
leaf, or rolling. The last method consists of soldering 
or welding a plate of gold onto a block of another metal 
and then rolling out the covered block to the required 
thickness, giving a sheet consisting of base metal uni- 
formly faced with gold. An appreciable quantity of 
gold is used for decoration of pottery, porcelain, and glass 
in the form of ‘‘Liquid Gold,’”’ a brownish solution of 
complex organic gold compounds in essential oils, con- 
taining adhesive materials. It is brushed on the ce- 
ramic object and, after firing, the pure metal remains as 
an extremely thin, lustrous surface layer. A recent 
development in the plating field involves electrically 
heating gold to its melting point in a high vacuum the 
gold falling in a molecular film upon the article placed 
in the evacuated chamber. 


—Industrial Bulletin of Arthur D. Little, Inc. 
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Chemistry Must Not Lose Its Birthright 


CHARLES E. DULL 





N THE spring of 1915 one of my high-school boys 
asked, ‘“‘Why don’t we have any chemists in America 
the way they do in Germany?” He was astonished to 
learn that there were at that time about 15,000 mem- 
bers of the American Chemical Society, some of them 
very good chemists indeed. When that day’s recita- 
tion in chemistry began, I asked the various members 
of the class to mention the names of those men whom 
we had studied as leaders and founders of the science 
of chemistry. As the pupils mentioned the names I 
wrote them on the blackboard. When they had 
named some 20 or 30 men, I wrote the nationality of 
each one opposite the name. Everyone who had seen 
the stamp, ‘‘Made in Germany,” on laboratory dishes 
and apparatus was amazed to observe that there was 
not a single German name in the group listed. 

The science of chemistry was not German made, but 
one must not imply that the Germans have not been 
successful in chemistry, particularly in organic chem- 
istry. The industry and perseverance of the German 
chemist have helped to lead to his success. Then, too, 
he had the use of tax-free alcohol as a solvent long be- 
fore it became available in America in January, 1907. 
Germany’s near-monopoly of dye chemistry was pro- 
moted by Government subsidies and by the ‘‘full-line- 
forcing’’ methods used with textile manufacturers. 
Hence, we had not only a potash famine when World 
War I began, but we were soon “‘bled white’”’ when Ger- 
man dyes failed to reach us, or a “sickly green’’ when 
dyes made for dyeing casket cloth were used by makers 
of hosiery. 

Our chemists arose to meet the situation. They 
made glass without potash, and it was a much better 
glass. They began to make medicinal and pharma- 
ceutical preparations and to synthesize dyestuffs. By 
the end of 1918 there were some fourscore manufac- 
turers of standard dyes in the United States. Fac- 
tories for making poison gases or chemical agents had 
been built with capacities some three or four times 
those of German manufacturers. Chemistry in high 
schools, in colleges and universities, and in industry had 
come into its own. 

What is the situation in 1943? We hear everywhere 
that this new war is a war of physics. The Navy re- 
quires high-school physics for 23 out of 26 jobs listed 
for various kinds of work. We hear much about the 
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work of tanks, trucks, motorcycles, jeeps, and air- 
planes. Preinduction courses in mechanics and elec- 
tricity have been prepared. Courses are given, too, in 
advanced shop work, in auto mechanics, in radio, and in 
preflight aeronautics. Every one of these courses has 
its place, and it would be utter foolishness to belittle 
the usefulness of any one. If a high-school boy cannot 
find time for a full one-year course in physics, he should 
at least manage to study some of the preinduction 
courses. 

We condemn Esau because he sold his birthright for 
a mess of pottage. Are we going to sit idly by while 
school administrators substitute preflight aeronautics, 
for example, for chemistry? That is being done in 
too many schools. That fact was brought out in a 
panel discussion in a group of administrators of schools 
in North Jersey. The writer has had some experi- 
ence in teaching such a course, and he appreciates its 
value, but he is vehemently opposed to substituting such 
a course for chemistry. 

Are tanks of value without munitions made by the 
chemist? Will the dropping of bombs help to win the 
war unless those bombs are filled with explosives? If 
chemistry is neglected, who will make such explosives? 
Who will make poisonous or irritating chemical agents 
if the war reaches the stage where such agents must be 
used? Who will make the chemicals for use in gas 
masks? Who will make the fertilizer needed to grow 
crops sufficient to feed the world? Who will make the 
penicillin, sulfa-drugs, and quinine substitutes that are 
needed in ever-increasing quantities? In World War I 
the slogan was, ‘‘Chemistry will win the war.” When 
World War II came, the mechanized forces stepped into 
the foreground, and all eyes were focused upon air- 
planes, tanks, dive bombers, and submarines. We 
must not forget, howevef, that chemistry is ever present 
in the near background. Without the high-octane 
gasoline which the chemist makes, such weapons would 
not be effective. 

The chemist has never been much of an advertiser. 
He works quietly in his laboratory, but he must keep 
on making lubricants, chemical agents, medicines, anti- 
septics, and explosives, or we shall lose the war. Go to 
your administrator and tell him that he must not emu- 
late Esau by depriving his pupils of their chemical 
heritage. 


One of the most unusual applications for a plastic material is for piston rings. 


It is not probable that the entire ring would be made of plastic. 


However bakelite 


inserts have worked out successfully. These inserts have good oil-sealing properties 
and wear resistance. 
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A Course in Inorganic Chemistry 
for Students of Agriculture 


EDGAR Z. FRIEDENBERG 


Oklahoma Agricultural and Mechanical College, Stillwater, Oklahoma 


AN WE make chemical Knowledge more accessible 
to students by assisting them to see how chem- 
istry can be used as one factor in the solution of prob- 
lems of real concern to them? When chemistry is 
taught by traditional methods, applications of facts 
and principles are usually studied after the facts and 
principles themselves have presumably been learned. 
Considerable time and effort may be devoted to teach- 
ing such applications, but this teaching remains inci- 
dental. The student is not taught to seek in chemistry 
an arsenal of weapons effective in combating problems 
which arise in his living. Chemical knowledge, there- 
fore, as all teachers know, often remains on a verbal 
level, and does not prevent even proficient students 
from getting into difficulties from which even a small 
working knowledge of chemistry would probably pro- 
tect them. 

At Oklahoma A. and M. College, an attempt has 
been made to assure to students the ability to use chem- 
istry when needed by employing such problems of living 
as a basis for the organization of the subject matter of 
the chemistry course. Since this approach tends to 
eliminate from the course study material, the use- 
fulness of which to students, as people, cannot be 
demonstrated, the choice of problems for study be- 
comes extremely important. The problems are not 
merely motivating devices, or vehicles for the display 
of chemical facts and principles; their role in the philos- 
ophy of the course is much more fundamental. If the 
student is to count on chemistry as a major source of 
help, he must have had experience in using it in all 
areas of need to which it can apply. A classification 
of students needs valid for most students at Oklahoma 
A. and M. was therefore a necessary basis for the selec- 
tion of problem topics. The following pattern has been 
devised subjectively by the author, working under the 
direction of Professor Alvin C. Eurich at Stanford Uni- 
versity, and has been found helpful in the development 
of previous courses as well as the course discussed in 
this article. 

The student needs: 

To be in as good health as possible. 

To be as personally attractive to others as possible. 

To be an effective consumer of goods. 

To support intelligently necessary public services. 

To earn his living by some worth-while contribution to the 


community. 
6. Tomake effective use of his leisure time. 
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1 Presented before the Division of Chemical Education of the 
American Chemical Society, 105th meeting, Detroit, Michigan, 
April 12, 1943. 
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7. To be able to defend himself against hostile environmental 


forces. 

8. To participate effectively in the processes of democratic 
society. 

9. To develop into an adult—a mature, self-reliant person- 
ality. 


Obviously, there is nothing specifically chemical 
about this pattern of needs, nor should there be. A 
student is a whole personality. His environment is a 
total environment, embracing many factors, but in no 
sense either atomistic or fragmentary. His needs do 
not, in general, differ as he moves from course to course. 
Instead, the techniques—the learnings—contributed 
to the fulfillment of his needs by each educative experi- 
ence differ. It is apparent that knowledge and under- 
standing of chemistry can contribute markedly to stu- 
dent effectiveness in each of the first seven areas, while 
the method of conducting the course may greatly aug- 
ment growth in the final two. 

The foregoing pattern is, of course, insufficiently 
specific to provide adequate guidance in developing a 
chemistry course to be taught to students of agricul- 
ture, and must be broken down into a much more de- 
tailed statement. It does not reflect the agricultural 
objectives of the students for whom the course was de- 
signed, since the broad needs of all human beings are 
similar, regardless of vocational objective or place of 
origin. The fact that these students are largely Okla- 
homa boys who have spent most of their lives on farms 
does not invalidate the premise that they need to con- 
sume private goods intelligently, earn a living usefully, 
and use leisure time profitably and wisely. It does, 
however, affect markedly the kinds of goods they will 
consume, the manner in which they will earn their 
living, and the opportunities available to them for the 
enjoyment of leisure. Furthermore, the pattern as 
stated was not perfectly adapted to the teaching situa- 
tion and had to be changed in order to avoid wasting 
the time of the students participating in the experi- 

ment. To avoid duplication of their efforts, it was de- 
cided, at the suggestion of Professors J. E. Webster and 
J. G. Lee who were responsible for the offering in chem- 
istry for students of agriculture, to disregard the first 
two areas of need, those related to health and to per- 
sonal appearance. Most of the problems involved in 
them require chiefly the application of facts and prin- 
ciples which form a part of the organic chemistry 
course which is later required of all agriculture students. 
Because of this deletion the course is called inorganic 
chemistry rather than general chemistry, although the 
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latter would correspond more closely with the philos- 
ophy implicit in adapting a course to student needs. 
The breakdown of the areas of need resulted in the 
statement of a series of problems within each area, 
samples of which are given below: 
Area One: The student needs to be as effective a con- 
sumer of goods as possible. 


How can chemistry help me: 


1. To choose suitable metalware for the plumbing system, 
kitchen utensils, and other exposed metal devices for my 
home. 

2. To choose, use wisely, and conserve a fuel for heating my 
home. 

3. To choose safe antiseptics, disinfectants, and germicides 
for various uses. 


Area Two: The student needs to support necessary 
public services intelligently : 


1. How can chemistry help my community or farm purify its 
water? 

2. Howcan chemistry help my community detect crime? 

3. How does chemistry help our government maintain 
quantity and material standards? 


Area Three: The student needs to earn his living by 
some worth-while contribution to the community. 

It is within this area that the agricultural emphasis 
of the course becomes clear. Information collected 
frem the students at the beginning of the course indi- 
cated that comparatively few of them expected to be- 
come “dirt farmers,” but rather sought technical or 
semitechnical work in agriculture, such as a position as 
county agent, entomologist, or regional laboratory tech- 
nician. Their vocational objectives were, however, so 
uniformly agricultural that area three could be con- 
ceived as a study of the contribution chemistry might 
make to important problems of agriculture and its 
technically related fields. Among these were: 


1. How may undesirable odors and flavors in milk be pre- 
vented? 

2. What physicochemical problems must be considered in 
producing frozen dairy products? 

3. How can chemistry help control insects which may attack 
agricultural products? 

4. How can chemistry help me choose a fertilizer to replace 
lost essential soil constituents as cheaply as possible? 
How can I adapt my farm production to the needs of 

industry for farm-produced materials? 


or 


Area Four: The student needs to make effective use 
of his leisure time. 


1. Howcan chemistry contribute to my enjoyment of photog- 
raphy? 

2. Howcan chemistry contribute to my enjoyment of the fine 
arts? 


Area Five: The student needs to protect himself 
against hostile environmental forces. 


1. How can I protect myself against the commoner types of 
war gases? 

2. How can I contribute most, through chemistry, to con- 
servation of critical materials? 


Area Six: The student needs to participate effec- 


JOURNAL OF CHEMICAL EDUCATION 


tively in the processes of democratic society. (These 
are stated as needs rather than problems, since they 
served as factors in determining the course method, 
rather than as problems involving chemical fact and 
principle to be studied directly. The same is true of 
area seven.) The student needs: 


1. Touse libraries and other sources of information effectively, 
so that his political behavior will be well informed. 

2. To participate in making decisions concerning the policies 
of his group, in classroom or nation. 

3. To distinguish reliable ces of information from those 
which may be unreliable, or sources of special pleading. 

4. To understand the nature of the language in which he 
expresses himself, and to use it according to its semantic 
limitations. 

5. To understand the effects which the advance of science has 
had on possible standards of peacetime living, and on 
the validity of current economic concepts and social 
attitudes. 


Area Seven: The student needs to develop into an 
adult—a mature, self-reliant, balanced personality. 
The student needs: 


1. To be able to organize his work with the minimum of 
assistance from others, except experts called in to settle 
points beyond his experience. 

2. To complete undertaken obligations promptly and re- 
sponsibly. 

3. To find his chief motivation in his own values and goals, 
rather than in praise or blame. 

4. To exhibit respect for the personality of others—tolerance 
and cooperation. 


The objectives of the last two areas require that a 
minimum of coercive regulation and a maximum of 
flexibility characterize the program, so that students 
may have opportunity to plan their own work, carry it 
out in the way best suited to their needs, and assume 
responsibility for success or failure. But it is also 
essential that the instructor be able to predict most of 
the possible alternatives for carrying out the work, so 
that learning resources may be provided. Further- 
more, in the interest of order, it is necessary that cer- 
tain coordinating procedures be adopted by the group 
and enforced against all its members. These policies 
should be open to modification by parliamentary 
measures, should they become oppressive, but while in 
force they must be rigidly followed. These considera- 
tions led to the adoption of the following methodology 
for the course: 


1. A list of problems within each area of need, similar to and 
including those cited above as examples, is prepared and 
furnished to each student. 

2. Each student chooses one topic in each area, except area 
three, in which two are chosen, and writes an intensive 
report on the contribution of chemistry to the solution 
of this problem. 

3. A bibliography of available resources is provided to the 
students. These resources are augmented with funds 
derived from a fee charged the students in lieu of a text- 
book charge, since no textbook is used. 

4. Each student submits a card listing, summarizing, and 
evaluating his readings, each fortnight. He is not re- 
quired to read during each period, but must submit 
a card stating that no reading has been done if this is 
the case. In certain cases, particular references may 








nw M ® 


n¢ 


fre 
be 
th 


co 
fu 
ex 


> As Aa 





TION 


[hese 

they 
thod, 
t and 
ue of 


tively, 

olicies 
those 

ing. 


ich he 
nantic 


ce has 
nd on 
social 


tO an 


ality. 


um of 
settle 


id re- 
goals, 


Trance 


lata 
m of 
Jents 
ry it 
sume 

also 
st of 
k, so 
ther- 
t cer- 
roup 
licies 
itary 
ile in 
dera- 
ology 


-o and 


d and 


t area 
ensive 
lution 


to the 
funds 


a text- 


z, and 
lot re- 
submit 
this is 
5 may 








January, 1944 


be declared required reading, to provide a common 
background for class discussions. 

5. Laboratory exercises related to the problems within each 
area are prepared and distributed to the students. Re- 
ports may consist of answers to questions on the ex- 
periment, or brief ‘‘quizzes’’ on its content. 

6. Class discussions consist chiefly of considerations of the 
basic chemistry underlying each problem selected by 
ene or more students. Selections are indicated on a 
specially prepared sheet which is returned to the in- 
structor as soon as possible after the opening of an area, 
so that he may guide his preparations by it. 

7. Evaluation is carried out by carefully prepared, machine- 
graded tests designed to measure the ability of the 
student to use chemistry to help solve the problems in- 
volved in each area. Examples will be cited. 

8. Each laboratory section of the course elects two or three 
persons, depending on its size, to meet each week with 
the instructor to discuss difficulties which may have 
arisen with the work, to suggest modifications in pro- 
cedure, and to plan future work, so as to adapt it as fully 
as possible to the students’ conception of student needs. 


If the description of method is to be meaningful, ex- 
amples of materials used in the course must be given. 
Some of the books which were made available to the 
students for extensive use were: 


1. AHRENS, BusH, AND EASLEY, “Living Chemistry,’’ Ginn 
and Company, New York, 1942. 

2. BERNAL, “The Social Function of Science,’’ The Mac- 
millan Company, New York, 1939. 

3. RIEGEL, “Industrial Chemistry,’? Fourth ed., Reinhold 
Publishing Corporation, New York, 1942. 

4. Ruopes, ‘Forensic Chemistry,’’ Chemical Publishing 
Company, Inc., New York, 1940. 

5. RoGers AND AssociaATES, ‘“‘Fundamentals of Dairy 
Science,’”’ 2nd ed., Chemical Catalog Company, New 
York, 1935. (A. C. S. Monograph No. 41.) 

6. Rice, ‘Electronic Structure and Chemical Binding,’’ 
McGraw-Hill Book Company, Inc., New York, 1940. 

7. GORTNER, ‘Selected Topics in Colloid Chemistry,” 
Cornell University Press, New York, 1937. 

8. U.S. Dept. Agr. YEARBOOK, ‘‘Soils and Man,’’ Washing- 
ton, D.C., 1938. 

9. MarrtTIn, “Scientific Principles of Plant Protection,” 3rd 
ed., Longmans Green and Company, New York, 1940. 

10. Prentiss, ‘‘Chemicals in War,’? McGraw-Hill Book Com- 
pany, Inc., New York, 1937. 


This is by no means a complete list of materials used, 
nor are all the titles listed equally important. Obvi- 
ously, a very wide range of difficulty is represented, 
from Ahrens, an elementary book which is invaluable 
because its unique arrangement coincides closely with 
that of the course, to Rice, which was useful only to 
the more able students for special reference purposes. 

The laboratory work performed must also be more 
completely described, if its role in instruction is to be 
fully understood. The following titles exemplify the 
experiments performed by the class: 


1. To synthesize certain paint pigments, and study the effect 
of some reagents on them; to mix and apply a lacquer; 
to test the effect of certain reagents on painted wood 
and metal strips. 

2. To study the relation of heat and temperature. 

3. Tostudy the purification of water. 

4. Tostudy certain applications of chemistry to the detection 

of crime (finger print development, identification of 

stains, and disclosure of alterations in documents). 
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5. To study certain colloidal and physicochemical properties 


of milk; to study the effect of lyotropic series on the 
rate of coagulation of milk and the role of calcium in 
such coagulation. e 

6. To determine the percentage of copper in Bordeaux mix- 
ture. 


The foregoing does not include several experiments 
of the more conventional type, designed to familiarize 
students with units of measurement, titration, colori- 
metric determination of pH,t he colloidal state, and 
others, which were derived from ‘‘Semimicro Exer- 
cises in General Chemistry,” by Burrows, Arthur, and 
Smith, with the permission of the authors. 

The examinations by which student achievement in 
this course was evaluated were developed with one 
prime consideration in view: the examination must 
measure the kinds of behavior which it is the objective 
of the course to foster in the student. No item is in- 
cluded, therefore, unless it is logical to suppose that a 
student must apply chemistry to the solution of an im- 
portant problem, or some part of one, in order to suc- 
ceed on it. It is naturally an additional virtue if the 
items may be stated in such a form that they may be 
rapidly, conveniently, and accurately graded. It was 
found possible to prepare all examinations in a form 
suitable for machine grading without sacrificing the 
prime consideration. Some of the items resemble 
conventional objective items very closely, while others 
are more unusual in structure. To illustrate this the 
following samples of items included in the first semester 
final examination are reproduced: 


A. Directions: In each of the questions asked or implied below, 
select those of the possible answers which are correct, and 
in the form on your answer sheet bearing the same number 
as the question, blacken the spaces having the same number 
as the answers. Each question may have any number of 
answers, from none to five. 

1. If certain of the following statements were true of alumi- 
num, it would be much less suitable for the manufac- 
ture of pots and pans than it is: 

1. If there were only half as many aluminum atoms in 
the world as there are. 

If aluminum did not become coated with a film of its 

own oxide when exposed to air. 

If aluminum had 13 less protons in its nucleus. 

If aluminum were less active than copper. 

If aluminum lost electrons much more easily than it 

does. 

2. Charcoal is used in water purification in order to: 

Destroy pathogenic organisms that may be in the 

water. 

Remove most odorous or colored impurities. 

Soften the water. 

Increase the epsilon potential of the water at the ex- 

pense of the zeta potential. 
5. Show whether the bacterial content of the water has 
been reduced. 

3. In the time required to heat an enameled saucepan con- 
taining its own weight in water to the boiling point of 
the water, an empty saucepan of the same kind heated 
over the same size flame might be ruined. Among the 
reasons why this is true are: 

1. A saucepan cannot be heated much above the boiling 
point of its contents for very long. 

2. The coefficients of thermal expansion of metal and 

enamel are not precisely the same. 
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3. The specific heat of water is higher than that of most 
substances. 
Enamelware is attacked more rapidly by boiling water 
than by water at room temperature. 
5. The boiling of water consumes less than 100 cal./g. 


B. (Example abridged) 


Mr. and Mrs. Smith, a young couple with a good scientific 
background and a high priorities’ rating, are setting up their 
new home and establishing themselves in the community. In 
doing so, they make the following choices: 


21. Mrs. Smith chooses pyrex baking dishes for her kitchen. 

122. Mrs. Smith chooses a paint with a zinc-white base as a 
wall finish for her kitchen. 

123. Mr. Smith chooses copper plumbing for installation 
throughout the house. 

124. Mrs. Smith chooses chlorox to help in washing the dishes 
and dishcloths. 

125. Mr. Smith chooses copper sulfate to help keep algae out 
of the fish pond. 


Below, you will find listed a series of chemical facts and prin- 
ciples which may be reasons why the Smiths made the choices 


above. Some of these reasons are true statements, some are 
false statements. They bear two sets of numbers, 61-75, and 
1-15. 


Identifying the statement by the first set of numbers (61-75), 
blacken the space marked T in your answer sheet if you believe 
the statement to be true, and F if you believe it to be false. 

Then, no matter how you marked each statement, assume every 
statement to be true and decide whether, if it were true, it would 
be a reason for one or more of the choices which Mr. and Mrs. 
Smith made. If you believe it would be such a reason, then 
identify it by its second number (1-15) and, in the row on your 
answer sheet bearing the same number as the choice you think it 
justifies, blacken the space bearing the same number as the rea- 
son. 


Reasons: 


61-1 Materials composed chiefly of mixtures of metal sili- 
cates are usually highly resistant to mechanical 
breakage. 

62-2 Cupric ions are very toxic to plants. 

63-3 Glass has a lower specific heat and better thermal con- 
ductivity than most metals. 

64—4 There are fewer protons in a zinc atom than there are 
electrons in the orbits surrounding its nucleus. 

65-5 Compounds containing copper are harmless to animal 
life. 
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66-6 Materials composed chiefly of mixtures of metal sili- 
cates resist most kinds of corrosion. 

67-7 Metals below hydrogen in the electromotive series can- 
not react with water containing no oxidizing mate- 
rials, no matter how long they are exposed to it. 

68-8 Metals denser than aluminum can react only with 
strong oxidizing agents. 

69-9 When a solution of sodium hypochlorite is used as an 
oxidizing agent, common salt is the only product 
derived from it which remains in solution. 


Until the statistical comparison of the experimental 
course and its control group have been completed, no 
statements as to the superiority or inferiority of the 
experimental procedure can be made, but certain sub- 
jective, noncomparative judgments may be stated 
now. The morale of the students in the experimental 
course has been excellent. Despite the very much 
greater responsibility imposed on the student, and the 
greater latitude allowed in discharging it, there has 
been no widespread feeling of insecurity, and little 
slackness. The results with reference to reading have 
not been so good; the students’ reading pattern tends to 
become somewhat amorphous. But this has been par- 
tially corrected by citing references more specifically. 
The student committee has functioned admirably and 
in the author’s opinion is largely responsible for the 
good morale maintained in the face of new and often 
disconcerting procedures. Factual learning appears to 
have proceeded satisfactorily, although any judgment 
on this point must be made cautiously; preliminary 
statistical results are, however, favorable. 

The chief defect of the course as it is now offered 
appears to be over-intellectualization of the instruc- 
tional method. It should be revised to depend less on 
reading and interpretation of laboratory results, and 
more on utilization of visual aids and student partici- 
pation of a less cerebral sort. The Oklahoma farm boy 
has not an active literary heritage nor the semantic 
ability to interpret abstractions easily in terms of his 
own living. Provision for these limitations is the most 
urgently needed improvement in a method which ap- 
pears, in the light of our experience at Oklahoma A. and 
M.., to be promising. 





BIOLOGICAL MINING (Continued from page 31) 


concentrated by an ascidian, and by a holothurian 
(sea slug) found off the Cornish coast. Iodine, al- 
though present in very minute traces in the ocean, is 
concentrated in certain seaweeds and has been extracted 
commercially from the ash. Seaweed is used in Ire- 
land as a fertilizer because of its high concentration of 
potassium, a necessary fertilizer ingredient. 

The blue blood of lobsters and king crabs is due to 
the presence of copper instead of iron, and organic cop- 
per salts in marine organisms are of great use in treating 
pernicious anemia. Arsenic, too,is found in several 
of the ocean crustaceans. 

Another well-known example of biological mining is 
the plant Astragalus pectinatus, which takes up selenium 


from the soil. Selenium has little economic value, and 
this phenomenon remains merely a scourge on animal 
raising on selenium-containing soil. There is also geo- 
chemical interest in the concentration of radioactive 
mesothorium by a pond plant. 

Plants which extract gold have been used in pros- 
pecting in Colorado to locate veins. Millions may be 
awaiting the biologist who develops a seaweed which 
likewise uses gold in its tissues. A sea organism which 


concentrates tin would be of more intrinsic value today, 
and is not entirely out of the question because there is 
a certain species of yellow violet which grows only where 
it can get tin.—Jndustrial Bulletin of Arthur D. Little, 
Inc. 
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LETTERS 


To the Editor: 

The trenchant editorial in your October issue on the 
difficulties of teaching chemistry in a one-year course 
to high-school students, recalls Sir Harry Lauder in his 
impersonation of a Scotch schoolboy, when he fishes 
something out of his pocket and says slyly. “That’sa 
washer. That’s what they make motor-cars with.” 
Professor Hauser rightly insists upon experimental 
demonstrations, which, if properly chosen, can and 
should arouse enthusiasm in the student; but some 
kind of coherent explanation must bind the facts to- 
gether, if interest of the student is to be maintained by 
comprehension of how the ‘‘motor-car” of chemistry 
works, without resort to obsolete theories or asphyxia- 
tion by excessive detail. 

My own experience in talking to mixed audiences 
is that the nearer experimental instances come to the 
affairs of daily life, the greater the interest aroused in 
most people. Colloid chemistry touches upon many of 
the practical happenings in the kitchen and household 
and shop and farm, and simple explanations for many 
of these happenings can be given, even though the 
ultimates are infinities beyond human understanding. 
We must, of course, distinguish between experimental 
facts and the changing and often divergent theories 
set up to explain them. Thus, few doubt the reality of 
biological evolution, though there is no unanimity of 
opinion as to how it was accomplished. 

Dr. Hauser brands as ‘‘definitely wrong” the state- 
ment taken from recent high-school chemistry texts 
“that the addifion of protective colloids aids in the 
digestion of foods, such as the addition of gelatin to 
ice cream.’’ About 35 years ago I observed, on watch- 
ing the coagulation of cows’ milk in the ultramicroscope, 
that the formation of coagula was inhibited when I 
added gelatin or gum arabic, well known even then as 
“protective colloids.’ With Dr. J. G. M. Bullowa, I 
extended these experiments to mothers’ milk and found 
that this more highly protected milk (about 7 times the 
protection, based on lactalbumin ratio to casein) was 
not readily coagulated by acid or by rennin, and that 
the coagula were much smaller than those of cows’ 
milk. An examination of the medical literature re- 
vealed that the eminent pediatrician, Dr. Abraham 
Jacobi (subsequently President of the American Medi- 
cal Association), had written in his book, ‘Intestinal 
Diseases of Infancy and Early Childhood,” the follow- 
ing: 

“But it is not the chemical formula alone which determines 
the rank of a substance as nutrient. To the equivalents of the 
chemical formula of cow casein infant mathematics would not 
object, did not the infant stomach revolt against it.1... There 
is no doubt, therefore, as to the utility of gum-arabic and gela- 
tin as an addition to cow’s milk and to children’s diet. Not 
only do they fulfill the indication of diminishing and distributing 


the particles in cow’s milk, but they also officiate as a means of 


direct nourishment by preventing waste.’”? 





1 Vol. I, p. 45. 
2 Pp. 65. 
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Further information can be had in papers by Alex- 
ander and Bullowa in the Archives of Pediatrics and the 
Journal of the American Medical Association, both for 
1910, and in Alexander’s ‘‘Colloid Chemistry,” 4th 
edition (D. Van Nostrand Company, Inc., 1937). De- 
spite differences in theoretical explanation, protective 
colloids do protect—as we see, for example, in the photo- 
graphic emulsion. 

Dr. Hauser’s insistence on logical thinking and 
logical reasoning, and on the value of mathematics in 
this direction, are both timely. But we must dis- 
tinguish between pure mathematics and applied mathe- 
matics. As the mathematician Sylvester remarked, 
a pure mathematician is never so happy as when he 
does not know what he is talking about—for then he is 
not bound to the exact congruence of his mathematical 
statements or formulas with the physical facts of a 
problem. Formulas based on erroneous assumptions 
generally lead to wrong conclusions, no matter how im- 
peccable the mathematical technique. Sylvanus P. 
Thompson’s ‘“‘Calculus Made Easy”’ shows that even 
“higher” mathematics can be given a local habitation 
and a name. 

JEROME ALEXANDER 


50 East 41st STREET 
New York, NEw YorK 


To the Editor: 

Referring to Mr. Alexander’s discussion of the effect 
of protective colloids on the digestion of foods, I 
would like to offer the following: 

I admit that the wording of my address, to which 
Mr. Alexander refers specifically, was too condensed 
and therefore perhaps misleading. The complete 
reference in the textbook referred to reads as follows: 
‘Protective colloids seem to aid in the digestion of food. 
Most commercial ice cream contains about !/2 per cent 
gelatin. Careful observations over many years seem 
to indicate that the gelatin aids in the process of diges- 
tion of such foods.” 

I am in full agreement with Mr. Alexander’s experi- 
ments and literature references as far as various types 
of milk and their coagulation are concerned. That 
the protective colloid prevents the formation of lumpy 
coagula and thus facilitates digestion is well known to 
every colloid chemist. To the high-school student, 
however, the why would have to be explained first. 
It is not, as the text would iridicate, that the protective 
colloid as such aids digestion, but that it assists in the 
distribution of the food to be digested, when it is 
coagulated. d 

However, the main reason for the addition of gela- 
tin to ice cream is to prevent the formation of long 
sharp, pointed ice crystals which would detract from 
the creamy smoothness of the product. 

ERNST A. HAUSER 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 











The Reduction of Ferric Oxide to Iron 


JANE NASH 


Northwestern University, Evanston, Illinois 


NE OF THE most familiar experiments! in general 

chemistry is the determination of the equivalent 
weight of a metal by reduction of its oxide in hydrogen. 
At Northwestern the metal oxides are issued to the 
students in the form of unknowns. Very satisfactory 
results have been obtained with the oxides of copper 
and of nickel, but students often make large errors in 
the reduction of ferric oxide. This has led to the sup- 
position that there must be some ambiguity in the 
laboratory directions. The purposes of this work were 
to find directions which would give results with a mini- 
mum of error, and at the same time to examine the 
products formed during the course of the reduction. 

It is well known that the reduction of ferric oxide 
passes through several stages, involving, perhaps, solid 
solutions of the various reduction products. Emphasis 
was, therefore, placed on the time and temperature of 
heating of the ferric oxide. 

C. p. ferric oxide was first weighed, strongly heated, 
then weighed again to determine its moisture content, 
which proved to be negligible. A sample of the oxide 
was then weighed in a porcelain boat which could be 
strongly heated in an atmosphere of hydrogen. Tem- 
peratures were determined by a single junction chro- 
mel-alumel thermocouple. 

Final weighing of the porcelain boat and reduction 
product was sometimes done in a hydrogen-filled test 
tube because it was discovered that when the oxide had 
reached certain stages of. reduction it reoxidized imme- 
diately on exposure to air. 

In the first test to be described, the oxide was reduced 
under conditions paralleling as closely as possible the 
standard laboratory directions for this experiment. 
About 0.5 g. of ferric oxide was heated in a stream of 
hydrogen at about 500°C. for five minutes. During 
this time the oxide quickly turned black and then, 
more slowly, just began to turn gray. It was cooled in 
hydrogen, then removed for weighing. The moment 
that the boat was removed from the hydrogen atmos- 
phere the material began to change color to a brownish 
orange. The boat became very hot. This material 
weighed almost the same as the original ferric oxide. 

One important source of error in this experiment now 
becomes clear. At certain stages of reduction the ma- 
terial suffers spontaneous reoxidation in air. Students 


1 SELWOOD, THIS JOURNAL, 19, 375 (1942). 


Everyone is familiar with the life-saving blood banks now in existence. 


in a hurry to complete this experiment have sometimes 
been criticized for trying to weigh the porcelain boat 
and contents while they are still warm. In at least 
some cases, it now becomes evident, the boat was cool 
before being removed from the hydrogen but spontane- 
ous reoxidation took place immediately on exposure to 
air. 

In the next experiment the oxide was heated twice as 
long at the same temperature. During the first few 
minutes the powder turned a deep black. Then it 
gradually changed to a fairly light gray. The loss of 
oxygen was 30.8 per cent, compared with a theoretical 
oxygen content of 30.06 per cent in Fe,03. The re- 
duction product, which must have been practically pure 
iron, did not change in the least when it was gently 
heated in air. 

The main purpose of this work had, therefore, been 
achieved. The complete reduction of ferric oxide may 
be obtained by extending the reduction period to about 
ten minutes at about 500°C. It is essential that the 
first black reduction product be completely converted 
to gray. These directions apply to a 0.5 g. sample of 
oxide. 

Several tests were now made in an effort to learn 
more of the composition of the pyrophoric and par- 
tially reduced oxide. The products were weighed in 
hydrogen. The results are summarized in Table 1. 


TABLE 1 
Activity toward Reoxidation 


Test % Loss of Or Color in Air 


1 7.47 Slightly gray Spontaneous on gentle heating 
2 1.02 Black Spontaneous at 180°C. 
3 21.6 Slightly gray Spontaneous on gentle heating 
4 8.87 Black , Spontaneous at 100°C. 
5 14.0 Black Spontaneous at 80°C. 


It is clear that activity toward reoxidation is found 
over widely differing oxygen content. All the partially 
reduced oxides were attracted to a magnet, and in some 
cases the reoxidized product was also ferromagnetic. 
We are unable to state precisely what condition leads to 
maximum pyrophoricity. Metallic iron appears not to 
be responsible. Possibly ferrous oxide is the pyro- 
phoric substance and this starts the oxidation of Fes, 
which must also be present. The ferromagnetism of 
the final reoxidation product may be due to y-Fe2Os. 

This work was done at the suggestion, and under the 
direction, of Professor P. W. Selwood. 


Not so 


well known is the fact that nerve banks have reached the rat, cat, and monkey stage 


of laboratory development. 


To prepare nerves for the bank they are removed from 


the body under germ-free conditions and frozen at a temperature of —195°C. They 
are then dehydrated in a vacuum and stored in sealed sterile containers. 
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Coprecipitation of Barium in Group II 
of the Qualitative Procedure 





WILLIAM T. HALL 


Rochester, Massachusetts 


N A PAPER by Leo Lehrman and Irwin Mandel, 

considerable experimental evidence is given to show 
that when a student of qualitative analysis misses bar- 
ium it is not during the testing for the silver or copper- 
tin groups. With respect to the silver group, some texts 
state that barium chloride may be precipitated if too 
much hydrochloric acid is present. I have seen stu- 
dents dissolve a sample in concentrated hydrochloric 
acid and get a residue of barium chloride. They have 
mistaken it for a member of the first group, but since 
the precipitate is soluble in water and gives a yellow 
precipitate with chromate ions, lead is the only cation 
for which the barium can be mistaken, and this error 
only rarely accounts for missing the barium. 

With respect to Group II, there is grave danger of 
carrying down barium sulfate with the sulfides if the 
solution is hot and contains an oxidizing agent. I have 
known an honor student to miss barium in this way 
and spend about 12 hours trying to find the barium 
when the instructor told him that it was present in the 
solution given out for analysis. The older chemistry 
tests used to require the removal of nitric acid before 
the introduction of hydrogen sulfide to precipitate 
Group II. A. A. Noyes in his excellent text recom- 
mends the use of nitric acid for making the solution 
0.3 N in mineral acid before precipitating the copper- 
tin group, but he recognizes the fact that a chloride 
solution is better if hydrogen sulfide is to be passed into 
a hot solution to precipitate arsenic sulfide. Therefore 
he recommends diluting the solution, heating nearly to 
boiling, and introducing hydrogen sulfide to the fil- 
trate from the first sulfide precipitation. If a yellow 
precipitate is formed, suggesting arsenic, the directions 
call for adding hydrochloric acid and evaporating until 
all the nitric acid is removed. If the solution contains 
only hydrogen sulfide, most of it is boiled off without 
being oxidized, but if a precipitate of arsenic sulfide is 
present this will dissolve eventually in the aqua regia, 
with the formation of arsenic and sulfuric acids. Then, 
if a little barium is present, a fine precipitate of barium 


1 J. Phys. Chem., 47, 264-6 (1943). 
2 Z. anal. Chem., 124, 391-429 (1942). 


Today the development engineer is in a most fortunate position. 


sulfate will form which is likely to be mistaken for 
finely divided sulfur. The conclusion of Lehrman and 
Mandel that barium is never precipitated with the 
copper-tin group is, therefore, wrong. 

One gets the idea from the above-mentioned paper 
that the loss of barium is likely to be the result of physi- 
cal and not chemical causes, though, of course, no one 
can define sharply just where physics ends and chem- 
istry begins. In a recent paper by Shulek and Boldi- 
zar® the opinion is advanced that many cases which 
have been attributed to adsorption, occlusion, etc., 
are really due to the formation of insoluble precipi- 
tates. As an example they cite the difficulty in 
getting pure precipitates of barium sulfate, but 
it seems to one who has read most of the evidence 
that it is somewhat doubtful whether such precipi- 
tates as (BaCl)2SO, really exist. However, in the case 
of barium there are many insoluble compounds which 
may form in Group III of qualitative analysis. Thus, 
if the solution is allowed to stand very long after the 
addition of ammonia, carbon dioxide will be absorbed 
from the air and barium carbonate will be precipi- 
tated. Then, too, barium may precipitate as oxalate, 
phosphate, tartrate, fluoride, chromate, chromite, etc. 

Some texts on qualitative analysis pay very little 
attention to any of these barium compounds, and only 
very few texts realize that barium, strontium, and cal- 
cium, like zinc, are likely to precipitate as insoluble 
chromites when trivalent chromium is present, although 
the fact that zinc precipitates with chromium has been 
much emphasized. If an old solution of ammonium 
sulfide is used to precipitate the sulfides of iron, nickel, 
cobalt, manganese, and zinc, there is danger of the pre- 
cipitation of some barium sulfate. All things con- 
sidered, the most serious cause for the missing of bar- 
ium by a student is unquestionably the formation of 
barium sulfate, because unless the student knows bar- 
ium is present he will easily overlook the fine precipi- 
tate. The precipitate is easy to handle because hot 
sodium carbonate solution converts it quite readily 
into water-soluble sodium sulfate and acid-soluble bar- 
ium carbonate, but very few texts provide definitely 
for its possible formation. 


He has more 


to choose from—new copper-base alloys and higher quality brasses and bronzes. 


War has always had a profound influence on brass making. 


Munitions demand the 


best—impeccable quality, dependable uniformity, close tolerances, unbelievably high 


production. 
mechanical nature. 


Conditions during this war are more rigorous than ever because of its 
Fast operating guns and artillery use up untold quantities of 


ammunition, most of which is made from easily worked brass.—Copper Alloy Bulletin 
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Report fine 
NEW ENGLAND ASSOCIATION 


of  OHEMISTRY TEACHERS 


The Vitamins 


Their Industrial Development and Importance as Strategic Materials 


C. R. ADDINALL 
Merck and Company, Inc., Rahway, New Jersey 


“And I heard a voice in the midst of the four beasts say, A measure of wheat for a penny, and three meas- 
ures of barley for a penny; and see thou hurt not the oil and the wine.’—The Revelation of St. John The Divine 


HERE is nothing essentially new in our modern 

concept that inadequate diets cause disease or in 
our all too omnipresent realization that wartime needs 
and conditions bring about food shortages. The in- 
evitable sequence so well known to primitive peoples is 
vividly pictured in the vision of the four riders of the 
Apocalypse, the horsemen of conquest, war, famine, 
and death. The actual and effective difference lies in 
our present-day knowledge of the treatment of nutri- 
tional deficiency diseases with the vitamins that are 
available in commercial quantities, thanks mainly to 
the efforts of American science and industry. 

The data from careful dietary surveys show that 
there are large numbers of people in the United States 
who live on diets which do not contain enough vitamins, 
particularly those of the vitamin B complex. From the 
view of preventive medicine, the evidence is conclusive 
that there is a great opportunity to improve the health 
of the nation by increasing the vitamin content of the 
diets of a considerable part of our population. Chronic 
malnourishment is observed among people in every 
walk of life; the malnourishment due to a lack of the 
proper kind and quality of foods which makes for hidden 
hunger, lessened vigor of mind and body, a low level of 
resistance to disease, and a shattered capacity for 
bearing the burdens of everyday life. This nutritional 
unfitness was observed in many of the young men re- 
jected in the draft. 

The several hundred delegates who attended the 
Washington Nutrition Conference in 1941 were aware 
of the necessity and opportunity to improve the na- 
tion’s diet and were conscious of the losses in vitamins 
in the American diet due to wasteful practices in the 
consumption of milk; the lack of fruits and raw greens 
in the diet; the increased and excessive consumption 
of sugar; and the decortication of grains by modern 
milling methods which reduce the riboflavin con- 
tent to one-third, the niacin to one-fifth, and the thiamin 
content to one-seventh of the original values. These 


essential vitamins which are removed from flour in mill- 


ing and baking processes can be readily reintroduced. 
Thus, in consideration of the above views of deficiencies 
in vitamins and opportunities for improvement of the 
diet, the enrichment of flour and bread has now become 
a matter of government regulation. Today, according 
to standards made public by the Federal Security 
Agency in the Federal Register of July 3, and effective 
on October 1, 19438, the following minimum and maxi- 
mum levels per pound of enriched flour are set out: 
thiamin, 2.0 to 2.5 mg.; riboflavin, 1.2 to 1.5 mg.; 
niacin, 16.0 to 20.0 mg.; iron, 13.0 to 16.5 mg.; cal- 
cium, 500 to 625 mg. (optional); and vitamin D, 250 
to 1000 U.S. P. units (optional). The proposed bread 
standards will shortly be issued. 

It has been estimated that the United States’ re- 
quirement for enriched flour is at present in the neigh- 
borhood of 40 per cent of the total annual consumption 
of more than 100,000,000 barrels of flour. The above 
minimum requirements for enrichment call for 2/5 g. 
of thiamin, !/, g. of riboflavin, and 3!/, g. of niacin per 
barrel of 196 lbs. of flour and thus for more than 16,000 
kilos ‘of vitamin B,, 10,000 kilos of riboflavin, and 
130,000 kilos of nicotinic acid (niacin) per annum. To 
these huge quantities must be added the large require- 
ments for our armed forces and for Lend-Lease ship- 
ments to our partners in the Allied Nations. Long 
before the war, Germany had recognized the importance 
of vitamins, and in her rearmament program had in- 
cluded factories for their production along with those 
for manufacturing armaments and explosives. Syn- 
thetic vitamins were important ingredients in the field 
rations of all Axis shock troops. The Allied Nations 
similarly recognized their importance, and synthetic 
vitamin products are included in the emergency ration 
of all their armed forces. Besides the requirements of 
the armed forces, the Lease-Lend program has supplied 
large quantities of vitamins for the warring and war- 
stricken peoples of the Allied Nations. These demands 
for vitamins are so stupendous that a brief considera- 
tion of the methods of isolation and synthesis of the 
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vitamins and the various problems involved in their 
commercial development may be of more than passing 
interest. 

The actual commercial development of the synthetic 
production of vitamins was initiated by a chance pro- 
cedure that had apparently little connection with the 
vitamin industry as we know it today. By a chain of 
fortuitous events, it had become possible to synthesize 
the hitherto rare ascorbic acid from glucose by a simple 
set of chemical and biochemical reactions and, in 1934, 
to introduce synthetic vitamin C commercially. A 
gradual realization that the increasing commercial de- 
mand for this material could be supplied by a synthetic 
material made from glucose gradually led to a fresh 
concept of the nature of the vitamins. It began to be 
apparent that, after all, the vitamins might turn out to 
be substances capable of economic synthetic commer- 
cial production—a probability that has become an as- 
tonishing reality. The early commercial supply of 
vitamin C was little more than a scientific novelty and 
was sold to the trade in ounces. Its use in the bever- 
age and related food industries gradually increased, so 
that today, under General Preference Order M-269, 
the sale of vitamin C in the United States is governed 
by priority ruling to control the estimated production of 
6,000,000 Ib., a figure that may reach 8,000,000 in 1944, 
a decade after its introduction. 

Following the successful introduction of vitamin C, 
Merck & Co., Inc., began a collaboration with Dr. R. 
R. Williams that was to lead to the now familiar but 
nevertheless brilliant synthesis of vitamin B; Asa 
result of several years of intensive work, aided by the 
introduction of quinine salts for elution of the vitamin 
from its adsorption on fuller’s earth, and by control of 
the progress of isolation by curative tests on polyneu- 
ritic rats, Williams and his coworkers were able to de- 
vise a method for securing consistent yields of the 
antineuritic vitamin hydrochloride of approximately 5 g. 
per ton of rice polishings. By processing tons of rice 
polishings in large-scale commercial equipment, suffi- 
cient of the precious natural vitamin in the pure crys- 
talline state was obtained to permit the continuation of 
the analytical studies that had already shown the ready 
cleavage of the vitamin into pyrimidine and thiazole 
portions, and to facilitate the investigation and ulti- 
mate successful synthesis of the pyrimidine moiety 
and of the vitamin itself. The culminating stage of 
final successful commercial synthesis was soon ac- 
complished, so that, today, the enormous demands 
for this pure crystalline product can be readily satis- 
fied. 

The vitamin theory of Funk had postulated the exist- 
ence of various deficiency diseases, including rickets, 
Scurvy, beriberi, and pellagra. Previous to 1920, the 


antiberiberi vitamin factor had been relegated to the 
water-soluble: B factor of McCollum and Davis and, 
consequently, designated as vitamin B. The work of 
Smith and Hendrick in 1926 showed the presence of 
both growth and antiberiberi factors in the so-called 
vitamin B extracts. 


Thus, when Goldberger further 
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demonstrated that these extracts from liver, yeast, and 
other food sources also contained an antipellagra fac-~ 
tor, confusion resulted, and it was not until recently 
that the tangles of the so-called vitamin B complex 


have been straightened out. The confusion has been 
cleared up, due mainly to work in related fields on 
growth factors and to broader concepts of the biological 
function of the vitamins. The many investigations of 
the growth-stimulating factors contained in sterile 
decoctions of yeast, termed “‘bios’’ by Wildiers in 1901, 
have led to the recognition of vitamin B,, Be, biotin, 
pantothenic acid, and inositol as well-established mem- 
bers of the group. Growth factors for other micro- 
organisms include, in addition to those named, vitamin 
Be, nicotinic acid, folic acid, p-aminobenzoic acid, and 
choline—all of which occur in vitamin B extracts. 
It seems probable, therefore, that all these compounds, 
which are growth factors for microorganisms, may func- 
tion as vitamins for animals and that they all play a 
vitally important part in life processes. Many of these 
compounds were previously well-known chemical en- 
tities. The use of their long-established names and the 
adoption of other names, such as th amin, to replace 
previous nomenclature with therapeutic indication, is 
rapidly rendering obsolete the terminology, vitamin By, 
Bo, Be, etc. 

Historically, the scientific study of riboflavin pro- 
ceeded for many years independently of the concurrent 
vitamin investigations. The chemical nature of this 
water-soluble, yellow-green fluorescent pigment of 
whey attracted the attention of Blyth in 1879, and its. 
more obvious properties were described by Bleyer and 
Kallman in 1925. In 1932, Warburg and Christian 
described a new oxidation enzyme whose prosthetic 
or chemically active grouping was a pigment compo- 
nent, which in irradiation in alkaline solution and sub- 
sequent acidification, gave the yellow chloroform- 
soluble lumiflavin which was also readily obtained from 
the relatively heat-stable pigment of whey. Three 
different laboratories in 1933 reported on the relation- 
ship and probable identity of the water-soluble yellow- 
green fluorescent pigments—the lyochromes of milk, 
liver, egg-albumen, etc.—with the growth-producing 
vitamin Bz. For these pigments Kuhn and his co- 
workers suggested the group name, flavins. Further 
investigation showed the common occurrence in many 
natural source materials of an identical flavin with 
maximum vitamin potency—the riboflavin of the vita- 
min B complex. 

The pioneering work of Kuhn on the structure of 
riboflavin showed its close relationship to lumiflavin 
and proved it to be a d-ribose derivative of isoalloxazine. 
Various laboratory syntheses were devised, but only 
by immense labor and infinite pains and trouble has it 
been possible to fashion a suitable commercial synthe- 
sis capable of supplying today’s enormous demand for 
this vitamin so essential for nutritional purposes. 

Funk originally listed pellagra among the deficiency 
diseases, and, in the United States, as early as 1915, 
Goldberger and his collaborators suggested that the 
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lack of certain dietary constituents might play an im- 
portant role in the develop:nent of pellagra, but it was 
not until about 1926, when it was found that the ther- 
mostable portion of vitamin B had pellagra-preventive 
properties, that serious search for this factor began— 
an investigation hampered by failure to distinguish 
between human pellagra and apparently similar forms 
of dermatitis in rats and chicks. Gradually, it be- 
came realized that black tongue in dogs was analogous 
to human pellagra and investigation of this disease, 
which was alleviated by liver extracts, led to the dem- 
onstration in 1937 that synthetic nicotonic acid would 
cure black tongue in dogs. This isolation of nico- 
tinamide (previously obtained from horse blood by 
Warburg and Christian in 1935) from liver was achieved 
by distillation of concentrates in a molecular still, and 
the amide was shown to be the effective liver factor 
curative of black tongue. Almost immediately, nico- 
tinic acid (niacin) was successfully applied in the treat- 
ment of pellagra in human beings who usually suffer 
from multiple vitamin deficiency but whose character- 
istic symptoms are certainly due to niacin deficiency. 

The work of Gyérgy (1934-36) showed that the 
rat pellagra or dermatitis, at one time confused with 
human pellagra, could be cured by a factor present in 
yeast to which he gave the name vitamin Bs—a factor 
subsequently shown to be identical with the “‘yeast- 
eluate factor’”’ of Macrae and coworkers. The disease 
resembles a particular disease of infancy termed ‘“‘pink 
disease’ or acrodynia which is characterized, in the rat, 
by severe dermatitis on the extremities, the paws, nose, 
and ears. In 1938, the vitamin was isolated almost 
simultaneously by a number of investigators (Lepkov- 
sky, Gyérgy, Kuhn and Wendt, Keresztesy and 
Stevens, Iehiba and Michi). In the course of a year, 
the structure of the vitamin was elucidated, and the 
vitaminfitself was synthesized by Harris and Folkers of 
the Merck Research Laboratory. 

The pellagra-like dermatitis in chicks bred under 
conditions of controlled deficiency is due, not to nico- 
tinic acid deficiency, but to the lack of another vitamin 
of the B group which in the past was called the “‘chick 
anti-dermatitis vitamin’ or ‘‘filtrate factor.’”’ Con- 
centrates of this elusive vitamin were obtained in the 
laboratories of Elvehjem in Wisconsin and of Lepkovsky 
and Jukes in California, and by 1939 Elvehjem and his 
coworkers were able to show that the factor was labile 
to hot acids and alkalies and contained in its molecule 
beta-alanine and a hydroxy acid which was capable of 
ready lactonization. 

In 1933, R. J. Williams and his collaborators had dis- 
covered an acidic substance of widespread occurrence 
which stimulates the growth of yeast. During sub- 


sequent years, Williams was able to concentrate this 
yeast growth factor which he called pantothenic acid 
and to obtain as a final product a calcium salt which 
he estimated to have a purity of about 90 per cent. 
Williams and his coworkers showed that pantothenic 
acid consisted of beta-alanine in combination with a 
hydroxy acid and almost simultaneously the Wisconsin 





JoURNAL OF CHEMICAL EDUCATION 


and California workers came to the conclusion that the 
chick antidermatitis factor and pantothenic acid were 
one and the same substance. 

For some time before this, research work on the 
chick antidermatitis factor had been in progress in the 
Merck Research Laboratory, and in the spring of 1939, 
the collaboration of R. J. Williams was obtained and a 
mutual interchange of unpublished data took place. 
The microbiological assay method dependent on the 
stimulation of the growth of microorganisms by panto- 
thenic acid, developed by Williams and his coworkers, 
was invaluable in the investigations which led to the 
isolation of the lactone moiety of the vitamin molecule, 
the elucidation of its structure, and finally to the 
synthesis of the calcium salt of the physiologically 
active acid. 

The growth-factor biotin, which cures rats and hu- 
mans of the skin disease known as egg-white injury and 
which had previously been identified as vitamin H and 
as coenzyme R has now been synthesized. Its struc- 
tural formula was recently announced by du Vigneaud 
and his coworkers at Cornell University Medical Col- 
lege. Known to have a cyclic urea linkage and a val- 
eric acid side chain, further studies in collaboration with 
a group of workers from the Merck Laboratories, some 
of them previously experienced in the isolation and 
structural determination studies of vitamins B;, Bs, and 
pantothenic acid, confirmed by desulfurizing reductive 
cleavage that the fundamental ring structure was in- 
deed a thiophene and that biotin is 2’-keto-3,4-imi- 
dazolido-2-tetra-hydrothiophene-valeric acid. Within a 
few months of this announcement of the structure, the 
Merck workers achieved the successful synthesis of this 
new member of the vitamin B complex. 

In this brief account of the synthesis of the various 
members of the vitamin B complex, each stage in the 
progress of development from an obscure physiologi- 
cally active principle to the commercially available and 
well-established synthetic vitamin is illustrated. At 
one extreme has been pictured the large-scale synthesis 
of vitamin B;, at the other has been noted folic acid, 
known only as an impure concentrate. Intermediate 
stages are represented by biotin, whose laboratory syn- 
thesis has just been accomplished, and by synthetic 
pyridoxine, the place of which in nutrition is not as yet 
decided. 

Of the oil-soluble vitamins, vitamin A in the form of 
its esters is commercially available by the brilliant 
work of Hickmann on high-vacuum distillation of fish 
oils, and the irradiation of ergosterol and 7-dehydro- 
cholesterol to vitamins D2, and D; provides both forms 
of vitamin D necessary for human and animal nutrition. 
Synthetic methods have been worked out and are 
available for the commercial production of the less 
important vitamins E and K. 

Other than the increased requisitions for vitamin A 
and vitamin D, the chief demands for vitamins in com- 
bating deficiency diseases are for thiamin, riboflavin, 
niacin, and ascorbic acid. The vast requirements for 
these vitamins are being met, in part, by increased 
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synthetic production whose economical progress is wit- 
nessed by the ever-decreasing costs to the consumer. 

The necessity and magnitude of the task of supplying 
synthetic vitamins is plainly apparent. The vitamin 
industry geared to this task owes its phenomenal 
growth to courageous planning and investment, to 
wise counsel and direction, to ingenious research and 
engineering, and to the strenuous efforts of labor and 
management in close cooperation. The steadily 
expanding plants of the vitamin industry, with their 
large research divisions in up-to-date laboratories and 
their close cooperation with academic groups in related 
professions, bear witness to the intention of the Ameri- 
can manufacturers of fine chemicals to play their part, 
in the present crisis and in the postwar world, in making 
available adequate supplies of the vitamins so essential 
in maintaining the abundant health and well-being of 
the citizens of the United States and the myriads in 
the various countries of the United Nations. 


Notes 


The 225th meeting of the N.E.A.C.T. will be held at 
the New Bedford Textile School, New Bedford, Massa- 
chusetts on February 12, 1944. 

The committee studying the effects of war-course 
electives on chemistry in the secondary schools sum- 
marized its findings as follows: 

1. As yet, the percentages of pupils enrolled in 
chemistry, while they may fluctuate, do not indicate a 
definite trend either to lose or to gain ground. 

2. The wartime courses as yet show no tendency 
to displace the traditional science courses. 

The N.E.A.C.T. notes with deep regret the passing 
of Dr. O. E. Underhill, of the Teachers College of 
Connecticut, New Britain, Connecticut, and Professor 
George H. Burrows, of the Chemistry Department of 
the University of Vermont. Professor Burrows had 
taught at Vermont for 30 years. As Head of the 
Chemistry Department he acted as host to the First 
Summer Conference. 


NEW MEMBERS 


At the 223rd meeting the following new members 
were announced: 


Sister Marie Claire of the Savior, Rivier College, Nashua, New 
Hampshire 

Richard L. Dunnell, Phillips Exeter Academy, Exeter, New 
Hampshire 

Andrew J. O’Connell, Worcester Academy, 
Massachusetts 


Worcester, 


ol 


Lt. Raymond J. Perry, U.S.C.G., U. S. Coast Guard Academy, 
New London, Connecticut 

Marco H. Scheer, Senior High School, Nashua, New Hamp- 
shire 


SUE C. HAMILTON 


Miss Sue C. Hamilton, treasurer of the New England 
Association of Chemistry Teachers, died Sunday, 
December 5, at the Peter Bent Brigham Hospital, 
Boston, following a month’s illness. A teacher at the 
Garland School, Boston, for the past 10 years, Miss 
Hamilton was outstanding as a teacher of science in 
her special field. 

A graduate of Thomas Normal School, Detroit, she 
received her A.B. degree from the University of 
Michigan, studied at Teachers College, Columbia 
University, received her master’s degree from the 
University of Chicago, and took chemistry courses at 
the Harvard Medical School. 

During World War I, she was assistant in war foods 
courses at the University of Michigan and later served 
as textile chemist. She had taught at Highland Hall, 
Hollidaysburg, Pennsylvania, and Ferryall, Lake 
Forrest, Illinois, prior to coming to the Garland 
School. 

Miss Hamilton’s work for the New England Asso- 
ciation of Chemistry Teachers has been exceptional. 
While Secretary, a position she held for several years 
prior to becoming Treasurer in 1941, Miss Hamilton 
built up an extensive acquaintance among the chem- 
istry teachers in the colleges and secondary schools of 
New England, and the remarkable success of this 
organization during the past decade has been due in 
very large measure to her efforts in building up and 
holding its membership. Her regular attendance 
at the N.E.A.C.T. divisional meetings and summer 
conferences in all parts of New England attested to 
her geniune interest in its welfare; and her cheery 
greeting will be greatly missed by many teachers at 
these meetings in the years to come. At the time of 
her death she was directing a membership drive which 
had already yielded many new members. Her passing 
leaves a void in the N.E.A.C.T. which will be very 
difficult to fill. 

Miss Hamilton was born in Denver, Colorado, June 
5, 1892, the daughter of Charles W. and Nellie Y. 
Hamilton. She graduated from the Ann Harbor 
High School in 1910." Her mother survives her. 


S. Walter Hoyt, Chairman 
Necrology Committee 


Unappreciated all these years by bakers and dairy men, the ubiquitous green 
mold of bread and cheese is having the last laugh by producing for the pharmaceutical 
manufacturers a thousand-dollar-an-ounce drug: penicillin, now earmarked for the 
armed forces. 


Ought to teach those food guys a lesson. 


RECENT BOOKS 


Tue ADSORPTION OF GASES AND VAPORS. VOLUME I, PHYSICAL 
ADSORPTION. Stephen Brunauer. Princeton University Press, 
Princeton, N. J., 1943. vii + 511 pp. 169 figs. 15 X 23 cm. 
$7.50. 

Because o° the rapid advances which have been made in the 
field of adsorption and the practical significance of many of the 
data, the appearance of the present volume is very timely. While 
the subject matter is concerned primarily with physical or van 
der Waal’s adsorption as distinguished from chemisorption, some 
consideration of the latter subject is introduced largely for com- 
parative purposes. 

After a short introductory consideration of the energy relation- 
ships at a gas-solid interface, methods for presenting adsorption 
data such as isotherms, isobars, and isosteres are delineated. A 
chapter on experimental methods follows in which the techniques 
thus far used in the measurement of adsorption, and heat of ad- 
sorption a e described. The next three chapters are devoted to 
adsorption isotherms and a critical comparison of the equations of 
Freundlich, Langmuir, Williams-Henry, and Magnus, aso of the 
potential theory of Polanyi, the capillary condensation theory, 
the polarization theory, and the multimolecular adsorption the- 
ory proposed by the author and his collaborators. The two chap- 
ters devoted to heat of adsorption detail the fundamental the- 
ories of van der Waal’s forces and their application to the calcu- 
lation of heats of adsorption, and also present and compare ex- 
perimentally determined heats of adsorption for various gases 
and adsorbents. The two chapters which follow deal with the 
nature of the surface of the adsorbent as it affects or is affected 
by adsorption. Included is a critical discussion of the following 
methods of surface area determination: visual, radioactive indi- 
cator, dye adsorption, electrolytic, rate of solution, permeability, 
heat of wetting, interference, x-ray diffraction, heat conductivity, 


and the gas-adsorption method developed by P. H. Emmett and 


the author. In chapter XI the pore size and distribution in the 
adsorbent are considered in the light of the capillary condensa- 
tion and multimolecular adsorption theories, along with the signifi- 
cance of measurements of persorption, density, and hysteresis 
loops. The following chapter is concerned with the properties 
of the adsorbate and suggested equations of state. The next 
chapter deals with the kinetics of physical adsorption and there- 
fore with rates of adsorption, surface migration, and desorption. 
The book concludes with a short discussion of mixed adsorption. 
This text makes a comprehensive, yet critical, presentation of 
classical and modern data and theories of physical adsorption 
and is a valuable addition to the literature in this field. The sec- 
ond volume dealing with chemisorption will be awaited with much 
interest. W. W. RUSSELL 
BROWN UNIVERSITY 
PROVIDENCE, RuHopgs ISLAND 


*RONTIERS IN CHEMISTRY, VOLUME II—THE CHEMICAL BACK- 
GROUND FOR ENGINE RESEARCH. Edited by R. E. Burk, 
Director of Research, Standard Oil Company of Ohio, and 
Oliver Grummitt, Department of Chemistry, Western Reserve 
University. Interscience Publishers, Inc., New York, 1943. 
xiv+ 297 pp. 30figs. 15 X 23cm. $3.50. 

This is a publication sponsored by Western Reserve University, 
containing the lectures given by a series of six persons at that in- 
stitution. The subjects and authors are: A Survey of Combustion 
Research, by Ernest F. Fiock; Chemical Thermodynamics of 
Hydrocarbons, by Frederick D. Rossini; Synthetic Methods for 
Hydrocarbons, by Frank C. Whitmore; Kinetics of Flame Com- 
bustion, by Guenther von Elbe; The Experimental Side of Com- 
bustion Research in Engines, by Bernard Lewis. 

The printing is excellent and many fine drawings and pictures 
are included. It can be strongly recommended as informative and 
interesting reading. A. A. VERNON 


NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


PoTASH IN NortH AMERICA. J.W. Turrentine, President, Ameri- 
can Potash Institute. (A. C. S. Monograph, No. 91.) Rein- 
hold Publishing Corporation, New York, 1943. 186 pp. 
62 figs. 28tables. 15 KX 23cm. $3.50. 


This is a useful booklet as far as it goes. It doesn’t go very 
far. Texf and 62 cuts occupy only 167 pages, and, at that, 
several of the cuts might well have been omitted. 

There are four chapters. The first is called “Fifteen Years in 
Review” and in its 45 pages reviews the developments in nine 
countries, thus stretching somewhat the boundaries of the North 
America named in the booklet’s title. No one will accuse the 
author of verbosity. In fact he apparently did not need all the 
45 pages for the review. Six and a half pages are devoted to 
singing the praises of The American Potash Institute, a perform- 
ance which seems a little strange in an A. C. S. Monograph. It 
appears that some of the other authors of A. C. S. Monographs 
have overlooked the opportunity of doing well by concerns which 
pay their salaries. Let us grant, however, that, as trade organi- 
zations go, The American Potash Institute is relatively harmless. 

The second chapter, 54 pages in length, is entitled ‘‘The Uses 
of Potash in American Industry” (‘“‘Industries” according to the 
table of contents) but covers several other subjects as well. All 
users of potash in agriculture should note particularly the quoted 
statement on page 104 that ‘“‘There is no evidence of any relation- 
ship between fertilizer prices and potash prices.” Presumably 
The American Potash Institute doesn’t concern itself with this 
sweet situation. 

Chapter three is the ‘‘Technology of Potash Production.” 
Much of the text is quoted from the excellent articles which 
have appeared in recent years and the author has made a good 
selection. 

Chapter four is devoted to ‘‘Conclusions.” With character- 
istic brevity, the author concludes his conclusions after only five 
and a half pages. He concludes, of course, that we shall need 
more and more potash and that after the war there will be room 
for a prosperous agriculture. Amen, says this reviewer. 

As was stated in the beginning of this review, Dr. Turrentine 
has produced a useful booklet and has left much unsaid. 

The prices set for all books in the A. C.S. Monograph series 
are outrageously high, and the price of this monograph ($3.50) 
is no exception. 

Harry A. Curtis 


UNIVERSITY OF MISSOURI 
Co_umBIA, Missouri 


ANNUAL REVIEW OF BIOCHEMISTRY. Volume XII. James 
Murray Luck, Editor, Stanford University; James H. C. Smith, 
Associate Editor, Carnegie Institution of Washington, Division 
of Plant Biology, Stanford University, California. Annual 
Reviews, Inc., Stanford University P.O., California, 1943. 
ix + 704pp. 15 X 22.5cm. $5.00. 


The subject headings for the chapters in this annual volume 
are: Biological Oxidations and Reductions; Proteolytic En- 
zymes; The Steroids; The Chemistry of the Proteins and Amino 
Acids; The Chemistry and Metabolism of the Compounds of 
Sulfur; Carbohydrate Metabolism; Fat Metabolism; The 
Metabolism of Proteins and Amino Acids; The Chemistry of the 
Carbohydrates; The Chemistry of the Lipins; Mineral Nutri- 
tion; The Chemistry of the Hormones; Water-soluble Vitamins; 
Fat-soluble Vitamins; Nutrition, 1941 and 1942; Animal Pig- 
ments; Synthetic Drugs; Photosynthesis; Mineral Nutrition 
of Plants; Carbon Dioxide Assimilation in Heterotrophic Organ- 
isms; Biochemistry of Microorganisms; The Electron Micro- 
scope in Biology; The Chemistry of the Viruses; Microchem 
istry. 
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Editors Outlook 


ANY people think we are scarcely im this war, and 
here we are spending most of our time wondering 
what we are going to do when we get out of it. Not 
that it isn’t a good thing to be forehanded, especially 
in view of the many difficult problems bound to face 
us during the time of transition, but we are running the 
risk of getting ourselves postwar-minded. 

Fortunately, the events of the last year have made it 
clear that we are not fighting with our backs to the wall, 
so we need not listen to calamity-howlers. On the 
other hand, the pollyannas are just as dangerous, for if 
we become persuaded that “‘it’s in the bag’’ we may 
soon see “‘it’’ jumping out and running away. But 
never mind, this wasn’t intended to be a sermon on 
morale. 

After all, it will be interesting to see how many of 
the by-products of wartime effort become permanent 
additions to our peacetime life and culture. Many 
examples from the last war will, of course, come to 
mind. Developments in the fields of pure and applied 
chemistry, electronics, aeronautics, engineering, etc., 
will be overwhelmingly numerous. But perhaps even 
in the less spectacular field of education war may bring 
about some advances, so that the record on the ledger 
will not be entirely in red ink. The intensive training 
courses, not only in the armed services but also in in- 
dustry, are showing us how to teach a lot of things more 
effectively, by means of visual and other methods. 

As forms of college education, the ASTP and the 
NCTP leave something to be desired. It is coming to 
be suspected, if not actually recognized, that their 
standards are rather below the prewar level (see page 
70). But perhaps the very fact that these rigid and 
restricted courses are compelling us to concentrate 
on practical essentials may be a good thing. At any 
tate, we might as well look at the bright side of the 
picture, even if it is but a bare glimmer. 

The trouble with the teaching of chemistry is that it 


generally leaves so much to the imagination. Not that 
imagination isn’t a good thing; the more of it a student 
can use, the better chemist he is likely to be. You just 
can’t get along without it, in any branch of science. 
But our college courses are based upon a very trans- 
cendent kind of imagination, while most of our students 
who are going out into the everyday chemical world 
must use a very practical kind. 

A certain teacher of revered memory has long been 
remembered by his classes in industral chemistry for 
the way in which he used to break in on an involved 
discussion or description with: ‘‘All right, but what 
are you going to put it in?’ What could be more 
practical, and what could require more imagination? 
For the student quickly learns that his previous ideas 
of apparatus and containers undergo a great revolution 
when he gets into a chemical plant. The imagination 
he needs is of a very mundane sort, and in most cases 
he has not been encouraged to cultivate this particular 
variety while in college. He thinks of hydrogen in 
terms of Erlenmeyer flasks, pellets of zinc, and popping 
test tubes, whereas he must eventually associate it with 
thousands of cubic feet and hundreds of pounds of 
pressure. The “‘semimicro” vogue, with all its ad- 
vantages, runs the risk of warping our perspective if we 
follow it too far. 

Before he becomes a real chemist, every student 
should have a foretaste of his future work. It may 
indeed be true that if he is well grounded in his funda- 
mental theoretical subjects he will be able to apply 
them when the time comes, but the mental reorganiza- 
tion necessary in doing so can be painful, and a little 
foresight can spare the student some of the discomfort. 
At some stage in his course he should have close con- 
tact with people who have been through that process 
and can talk the language of the mill and the plant, and 
who know from experience the problems that the 
chemist will face there. 





Whati Been Going 


Milkweed Helps Solve Fiber Problem 


HE common milkweed plant, for centuries regarded as a 

farm pest, is now being recognized as a potential source for 
such useful materials as stuffing for life belts ani marine mat- 
tresses, heat and sound insulation, oil, rubber, wax, textiles, and 
paper—all vital to war production. 

Most of this year’s floss was harvested in Michigan where it 
had been gathered on a small scale the previous year. About 
two-thirds of the crop was obtained from the sandy region in the 
immediate vicinity of Petoskey. 

Farmers have been bringing their milkweed pods to buying 
centers set up in 11 counties in this area. Onion bags, in which 
to collect the pods, and complete instructions for picking were 
issued to farmers. In addition, a campaign was undertaken in 
cooperation with the public schools of 50 Michigan counties and 
four counties in Ohio to encourage children of rural areas to 
participate in the light, easy work of collecting the pods. En- 
thusiastic response on the part of teachers and children made 
possible a considerable harvest without recourse to labor needed 
for other war work. This development of public school interest, 
applicable throughout the milkweed range extending from the 
Dakotas to Maine and southward, offers a pattern for the ex- 
pansion of next year’s harvest effort. 

Floss is in the forefront as far as war production is concerned. 
To supplement collection of floss from wild growth, studies are 
under way to create conditions suitable for milkweed cultivation. 
Steps are also being taken to develop other milkweed products. 
Seed left over from this year’s production of floss, for instance, 
will be available for processing into oil, which can be used for 
much the same purposes as soybean oil. 

The list of possible by-products is a long one. Every part of 
the milkweed plant is capable of yielding a variety of useful 
materials, as shown in the charts at the right. 

With the utility of the floss already proved and the commercial 
value of its by-products now being studied, the milkweed plant 
may offer a new mine of organic materials for a host of industries, 
from plane building to toy manufacture. - 

Aviation. For thermal and acoustical insulation in planes, 
milkweed floss is at least equally as effective as kapok, the most 
commonly used material. Milkweed floss is the only native 
American plant available as a replacement for kapok. Like 
kapok, it is hollow and has air cells inside it, enables a plane and 
its occupants to withstand quick temperature drops in strato- 
sphere flights, and deadens the roar of the motor. 

Another use for the floss is as stuffing for plane upholstery. 
Like kapok, it is soft and resilient. 

Other milkweed products may eventually find practical appli- 
cation in the manufacture of plane parts. Synthetic rubber can 
be made from the latex contained in milkweed leaves, and such 
raw materials as lignin in the pod shells and stalks, nitrogen in 
the oil from the seeds, and peptosan derivatives from the pod 
shells can be utilized in the manufacture of plastics. 

Building Materials. Vermin-proof milkweed floss has possi- 
bilities as thermal and acoustical insulation for buildings. Chemi- 
cal treatment would be required to make the floss completely 
fireproof, for although it does not burn when under pressure, 
it does burn readily when packed loosely. 

From the stalks and leaves of the milkweed plant it may prove 
commercially practical to make wallboard. 

Paper Products. The paper industry is experimenting with 
making paper from the 77 per cent woody and the 22 per cent 
bast fiber of milkweed stalks. The leaves, too, contain a fiber 
which could be used in paper making. 

Chemicals. Contained in the milkweed stalk is a high-grade 
bast fiber, containing 92.5 per cent alpha-cellulose, suitable for 
use in the manufacture of nitrocellulose and photographic film. 

From the pod shells can be obtained furfural, now used ex- 
tensively in making synthetic resins and molding compounds, 
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and to a certain extent in making light-sensitive printing plates 
and dyes. 

Medical Supplies. Manufacturers of disinfectants and de- 
odorizers can find use for furfural obtained from milkweed pod 
shells. 

Surgical dressings, made experimentally from milkweed floss 
that has been chemically treated to remove its waxy coating, 
have been found to discourage bacterial growth. 

Of more immediate significance to manufacturers of medical 
supplies is the possibility of extracting chlorophyll from milk- 
weed leaves after removal of the latex for synthetic rubber manu- 
facture. Chlorophyll, the complex chemical which gives plants 
their green color, has many valuable medicinal uses. If attempts 
at extracting the chlorophyll from milkweeds are successful, it 
will enable the United States to become independent of foreign 
sources. In the past, chlorophyll has been imported, mostly 
from Germany, at the rate of 100,000 pounds a year. 

Dyestuffs. In addition to its use in medicines, chlorophyll 
extracted from milkweed leaves could find a use in the production 
of pigments. Furfural, likewise obtainable from the one-time 
weed, could also be used by dye makers. 

Protective Coatings. The 21 per cent semi-drying oil, similar 
to soybean oil, is obtainable from the milkweed seed and can be 
used satisfactorily in paints and other protective finishes. 

Textiles. The bast fiber of the milkweed stalk, containing 92.5 


(Continued on page 69) 
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Don José Celestino Mutis, 1732-1808 


MARY ELVIRA WEEKS 


University of Kansas, Lawrence, Kansas 


ON JOSE CELESTINO MUTIS was a distin- 

guished Spanish ecclesiastic, physician, and bota- 
ist who devoted his life to studying the natural history 
of northern South America. He was born in Cadiz in 
1732 and was educated at the College of San Fernando 
in that city, and at the University of Seville. While 
teaching anatomy in Madrid, he began to correspond 
with Carl von Linné of Upsala and became intensely 
interested in making botanical excursions. 

In about 1760 Mutis went to New Granada as phy- 
sician to the viceroy Don Pedro Mesia de La Cerda. 
Traveling from Carthagena to Santa Fé de Bogota, he 
passed through forests of chinchona trees,' but did not 
recognize them as such until 1772. Mutis became pro- 
fessor of mathematics at the Colegio Mayor de Nuestra 
Sefiora del Rosario at Santa Fé, made scientific jour- 
neys to study the flora and the silver mines of New Gra- 
nada, and spent much of his income in the exploitation 
of mines and in buying books and scientific instruments 
such as barometers, geodetic instruments, and tele- 
scopes. Some of his letters to Linné regarding the 
flora of South America have been published.” 

Mutis also studied the history and applications of 
platinum. In a manuscript letter dated June 15, 
1774, he mentioned two portrait medallions of the 
King, one of pure platinum and the other containing 
equal parts of platinum and copper, which had been 
cast by Don Francisco Benito, engraver at the Royal 
Mint in Santa Fé.* A letter dated September, 1770, 
found with this manuscript, compared the Chocé plati- 
num with gold and stated that the only way to separate 
these two metals was by amalgamation. 

In 1782 Mutis recommended that skilled metal- 
workers be brought, especially from Sweden, to develop 
the iron resources of New Granada. He mentioned a 
mass of native iron weighing 57 pounds, which had been 
found in 1772 on the bank of the Magdalena River.* 
In 1786 he discovered the cinnabar deposits of Quindio 
(or Quindiu). He improved the condition of the Ameri- 
can mining industry by introducing Baron Ignaz 
Edler von Born’s new amalgamation process and by 
securing the services of the scholarly de Elhuyar broth- 
ers (the discoverers of the metal tungsten), Don Fausto 
for New Spain (Mexico) and Don Juan José for New 
Granada (Colombia).‘ In collaboration with the latter, 





1The generally accepted spelling “cinchona’’ is incorrect. 
The genus was named for the Countess of Chinchon.’ 

2 SmiTH, ‘‘A Selection of the Correspondence of Linnaeus and 
Other Naturalists,’’ Longman, Hurst, Rees, Orme, and Brown, 
London, 1821, Vol. 2, pp. 506-9. 

3 MaFrFEI, ‘“‘Apuntes para una biblioteca espafiola . . . de las 
riquezas minerales ... ,’”’ J. M. Lapuente, Madrid, 1873, Vol. 2, 
pp. 624-7. 

4 De GALvez-CaNero, “Apuntes biograficos de D. Fausto de 
Elhuyar y de Zubice,”’ Boletin del Instituto Geol6gico y Minero 
de Espafia, Madrid, 1933, Vol. 53, pp. 74-85. 


Mutis studied the mining of copper, silver, and rock 
salt.* 

Mutis served for many years as director-in-chief of 
the royal botanical expedition to New Granada and as 
director of an institute of natural history which the 
Spanish government maintained, first at Mariquita and 
later at Santa Fé de Bogota. Since he was also canon 
of the mother church of Santa Fé, his religious duties 
made it imperative for him to remain close to the city. 
He therefore trained native Indian artists to make bo- 
tanical excursions, collect and preserve plants, and paint 
them with natural colors unknown in Europe. When 
Alexander von Humboldt and Aimé Bonpland visited 
him in 1801, he showed them two thousand of these il- 
lustrations. 

Mutis made important contributions to the literature 
on chinchona. Charles-Marie de La Condamine and 
Joseph de Jussieu studied the chinchona trees of the 
Loxa forests, and the former read a paper on them be- 
fore the Académie des Sciences in 1737, which was 
promptly published.’ Jussieu’s paper,® however, re- 
mained unpublished until two centuries later. Using 
chinchona specimens which an official of the Santa Fé 
Mint had collected in the forests of Loxa (between 
Quito and Popay4n), Mutis in 1772 gave a detailed 
description of the genus. Chinchona bark from New 
Granada greatly stimulated colonial industry and 
lowered the price of this febrifuge in the Old World. 

Mutis continued his scientific activities until the 
close of his life in 1808. Nine years later, his diaries 
and notes, his well-preserved herbarium, and almost 
7000 sketches of plants were taken to the Botanical 
Garden in Madrid. His studies embraced all branches 
of natural science and contributed greatly to social bet- 
terment. ‘Nothing better proves the superiority of 
his talent,’’ said von Humboldt, ‘‘than the enthusiasm 
with which he received the news of an important dis- 
covery. He had not seen a chemical laboratory since 
1760; and yet constant reading of the works of Lavoi- 
sier, Guyton-Morveau, and Fourcroy had given him 
very exact knowledge of the state of modern chem- 
istry.’””” 

Sir James Edward Smith said that Mutis ‘enjoyed 
the esteem and even veneration of all around him, for 
the benefits he conferred by the exercise of his medical, 
as well as his religious, profession. His physick and 
his philosophy were alike guided by wise and simple 
principles.’’* 

5 MARKHAM, ‘‘Peruvian Bark. A Popular Account of the 
Introduction of Chinchona Cultivation into British India,” 
John Murray, London, 1880, pp. 43-9. 

6 “Description de l’arbre a quinquina. Mémoire inédit de 
Joseph de Jussieu (1737),’”’ Soc. du Traitement des Quinquinas, 
Paris, 1936. 


7 Von HuMBOLDT, Article on Mutis. ‘‘Biographie universelle,’”’ 
Michaud, Paris, 1821, Vol. 30, pp. 499-506. 
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Removal of Electrolytes from Solutions 
by Ion Exchange 


A Lecture Demonstration Experiment 


FREDERICK C. NACHOD and SIDNEY SUSSMAN 
The Permutit Company, New York City 


NTIL recently, the only method by which water 

could be almost completely freed from electrolytes 
was the familiar and ancient process of distillation. 
Within the past eight years there has been developed 
and brought into widespread industrial use an ion ex- 
change method for producing water of distilled water 
quality. This method, commonly called demineraliz- 
ing, does not require the use of heat. In addition to 
its ability to produce water substantially free from 
electrolytes, the demineralizing process can remove elec- 
trolytes from aqueous solutions of nonvolatile non- 
electrolytes, (such as sugar or gelatin); a separation 
which could not be carried out by distillation and which 
heretofore could be carried out only by the relatively 
expensive process of dialysis. 

The objects of this paper are to review briefly the 
chemistry of the demineralizing process and to present 
details of a simple lecture demonstration experiment 
illustrating various applications of the process. 

Most elementary chemistry texts describe the zeolite 
process for softening water by base exchange. This is 
an ion exchange process which depends upon the replace- 
ment of the calcium and magnesium ions in hard water 
by sodium ions obtained from the zeolite by cation ex- 
change. When the zeolite is no longer able to furnish 
sodium ions for exchange, the reaction may be reversed 
and the zeolite regenerated by treatment with a rela- 
tively strong solution of common salt. 


NasZ + Cat+ = CaZ + 2Nat (1) 


This process has been used commercially for well over 
30 years, during which time the zeolites (or, more cor- 
rectly, the cation exchangers) have undergone a number 
of improvements resulting in materials of higher ca- 
pacity and greater ruggedness. However, the first funda- 
mental change in the cation exchange process was made 
possible in the early years of the last decade by the de- 
velopment of organic cation exchangers, such as the 
sulfonated coals** and synthetic resins.4° Because of 
their acid resistance, this class of cation exchangers can 
be operated with acid regeneration as well as with salt 
regeneration. This made possible the replacement of 





1-Presented before the Division of Chemical Education of the 
American Chemical Society, 106th meeting, Pittsburgh, Pennsyl- 
vania, September 6, 1943. 

2 APPLEBAUM, ‘“‘Applications of carbonaceous zeolites to water 
softening,” J. Am. Water Works Assoc., 30, 947-73 (1938). 

3’ TicER, ‘“‘Carbonaceous zeolites, an advance in boiler feed- 
water conditioning,” Trans. Am. Soc. Mech. Engrs., 60, 315-25 
(1938). 

4 ADAMS AND Hovwmgs, ‘‘Absorptive properties of synthetic 
resins,’ J. Soc. Chem. Ind., 54, 1-6T (1935). 

5 Myers, EASTES, AND Mysrs, ‘‘Synthetic resins as exchange 
adsorbents,”’ Ind. Eng. Chem., 33, 697-706 (1941). 
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all metallic cations in solution by an equivalent amount 
of hydrogen ion. 


H.Z + 2Nat = Na.Z + 2Ht (2) 


Many water supplies contain bicarbonate as virtually 
the only anion. Treatment of these waters with acid- 
regenerated cation exchangers, followed by aeration to 
remove the carbon dioxidé formed, resulted in the 
formation of a water almost equivalent in quality to 
distilled water.® 

The chlorides and sulfates present in most other water 
supplies were converted into hydrochloric and sulfuric 
acids by treatment of these waters with acid-regenerated 
cation exchangers. The discovery of insoluble amino 
compounds‘ capable of removing these acids from solu- 
tion and of being regenerated by alkaline solutions when 
exhausted (so-called anion exchangers) marked the last 
step necessary for the establishment of the demineraliz- 
ing process. It is now possible to remove any salts from 
solution by contacting the solution successively with an 
acid-regenerated cation exchanger and with an anion 
exchanger. 


CaCl, + H.Z = CaZ + 2HCl (3) 
HCl + R.N = R;N-HCl (4) 


Carbonates, if present, are converted into carbon di- 
oxide which is readily removed by aeration. 

Some conception of the quality of water obtained by 
the demineralizing process may be obtained from the 
table on page 57 which shows the performance of indus- 
trial demineralizing installations operating on a wide 
variety of raw waters. These results compare very 
favorably with those obtained in commercial distillation 
installations. 

The demineralizing process has economic limitations 
in cases where the electrolyte concentration is high.’ 
These limitations have been discussed elsewhere. It is 
sufficient to note here that demineralizing by means of 
cation and anion exchangers is not applicable to the 
production of potable water from sea water.® 

Introduction of the organic cation and anion ex- 
changers intensified interest in the application of ion ex- 
change reactions to fields other than water treatment.° 





6 APPLEBAUM AND RILEY, “‘Zeo-Karb H, new method of condi- 
tioning water to remove sodium bicarbonate chemically instead 
of by distillation,” Ind. Eng. Chem., 30, 80-82 (1938). 

7 TIGER AND SUSSMAN, ‘“‘Demineralizing solutions by a two- 
step ion exchange process,’ Ind. Eng. Chem., 35, 186-92 (1943). 

8 TIGER AND SUSSMAN, Joc. cit., pp. 189-90. 

® GrigssBacH, ‘‘Ueber die Herstellung und Anwendung 
neuerer Austauschadsorbentien, insbesondere auf Harzbasis,’’ 
Bethefte zu Zeit. Verein Deut. Chem., pp. 13-6, Verlag Chemie, 
Berlin (1939). 
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TABLE 1 


COMPOSITION OF RAW AND DEMINERALIZED WATER AT SOME INDUSTRIAL 
PLANTS 


(All values expressed in p. p. m. as CaCOs) 


Plant A Plant B Plant C° Plant D Plant E 
Raw Demin. Raw Demin. Raw Demin. Raw Demin. Raw Demin. 

Calcium 

and 

magne- 

sium 43 0 61 0 116 0 120 0 261 0 
Sodium 21 3 7 2 33 3 77 4 16 2 
Total 

Cations 64 3 68 2 149 3 197 4 277 2 
Bicar- 

bonate 34 3 24 2 58 3 93 + 188 2 
Chloride 6 0 1l 0 3 0 47 0 14 0 
Sulfate 24 0 33 0 88 0 57 0 75 
Total 

Anions 64 3 68 2 149 3 197 4 277 2 
Cost in 

cents 

per 

1000 

gallons 3.0 4.9 8.2 9.5 11.5 


Many processes involving the recovery or removal of 
ions present in low concentrations may now be carried 
out by ion exchange. Among these applications may 
be mentioned the recovery of various metals, removal of 
ash and impurities from beet sugar and other carbo- 
hydrate solutions, removal of ash from gelatin solutions, 
and others. 

Demonstration Apparatus. The demineralizing proc- 
ess applied to water and to solutions of nonelectrolytes, 
as well as other ion exchange applications, may be read- 
ily demonstrated using the simple apparatus illustrated 
in Figure 1A. , 

The apparatus consists of two vertical glass tubes con- 
nected by glass or rubber tubing and equipped with a 
feed funnel, outlets for each tube, a dropper in the top 
of the second tube, and screw clamps for controlling the 
flow from either tube or between the tubes. The entire 
apparatus may be mounted on a single ring stand using 
condenser or buret clamps to support the tubes and a 
ring to support the inverted flask used as a feed reser- 
voir. 

With two exceptions, the dimensions of the apparatus 
are not critical. The ion exchanger beds should be at 
least nine to ten inches deep and if backwashing and 
regeneration of the ion exchangers are to be carried out 
in the tubes, these should preferably be at least one 
inch in diameter and tall enough to permit a 50 to 100 
per cent expansion of the ion exchanger bed during 
backwashing. 

In filling the tubes, the bottom stopper is put in place 
and a layer of fine gravel or very coarse sand about one 
inch deep is added as a support for the ion exchanger 
bed. A plug of glass wool instead of the gravel bed may 
be used if desired. After partly filling the tube with 
water, the ion exchanger is added until a bed depth of at 
least nine inches is obtained. A cation exchanger, such 
as Zeo-Karb,’® is used in the first tube and an anion 
exchanger, such as De-Acidite,! is used in the second 





10 Trademark Reg. U. S. Pat Off. 
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tube. Each bed should be backwashed in order to 
eliminate air bubbles and should be rinsed briefly. 
Backwashing may be carried out conveniently by use of 
an overflow tube, such as that shown in Figure 1B, 
which may be made of glass or rubber tubing. 
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FIGURE 1 


Small quantities of ion exchangers are often furnished 
in the regenerated condition, in which event the tubes 
are now ready for operation. However, if the materials 
are not in the regenerated condition or if their previous 
history is unknown they may be readily regenerated in 
the tubes. 

Regeneration of the cation exchanger may be effected 
by feeding three volumes of 0.4 N sulfuric or hydro- 
chloric acid for each volume of cation exchanger bed. 
The flow rate should be adjusted to give an average time 
of contact of 15 to 20 minutes, and the acid treatment 
should be followed by one or two liters of rinse. In 
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practice, when water is being demineralized the raw 
feed is used for rinsing, but when solutions of nonelec- 
trolytes are being demineralized the ion exchanger beds 
are rinsed with the available water supply before intro- 
ducing the solution to be treated. 

Regeneration of the anion exchanger may be effected 
by feeding two volumes of 0.75 N sodium carbonate or 
sodium hydroxide for each volume of anion exchanger 
bed. The flow rate should be adjusted to give an aver- 
age time of contact of 30 minutes and the alkali treat- 
ment should be followed by one or two liters of rinse, 
using distilled or demineralized water. In practice, 
large anion exchange units are rinsed by the effluent of 
the cation exchange unit when demineralizing water and 
by softened or demineralized water when demineraliz- 
ing solutions. 

The above directions for regeneration are simpli- 
fied for the purposes of this experiment and do not 
include the more rigid control of regeneration and rinse 
used in large demineralizing installations, or in tests 
involving determinations of capacity and regeneration 
efficiency. Certain ion exchangers require larger re- 
generant dosages or longer times of contact for opti- 
mum performance. 

After completion of the regeneration and rinse, the 
apparatus may be assembled as shown in Figure 1. 

Operation. The tubes should be operated at a flow 
rate of about 50 ml. per minute. A variety of feed solu- 
tions may be used to demonstrate various aspects of the 
demineralizing process. 

Tap water may be used. If a higher electrolyte con- 
tent is desired in order to make the demonstration 
clearer, a solution of sodium chloride or other salt may 
be used. A 0.01 N solution is adequate. If a conduc- 
tivity instrument is available, the conductivity of the 
feed solution and of the treated water may be shown. 
Commercial demineralizing installations. make use of a 
conductivity instrument called the Solu-Bridge’! which 
is calibrated directly in concentration of dissolved salts. 
Conductivity instruments of very simple construction 
have been described. !:18 





11 Manufactured by Industrial Instruments, Inc., Jersey City, 
New Jersey. 

12 Lapp, ‘‘A conductivity kit for fifty cents,’’ Science Counselor, 
5, 79, 91 (1939). 
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A conductivity instrument is useful for demonstrating 
the fact that the efficiency of demineralizing is depen- 
dent upon the efficiency of the cation exchanger in re- 
moving metallic cations, because the anion exchanger 
functions solely as an acid remover and does not remove 
cations. Thus, after operating the demineralizing ap- 
paratus until an effluent of constant low conductivity is 
obtained, a small amount of the feed solution may be 
introduced directly into the anion exchange tube by 
means of the dropper. This action will be reflected in 
an increase in the conductivity of the effluent. 

The action of the exchangers may be followed by the 
pH change, using a pH meter or indicators. At the 
start of the run the dropper at the top of the second tube 
may be charged with methyl orange or other indicator 
solution and during the run an occasional drop of indi- 
cator solution may be added to the liquid to show the 
acidity of the cation exchanger effluent. If desired, a 
sample may be withdrawn from the base of the first tube 
and its acidity measured by titration. The final ef- 
fluent may be treated with the same indicator to demon- 
strate its neutrality. The final pH will generally be 
somewhat lower than 7 because of the presence of dis- 
solved carbon dioxide. 

The application of demineralizing to solutions of non- 
volatile nonelectrolytes may be demonstrated by adding 
several per cent of sugar to the feed. The tests men- 
tioned in the preceding paragraph may be applied in 
this case and, in addition, the final solution may be 
tasted in order to demonstrate the presence of the sugar 
in the treated solution. 

Other special applications, such as removal of heavy 
metal ions and of organic acids, may be demonstrated 
by using a cupric acetate feed. A 0.01 N feed is suf- 
ficiently concentrated so that the audience may clearly 
see the blue color in the influent and its absence in the 
cation exchanger effluent. This effluent may be tasted 
in order to establish the presence of acetic acid. An 
equivalent amount of citric acid may be added to the 
feed, in order to enhance the taste of the effluent from 
the cation exchanger tube. The final anion exchanger 
effluent may also be tasted to demonstrate that the 
citric acid has been removed. 


13 LUDER AND VERNON, “‘A flexible student conductivity bridge 
assembly,” J. Cuem. Epuc., 17, 229-31 (1940). 


TO AVOID INFLATION! 


Buy only what you need and make what you have last longer. 
Pay no more than ceiling prices and buy rationed goods only by exchanging ration 


stamps. 


Put money to work fighting the war through taxes. 
Put money to work fighting the war and insure your personal future by buying 


War Bonds. 
Pay off old debts, avoid new ones. 


Provide for the future with adequate life insurance and savings. 
Don’t try to profit from the war in the prices and wages you ask. 
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Some Effects of Pressure upon the Properties 
of Liquids and Solutions of Electrolytes 


BENTON BROOKS OWEN 


Yale University, New Haven, Connecticut 


HE EFFECTS of pressure upon solubilities, melt- 

ing points, and polymorphic transformations are 
discussed in practically all textbooks of thermody- 
namics, while its effects upon chemical equilibria in 
condensed systems are usually ignored. Apparently 
the latter subject is considered too difficult. It is true 
that the thermodynamic interpretations (4, 5) of the 
purely physical effects are relatively simple, and that 
the treatment of chemical equilibria in liquids requires 
the introduction of partial molal quantities, but in the 
use of these quantities piezochemistry actually presents 
fewer difficulties than the familiar subject of thermo- 
chemistry. Thus, the standard volume increase, AD?, 
which determines the variation of the equilibrium con- 
stant with pressure, 


(01n K/OP)7,m = —AV°/RT (1) 


is calculable from simple absolute partial molal quanti- 
ties. The term AA” in the corresponding thermochemi- 
cal equation always involves relative partial molal 
quantities. Furthermore, for a variety of ionic systems, 
AV® may be represented as a convenient analytical 
function of P (see equation 20) containing only two 
parameters, one characteristic of the system, and one 
characteristic of the pure solvent alone. For an equally 
adequate representation of AH® in terms of 7, it is 
usually necessary to employ several parameters charac- 
teristic of the system. 

A detailed discussion of AV for some ionic reactions 
can be found in an earlier review (11). The present 
communication is more concerned with the pressure 
dependence of the partial molal volumes of the com- 
ponents of such reactions, and with an attempt to cor- 
relate their behavior in terms of ionic dimensions. For 
this purpose, the equations of Tait and Born and the 
hypothesis of Tammann will be introduced. 

The Tait equation is empirical, but very faithfully 
represents the pressure-volume relationships of pure 
liquids. Its extension to solutions involves Tammann’s 
hypothesis, and leads to an expression (equation 11) 
from which it is possible to deduce the pressure de- 
pendence of the standard partial molal volumes of 
electrolytes, and hence of AV®. The latter, of course, is 
necessary to the integration of equation (1). The Born 
equation is introduced as an aid in the correlation and 
interpretation of the individual behavior of various 
electrolytes, and to show that their individuality is 
largely controlled by the number of charges upon the 
ions and upon their radii. Finally, it will be shown that 
by combination of several equations this individuality 


may be eliminated so as to yield a useful relationship 
between the dielectric constant and specific volume of 
the pure solvent. 


THE TAIT EQUATION 


In general, the effects of pressure upon the properties 
of an electrolytic solution as a whole are similar to the 
effects of pressure upon the pure solvent. This is illus- 
trated (1) in Figure 1. In the legend of this figure and 
in the equations to follow, a superscript in parenthesis 
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FIGURE 1.—THE EFFECT OF PRESSURE UPON THE SPECIFIC 
VOLUME OF WATER (----) AND A 6M Sopium CHLORIDE 
SOLUTION (. ) at 25° 





indicates the pressure in barsf at which the quantity is 
measured. When this pressure is 1 bar the superscript 
will be omitted. Note that the effect of pressure is 
most pronounced at the lower pressures, and decreases 
continuously with increasing pressure. At constant 7, 
the specific volume of the pure solvent is given as a 
function of P by the Tait (14) equation 
Bt+P 


up’) =%m—- C log Gis (2) 


An extension{ of this equation 


* 
get) + x2(02° — v2) 


oa 
B+ @) 


vP) = y — x, Clog 


represents the volume of 1 g. of solution composed of 


¢ 1 Bar = 10° dynes/sq. cm. = 0.98693 std. atm. = 1.019716 
kg./sq. cm. 

t The details of this extension are given in the derivation of 
a (11), which is mathematically equivalent to equation 
3). 
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x, g. of solvent and x2 g. of an electrolyte whose specific 
volume in the pure melted state is ». B, B*, and C are 
constants, independent of P. The common parameter 
C is characteristic of the solvent alone, and the ratio 
C/v is independent (10) of T. B and B* differ by an 
amount which depends upon the nature and concentra- 
tion of the electrolyte, and both vary with the tempera- 
ture. Table 1 contains values of C/v) and the para- 
meters of the equation 


B, = Bos + a(t — 25) + b(t — 25)? + c(t 25)8 (4) 


by which the data of Gibson$ may be represented be- 
tween 25° and 85°. B is quite sensitive to structural 
differences in the solvents, while C/v is not. 

In differential form equations (2) and (3) become 


(2 () _ 0,4848C 5) 
OoP/r B+P 
1 (= (P) Xe (3 (P) —_—0.4848C (6) 
x \OP/r % \OP/r Dee OF 
TABLE 1 
PARAMETERS OF Equations (2) To (6) 

Solvent C/vot Bas a X 102 bX 103 ¢ X 104 
Water 0.3150 2996 755.54 —178.14 6.08 
Methanol 0.2208 a aa jun 
Ethylene glycol 0.21763 2554 —918.2 7.4 —0.4 
Benzene 0.21591 970 —727.5 8.8 1.2 
Chlorobenzene 0.21591 1249.1 —798.18 22.26 -—0.71 
Bromobenzene 0.21591 1404.4 —818.90 16.86 —0.08 
Nitrobenzene 0.21591 1865.2 —963.44 16.02 —-0.15 
Aniline 0.21591 2006.6 —1078.98 18.36 0.19 
Carbon tetrachloride 0.21290 867.0 — 686.08 21.62 —0.79 


+ C in this paper is 2.303 times the value used by Gibson. 
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curves for the pure solvent and for the solvent in solu- 
tion differ only by a horizontal displacement (6) 


B* —-B=P, (7) 


which is independent of P. This displacement is called 
the ‘‘effective pressure,’ and is written P,. A very 
striking verification (7) of these simple equations is 
shown in Table 2. Compressibilities cannot be directly 
measured with high accuracy in the neighborhood of 1 
bar because of the rapid variation of v with P at low 
pressures (Figure 1). On the other hand, measurements 
of the velocity of sound through liquids at atmospheric 
pressure yield precise values of 60, or 8, by the formula 

s=- : (3), = Cp X 10°/c,u*d (8) 
in which u is the velocity (cm./sec.), and Cp, c, and d 
are the specific heats and density of the liquid. The 
most complete description and bibliography of the 
ingenious ‘‘acoustic interferometer’’ used for this pur- 
pose are given by Bachem (2). 


TABLE 2 
COMPARISON OF COMPRESSIBILITIES DERIVED FROM THE VELOCITY OF SOUND 
AT 1 ATMOSPHERE, AND CALCULATED BY EguatTIONs (5) AND (6) WITH THE 
Vavues or C, B, anp B* DERIVED FROM MEASUREMENTS AT HIGH PREs- 
SURES 


Bo (or B) X 108 at 25° 


Liquid Sound Equations 
Methanol 125.6 125.3 
Benzene® 93.7 93.1 
Water? 45.2 (45.9) 45.7 
6 per cent NaCl (in water) 40.4 40.6 
16 per cent NaCl (in water) 33.4 33.2 
24 per cent NaCl (in water) 28.8 28.4 
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Figure 2 shows plots of the left-hand members of these 
equations, and brings out the important fact that the 

§ The most recent values were kindly supplied by Dr. Gibson 
in a private communication. The parameters a, b, and c were 


evaluated by Dr. S. R. Brinkley, Jr., by the method of least 
squares. 


® At 20°. The agreement is better at other temperatures. 
6 The two values determined from the velocity of sound are by two dif- 
ferent investigators, using different frequencies. 


TAMMANN’S HYPOTHESIS 


From equations (5) and (6) it follows that 0.4343C 
may be regarded as the volume decrease (per g. of 
solvent) corresponding to pressure intervals equal to 
B+ P and B* + P, and that this decrease, which is 
produced by B + FP in the pure solvent, requires a 
greater pressure interval, B* + P, to compress the 
solvent in the solution. Since the difference, P., is 
independent of P, it may be concluded that, with 
regard to pressure effects at least, a salt solution at any 
external pressure, P, behaves as the pure solvent under 
an external pressure, P + P,. Consequently, the 
contraction in volume and decrease in compressibility 
which accompanies the solution of an electrolyte may 
be ascribed primarily" to a compression of the solvent, 
rather than to any alteration of the solute other than 
melting. This is Tammann’s (16) hypothesis. 





" If the word primarily be deleted from this simplified state- 
ment of Tammann’s hypothesis, the quantity V2 in equation (9) 
could be regarded as independent of P. At low pressures and 
concentrations, this would be permissible, because the compres- 
sibility of pure electrolytes is small compared to that of its dilute 
aqueous solutions. At high pressures, or high concentrations, 
this is no longer true, and V2 must be represented as a function of 
P if subsequent equations are to retain their validity under these 
conditions. 
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COMBINATION OF THE TAIT EQUATION WITH TAM- 
MANN’S HYPOTHESIS 


In accordance with Tammann’s hypothesis, the total 
volume of a solution containing m mols of an electrolyte 
and 1000 g. of solvent may be written 


VP) = mV2f?) + 1000u(? + Pe) (9) 


in terms of the molal volume, V2, of the pure melted 
solute and the specific volume %, of the pure solvent. 
It is important to note that the apparent volume of the 
solvent in the solution under the external pressure, P, 
is represented by the same weight of pure solvent under 
a pressure, P + P,. The value given for this latter 
quantity by equation (2) is 


1000? + 7) = 1000‘) — 1000C log - a =) (10) 


B+P 


Consequently equation (9) becomes 





VP) = mV”) + 100009? — 1000C log (- 2 hi ok ) (11) 


B+P 


This combination of Tammann’s hypothesis with the 
Tait equation is due to Gibson (6—8), who has demon- 
strated its great utility in the study of solutions. An 
analogous expression obtained by Tammann (15) is 
less useful than equation (11) because the latter in- 
volves some modification of Tammann’s original ideas. 
Since the partial molal volume of the solute is defined 

by : 
pyr mx (2) 


Om] Pp, T ana 


differentiation of equation (11) leads to 


434.3C ay) 
B+P + Pe \Om 





PP = VIP — (13) 
at any concentration, m. When P = 1 and m = 0, this 
equation becomes 


TP) = Vz (14) 








_ 434.3C (OP,.\° 
B+1 =) 


because P, = 0 when m = 0. Equation (14) shows (8) 
that V.° is governed by three factors: (1) Ve, a prop- 
erty of the pure solute which determines its partial 
molal volume in all ideal solutions; (2) 434.3 C/(B + 
1), a property of the pure solvent, and (3) (OP./0m)°, a 
property of the solution. 

The negative sign in equations (13) and (14) brings 
out the peculiar characteristic of strong electrolytes 
that VP) and V2?) increase with pressure, since P, 
and OP,/Om are positive. This phenomenon is illus- 
trated (1) in Figure 3.. At 10,000 bars, the compression 
of the solvent has progressed to such an extent that 
V2) and V.°) approach the molal volume, V2{%), of 
the pure solid solute indicated by the dashed line. 
Since volume changes of melting are usually quite 
small, Vat is approximately equal to the ordinarily 
unmeasurable quantity V2"). This does not mean 
that the solutions would become ideal at extremely high 
pressures, for V2”) still differs from 2° at the high- 
est pressures studied. Furthermore. the condition, 
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FIGURE 3.—THE VARIATION OF THE PARTIAL MOLAL VOLUME 
OF SODIUM CHLORIDE WITH PRESSURE AT 25°. THE Sotip LINE 
REPRESENTS V2 FOR m = 6. 


P = o, under which equations (13) and (14) make 
V2‘) equal to V2‘*) and a property of the solute alone, 
invalidates —Tammann’s hypothesis upon which the 
equations are based. In terms of Tammann’s hy- 
pothesis, an ideal solution would be one in which P, is 
zero for all values of m. Under this condition, V2‘? 
equals V2) by equations (13) and (14) at all values of 
P 


Since the partial molal compressibility of the solute 
is defined by 


-R = (oe). (15) 


oP Tim 


differentiation of equation (13) leads to 


434.3C 


oP, 
Rin = Ki — oo ys (de) 





(16) 


at any concentration, m. Consequently 
434.3C (Sy 
(B+ 1)? \om 

at infinite dilution and 1 bar. Elimination of 434.3C- 


(OP./Om) between equation (16) as written, and as 
rewritten for P = 1, yields 


_» (B+1+P.\3 B+i+P,\? 
Rin Bi (reg) +h? — Ke (epee. 


K,° = Kz — (17) 


(18) 


For pressures up to several thousand atmospheres, the 
sum of the last two terms is usually negligible.1 This 
equation therefore reduces to 

7 2 

Rm = Re (FF (19) 
at infinite dilution. This simple result, referred to in 
the introduction, serves to express 72° as a function 
of P, for by combination of equations (15) and (19) the 
important relation 


72%?) = 7.9 + K,(B + 1)(B — 1)/(B + P) 


{ See footnote under Tammann’s hypothesis. 


(20) 
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is obtained by integration. Illustrative examples of 
the combination of equations of this type to obtain 
AV® for various reactions are given elsewhere (11). 
Before concluding this section, it will be worth while 
to consider briefly the magnitude of P, and its variation 
with m. Figure 4 is representative of the numerous 
results of Gibson (6-9). Except for lithium and other 
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FIGURE 4.—THE VARIATION OF THE EFFECTIVE PRESSURE OF 
STRONG ELECTROLYTES WITH CONCENTRATION AT 25°. 


m=-— 


ions of very high charge density, such as beryllium, the 
smallest ions in a series uf similar elements lead to the 
largest values of P,. In terms of the limiting slopes, 
(OP./0m)°, this observation will be given semi-quanti- 
tative expression in the next section. A very interesting 
discussion of P, is given by Gibson (9). 


THE BORN EQUATION. AN ATTEMPT TO ESTIMATE 
V2°, K2°, anp (OP,/0m)° FROM IONIC RADII 

Assuming that the partial molal free energy of an 
electrolyte at infinite dilution would have the ideal 
value, Fo, if the ions in solution could somehow be re- 
lieved of their charges, the difference, F,° — Fy, would 
be equal to the electrical work (per mol) of recharging 
the ions reversibly at constant P and J. Born (3) 
originally calculated this work at constant V and T, but 
the distinction between the two charging conditions is 
generally disregarded, and the expression 


Fo — F, = 10-* @&N[(1/D) — 1] © H2;2/2b; (21) 


is loosely referred to as the Born equation. ttf 

In view of the thermodynamic relation, V = (O0F/ 
OP)r, differentiation of equation (21) at constant tem- 
perature yields 


7° — V, = 10-48w (2G/D))\ NS, .0,3/25; (22) 
oP 


if it be assumed that the ionic radii are independent of 
P. Similarly equation (15) leads to 


tt Here »; is the number of ions of the 7th kind (per molecule 
of electrolyte), and z; and }; are their valence and radius (cm.). N 
is Avagadro’s number, 6.0028 X 10%, € is the elementary charge, 
4.8025 X 107" abs. e.s.u., and D is the dielectric constant of the 
solvent. The factor 10~* converts the free energy from ergs to 
cc.-bars. The summation is over all the kinds of ions formed by 
dissociation of the electrolyte. 
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Ro — K, = -10-*¢N (re is » y2;2/2b; (23) 





Finally equation (22) may be rewritten for P = 1 and 
combined with equation (14) to give 


QP.\? _ —10-*EN(B + 1) (201/D)\™ Fao 
on) = ——434.30 oP ) DS tb ale 













These last three equations offer a qualitative inter- 
pretation of the observed differences between the values 
of V2°, K2°, and (OP./0m)° for various electrolytes. 
Quantitatively, they yield only very rough estimates of 
these quantities for several reasons. It was assumed 
that: (1) the uncharged ions at infinite dilution have 
the same molal free energy, F2, as the ideal electrolyte; 
(2) the difference between the work of charging at con- 
stant volume and at constant pressure is negligible; 
and (3) the radii of the ions are independent of their 
charges and the pressure. Further, there are the prac- 
tical difficulties of evaluating V2, K2, and the radii, }j. 
Since volume changes of melting are ordinarily less 
than 10 per cent, V2 will be assumed equal to Vas), the 
molal volume of the solid electrolyte. K: will be neg- 
lected entirely, because its independent “estimation” 
would be little better than a guess. It is true that Kas) 



































P “ - Al 
is usually less than 5 per cent of K,°, but since K; is me 
probably much greater than Kay), its neglect may intro- 7] 1, 
duce considerable error. The evaluation of ); is critical, ee 
and also difficult, mainly because real ions do not neces- | aie 
sarily obey assumption 3. Ion-solvent interaction (hy- ions 
dration) is undoubtedly a function of the charge density prop 
of an ion, and the radius of a hydrated ion has not yet §.. ; d 
been unambiguously defined. The radii of unhydrated large 
ions, calculated (13) from crystallographic data, are sph a 
less subject to this ambiguity, and will be employed sletes 
as values of 5; in the discussion to follow. This choice, porta 
however, is somewhat arbitrary. of th 
In Table 3 the observed valuestt of 72°, K2°, and exes 
TABLE 3 the : 
CoMPARISON OF THE RESULTS DERIVED FROM EQuations (25), (26), AND (27) cons 
WITH EXPERIMENT AT 25° selves 
vs —Ky x 104 (OP e/dm)° Th 
Liss? / by : by di 
Salt X 10" Obsd. Eq. (25) Obsd. Eq. (26) Obsd. Ea. (27) FP ingly 
BaCh 4.074 23.9 32.8 115 71 630 464 ; 
LiCl 2.201 17.1 9.1 40 38 200 251 
LiBr 2.160 24.0 13.9 32 38 160 246 
Lil 2.108 35.6 22.0 16 37 100? 240 
NaCl 1.598 16.6 18.7 50 28 260 182 
NaBr 1.557 23.5 24.0 40 27 230 178 fy The le 
Nal 1.505 35.1 33.2 24 26 170 172 equati 
KCl 1.305 26.8 30.7 45 23 230 149 
KBr 1.264 33.7 36.7 35 22 190 144 
KI 1.212 45.3 46.7 19 21 130 138 
CsCl 1.158 39.2 36.4 35 20 ne 132 
CsBrs1.117 46.1 42.225 19 140 127 
CsI 1.065 67.7 652.1 9 18 ae 121 Integr 
(OP,/Om)° are compared with those estimated from 
equations (22) to (24) in the forms cca 
$$ T 
V.° SF Va) —5.20 E 42;2/2b; K 108 (25) rane . 
Ryo S — 17.36 X 10-4 E 2;2/b; X 108 (26) 
tt 7.° and K,° were taken from a review, reference 11. (OP./ which f 
dm)° was obtained graphically from figure 3, reference 8, and Fj (, post 






figure 4, reference 9. 
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(OP./Om)° = 114 & H2;7/b; X 108 (27) 


which involve the approximations indicated above, and 
the values (12) —74.9 X 10-* and 0.025 X 10-* for 
the first and second pressure derivatives of 1/D at 
25°. It is clear that the Born equation leads to the 
correct sign and order of magnitude for the various 
properties, which is the most that could be expected 
considering the approximations and assumptions in- 
volved. Note, however, that the sequence of elec- 
trolytes which is arranged in order of decreasing values 
of 2v,2;2/b; is not maintained in any of the columns of 
observed quantities. These discrepancies in sequence 
are not removed by the use of hydrated ionic radii 
derived, for example, from conductances.§$ This 
emphasizes the inherent “fuzziness” in the concept of 
ionic radius 1m solution, and brings out the present im- 
possibility of separating the individual errors intro- 
duced, for example, by assumptions 1 and 3. 


COMBINATION OF TAMMANN’S HYPOTHESIS WITH THE 
TAIT AND BORN EQUATIONS. VARIATION OF THE 
DIELECTRIC CONSTANT WITH PRESSURE 


Although the Born equation fails to represent the be- 
» havior of real electrolytes quantitatively, it seems pos- 
}sible to ascribe properties to. hypothetical ions which 
would remove the main causes for this failure. In 
J order to justify the three assumptions discussed above, 
@ these hypothetical ions could be given the following 
| properties: (1) in an uncharged condition they behave 

as ideal solutes in all respects, (2) their radii are very 
@large, and (3) they are conducting, incompressible 
spheres. This particular set of properties is also con- 
sistent with Tammann’s hypothesis. This is an im- 
portant point, for if all of the parameters characteristic 
of the electrolyte can be eliminated by combination of 
expressions derived from the Tait and Born equations, 
the validity of the resulting equation depends upon this 
consistency, rather than upon the parameters them- 
selves (12). 

The ionic radii are eliminated from the Born equation 
» by dividing equation (22) by equation (23). Accord- 
D ingly, 


= " (2a (P) ies (P) 


» The left-hand member may be similarly obtained from 
equations (13) and (16) at infinite dilution. Thus, 


0° — 
RY — K, 


Integration of the aie differential equation 
Co” we. 07(1/D)\ uM 


eu Bt+P (29) 


- + F) (30) 


~ OP? — 


§§ The limiting molal conductance, Am, is related to ionic 
tadii by the equation 


pe 6xnl0-8\  , 
Viz 2/b; x 10° = ee eF/300 An 


which follows from the application of Stokes’ law to the mobilities 


of spherical ions in a uniform viscous medium. The right-hand 


member of this equation becomes 0.01092Am° in water at 25°. 
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FIGURE 5.—VERIFICATION OF THE LINEAR DEPENDENCE OF THE 

RECIPROCAL OF THE DIELECTRIC CONSTANTS OF LIQUIDS UPON 

THEIR SPECIFIC VOLUMES AT CONSTANT TEMPERATURE (30°). 
Data oF W. E. DANFORTH, JR., Phys. Revs., 38, 1224 (1931). 


yields the relation 
(1/D) = (1/D) — A log [(B + P)/(B + 1)] 


for the pressure dependence of the dielectric constant of 
the solvent. The integration constant, A, is independ- 
ent of the pressure. The analogy between this equa- 
tion and equation (2) appears to be complete, because it 
has been shown that AD is practically independent of 7. 
Furthermore equation (31) is in satisfactory agreement 
with experiment over the same wide range of pressures 
and temperatures covered by the Tait equation. 

In concluding this section it will be interesting to 
eliminate the logarithmic term between equations (2) 
and (31) to obtain the simple relation 


(1/D)) = I + Sup? (32) 


The constants, S = A/C and I =1/D — A/C, are 
the slope and intercept of a plot of (1/D) ) against 
vo). Such plots are shown in Figure 5, where it can 
be seen that the linearity predicted by equation (32) 
is fulfilled by a variety of liquids. A more extensive 
test of the equations in this section can be found else- 
where (12). 


(31) 
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Laboratory Research Notebooks 


OLIVER GRUMMITT 


Western Reserve University, Cleveland, Ohio 


LTHOUGH all undergraduate chemistry courses 

which include laboratory work require that labora- 
tory notes be kept, the prescribed form of these notes, 
while providing valuable practice, is not usually flexible 
enough for the purpose of making notes on laboratory 
research work. It has been found desirable to provide 
both new graduate students and new research chemists 
with some preliminary instruction on this point. The 
following notes have served this purpose, and they may 
be of use to other students and instructors, too. 

This memorandum is written to describe briefly 
what is considered to be good practice in the keeping 
of notes on laboratory research. Too often the tend- 
ency to regard a research notebook as a bound form 
of scratch paper leads to a careless, incomplete, and 
generally unsatisfactory record of the experimental 
work. If the record of past work is poor, it is difficult 
or impossible to evaluate its results in a report or thesis 
and to plan future experimental work. To depend on 
one’s memory for the missing details of even recent 
experiments is certain to lead to many errors. Further- 
more, there are frequent occasions when another person 
must consult the notebook or repeat experiments de- 
scribed therein—an important point to keep in mind 
when writing the notes. It is unquestionably an indis- 
pensable part of doing good research to keep a carefully 
written account of the work. 

Purpose. The primary purpose of laboratory re- 
search notes is to provide a neat, legible, and complete 
record of all experimental work done. These notes are 
the raw material from which the results and conclusions 
are made in a subsequent report or thesis. This record 
is primarily useful to the investigator, but it also may 
be consulted by other people connected with the re- 
search problem, and occasionally in industrial research it 
may serve as a source of evidence in the prosecution 
of a patent application or in patent litigation. 

Notebooks. Research notebooks should be a bound 
type rather than loose leaf, with numbered pages which 
may be lined or plain and suitable for writing with ink. 
The quality of the binding and paper should be good 
since the notebook must stand a great deal of handling. 
The record of experimental work is so important and so 
difficult to replace if lost that it is sometimes suggested 
that a notebook be used which allows a carbon copy to 
be made on a page that is removable. If the copies are 
filed, there are then two complete sets of the notes in 
case one is lost. This has the disadvantage of requiring 
the first copy to be written in pencil. While the idea of 
a duplicate copy is a good one, it is seldom used in 
industrial laboratories, possibly because the loss of a 
notebook either through carelessness or an accident is 
very rare. 





It should be unnecessary to point out that notes on 
loose pieces of paper must not be made under any 
circumstances. If the research involves considerable 
analytical work, it is often convenient to use a separate 
bound notebook for recording weights, titrations, and 
calculations. Then only the result of the analysis need 
be placed in the regular notebook, along with the refer- 
ence to the page number of the analytical notebook; 
for example, ‘“This sample had a saponification number 
of 212 (cf. page 23 of anal. notebook).’’ This condenses 
and simplifies the regular notes without discarding any 
data on scrap paper. 


In connection with most laboratory research work it 


is frequently necessary to consult the literature. Care- 
ful notes on the literature reading should of course be 
made, preferably in a separate notebook. Whenever 
the laboratory work is related to a journal article or a 
patent, reference to this can be made in the regular 
notes by giving the author, journal reference, etc., as 
well as the page number of the notebook used for litera- 
ture reading. This will be useful in writing the report 
or thesis. 


General Form of the Notes. . At the start of the day’s 


work the page should be headed at the left with Sub- 


ect, Date, and Reported in a vertical column: 


Subject: 
Date: 
Reported: 


This heading may be at the top or at any other part of 
the page so as to follow the previous notes without leav- 
ing any lines blank. In case the notebook is used as 
evidence, this procedure obviates the suspicion that 
additional notes had been inserted at some later date. 
After Subject should be given a brief descriptive title 
of the work being done. This title should be specific 
rather than general so as to facilitate finding any par- 
ticular experiment. If a series of experiments is being 
run, the title may contain an experiment number: 
“Catalytic Oxidation of Methane, Exp. 21.’’ The Date 
should be complete—month, day, and year. 
Eventually the laboratory research will be described 
in a progress report, final report, or thesis. When this 
has been done, the title and date of the report should be 
written in after Reported. This will assist in locating 
the corresponding laboratory research notes from a read- 
ing of the report and will also serve as a check on the 
inclusion of all of the experimental work in a report. 
After Reported the notes proper are written. At the 
end of the day’s work the investigator should sign his 
name at the left immediately after the last line, and a 
second person in the laboratory should read over the 
notes and sign in the same place as a witness. This wit- 
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ness should be a person capable of understanding the 
work, and he should write: ‘‘Read and understood,”’ 
then his name and the date. 

Contents of the Notes. The contents of the notes 
proper are difficult to describe in detail, because they 
vary so widely with the nature of the work. In general, 
every effort should be made to avoid the omission of any 
relevant data or observation. Therefore, the apparatus 
and procedure should be carefully and completely de- 
scribed, so that it would be possible for anyone with 
training and experience equivalent to the investigator’s 
to repeat this work with the notes alone as a guide. 

If the apparatus and equipment used are not well 
known by name, a sketch with all the critical dimen- 
sions shown should be made in the notebook. In the 
procedure should be included all temperatures and 
pressures, source, preparation, and purification of ma- 
terials, weights of materials, and in the case of syntheses, 
the reactants calculated as moles. Molecular weights, 
boiling points, melting points and the like, which have 
been obtained from the literature should be written 
down so they need not be looked up again. If the ap- 
paratus or procedure is taken from the literature, a 
journal or patent reference should be made in the notes. 
When the same apparatus and procedure are used in a 
number of experiments, it need not of course be de- 
scribed repeatedly if the original notes are referred to. 

The results of many types of experiments are best 
recorded in the form of a table directly in the notes; 
for example, in a fractional distillation the following 


table might be used: 
Weight of Fraction ny a 


Fraction Temperature 


The results of some experiments involve calculations; 
the steps of these calculations should be indicated, 
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although the actual arithmetic need not be included. 
The results of several related experiments can always be 
better compared and evaluated if they are set up in a 
table or graph. Such tables or graphs should be made 
directly in the notebook. Often a study of these sum- 
marized results aids in the most intelligent planning of 
future experiments and in the writing of subsequent 
reports.’ 

Many experiments yield products of some sort which 
are to be saved for future work. These samples ought 
to be labeled according to the experiment numbers 
used in the notes along with the page number of the 
notebook. For example, 

Ether Resin, Exp. 20, page 50 
October 11, 1943 
J. C: Baker 


Indexing the Notebook. ‘The last few pages of a note- 
book ought to be reserved for the compilation of an index 
of the contents. Usually the title of the report can 
serve as a main heading. This index is especially useful 
when the notebook has been used for more than one re- 
search problem for which the notes have not been kept 
consecutively. 

Notes as Legal Evidence. In industrial research more 
or less elaborate precautions are taken to make the 
laboratory notes as legally sound as possible In some 
cases the notes of a day’s work may even be notarized. 
Although this is a debatable question for lawyers rather 
than chemists, it is thought that the general practice of 
using bound notebooks with numbered pages, leaving 
no unused parts on the page, and signing and witnessing 
the day’s notes is probably adequate for most situa- 
tions. 





1 GrumMIiTT, J. CHEM. Epuc., 20, 84-7 (1943). 


A Note on the Preparation of the ‘‘Prepared Solution’’ in Anion Analysis’ - 


TING-PING CHAO 


National Central University, Chungking, China 


THE so-called ‘‘prepared solution’? employed in 
the analysis of anions is usually made by boiling the 
sample with a solution of sodium carbonate. But, as 
pointed out by A. A. Noyes, the hypochlorite ion 
decomposes into chloride ‘and chlorate ions during 
this treatment. Since the speed of oxidation-reduction 
reactions increases with the temperature, not only 
does the hypochlorite ion decompose, but also anions 
having strong oxidizing or reducing power may react 
in the boiling sodium carbonate solution. Because of 
this, some anions may be destroyed while others may 
be produced. To avoid errors of this kind, the author 


' Presented before the Chinese Chemical Society, 11th annual 
Meeting, July, 1943. 


suggests the following method for the preparation of 
the sodium carbonate extract. 

Place 0.5 g. of the sample in a small beaker and add 
10 ml. of a cooled solution of sodium carbonate. Stir 
vigorously with a stirring rod for 10 minutes, and after 
it has settled decant the clear supernatant solution 
into another beaker. Add another 10 ml. of cooled 
sodium carbonate solution to the residue and repeat 
the process. Add still another 10 ml. of sodium 
carbonate solution to the residue, heat the mixture 
to boiling, and continue to boil for 5 minutes. While 
the solution is still hot, filter it into a small beaker. 
After the filtrate has cooled, mix it with the supernatant 
liquid already obtained, and use the combined solu- 
tion for the analysis of anions. 





Non-stoichiometric Equations 


OTTO F. STEINBACH 
City College of New York, New York City 


HILE chemical equations may balance alge- 

braically, they are not necessarily stoichiometri- 
cally exact. The following equations, many of which 
are given to students for practice balancing and which 
are found in textbooks, illustrate the above state- 
ment. 

The most flagrant instance of the above statement 
are reactions involving hydrogen peroxide. The re- 
action between hydrogen peroxide and potassium 
permanganate is a good example of variable coefficients. 
Thus the possible coefficients are 


KMnQ, + H:202 + H2SO,-—> KHSO, + MnSQ, + H20 +0: 


2 1 4 2 2 4 3 
2 3 4 2 2 6 4 
*2 5 4 2 2 8 5 
2 7 4 2 2 10 6 
2 9 4 2 2 12 7 
6 1 12 6 6 10 8 
18 1 36 18 18 28 «18 
6 5 12 6 6 14 10 
18 5 36 18 18 36.23 


The row preceded by the asterisk is recognized as the 
correct stoichiometric equation. Obviously there is 
an infinite number of solutions for the coefficients. 
Only a few of the total possible solutions are given. 

The reaction between potassium dichromate and 
hydrogen peroxide is another example. Thus the 
coefficients for the equation are 


K.,Cr,0; oh H20, + H2SO, <> KHSO, + Cr2(SOx)s + H:.0 +0, 


1 1 5 2 1 5 2 
1 3 5 2 1 if 3 
we 5 5 2 1 9 4 
1 7 5 2 1 11 5 
3 1 15 6 3 13 5 
5 1 25 10 5 21 8 
7 1 35 14 7 29 «#611 
5 3 25 10 5 23 9 
7 3 35 14 7 31 12 


The row marked with the asterisk is recognized as the 
correct stoichiometric equation. Apparently there 
is an infinite number of solutions for this equation 


also. 
Another equation which shows a similar variability 


in coefficients is 
NaOBr + H.O.— NaBr + H.0 + O2 
*] 


NTO GO et et 

eee Tore 
NTO ee 
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Again the correct stoichiometric coefficients are in- 
dicated by the asterisk. 

The author has tried other equations involving 
hydrogen peroxide and found that whenever this 


substance acts as a reducing agent, it is possible to 
obtain variable coefficients. When hydrogen per- 
oxide acts as an oxidizing agent, no such situation is 
found. 

Variability of coefficients is not limited to equations 
wherein hydrogen peroxide is a reactant. The follow- 
ing equations will illustrate this: 


KOC! + KCIO; + KCIO; + KCl 


| 1 3 1 
4 1 2 3 
7 1 3 5 

10 1 4 € 
1 4 2 3 
1 Lf 3 5 
2 5 4 3 
2 8 6 4 
2 11 8 5 
2 14 10 6 


The correct coefficients are indicated by an asterisk. 
An interesting fact is that the same stoichiometric 
coefficients result if either chlorite or hypochlorite 
ion is assumed to be the oxidizing agent when the 
equation is balanced by ion-electron or valence-change 
methods. Tables of oxidation-reduction potentials 
indicate that the chlorite ion is a slightly stronger 
oxidizing agent than the hypochlorite ion. With a 
reaction such as this, changes in concentration of the 
reactants would permit either to be the oxidizing 
agent, due to change in oxidation potentials. 
The equation 


HCI1O; => HCIO, ~ Cl; + O: “fp H;,0 


*3 1 1 2 1 
5 3 1 1 1 
7 1 3 7 3 

10 2 4 9 4 

10 6 2 2 2 


also shows a variability in coefficients. The vari- 
ability is probably due to the fact that in this par- 
ticular equation, two or more chemical reactions are 
taking place and such an equation has no particular 
significance. 

An equation frequently given to express the reaction 
between potassium chlorate and hydrochloric acid 
for the production of chlorine dioxide is 


8KCIO; + 24HCl + 8KCl + 9Cl. + 12H:,0 + 6CI10, 


+2 4 2 1 2 2 
3 10 3 4 5 2 
*4 16 4 7 8 2 
5 22 5 10 11 2 


The numbers underneath the equation represent some 
other possible solutions for the coefficients. The 
coefficients preceded by the asterisk are obtained on 
balancing the equation by either valence-change or 


(Continued on page 69) 
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Recent Chemical Patents 





WILLIAM S. HILL 


Member, Examining Corps, United States Patent Office 


i IS proposed to review regularly in this column 
some of the recent chemical patents which may be 
of interest in the field of chemical education. The form 
followed will make it possible for anyone to refer to the 
original patent for further information, should he de- 
sire. Only United States patents will be included. 


INORGANIC CHEMISTRY 


Recovery of Sodium Sulfate. No. 2,333,138. Charles 

D. Adams, Pomona, California. 

There should be no shortage of washing soda. 

This is an interesting method of recovering very pure 
sodium sulfate from the California deposits. A shallow 
basin is scooped in the deposit and is flooded with a salt 
water solution whose concentration may be from 2 to 
4 per cent. Use of the natural brine of California’s 
Salton Sea is contemplated. This mixture of sodium 
sulfate and salt water, contaminated with calcium sul- 
fate, clay, and other impurities, is pumped into a 
settling tank where the clay is allowed to settle. Addi- 
tional gypsum may be added if more is needed to help 
settle the clay. From the settling tank the clear top 
liquid is pumped through a refrigerating apparatus 
which brings the temperature down to about 50°F. at 
which temperature rapid crystal growth occurs. The 
crystals are filtered out, washed with very cold water 
containing a little sodium sulfate, and dried. The salt 
solution is refrigerated as many times as necessary for 
complete recovery and is finally sent back to the sulfate 
deposit to be used over again. Patentee claims produc- 
tion of sodium sulfate of about 99 per cent purity. 


Separating and Recovering Potassium Chloride and 
Borax. No. 2,333,334. Edward P. Pearson, 
Trona, California, assignor to American Potash and 
Chemical Corporation, Trona, California. 

This is an ingenious flotation method of separating 
potassium chloride and borax as they occur naturally in 
the famous Searle’s Lake brines. A solution of both 
salts is treated by known methods to crystallize a 
mixed crop of the two salts. Following crystallization 
and separation from the mother liquor, the mixed 
crop is subjected to froth flotation. Suitable flotation 
teagents are selected to render either one of the two 
salts hydrophobic while the other remains hydrophylic. 
The air or gas bubbles attach themselves to the un- 
wetted hydrophobic particles, carrying them to the 
top. To float the borax and not the potassium chlo- 
tide, flotation agents such as oleic acid, xylene, tur- 
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pentine, etc., may be used. To reverse the process, 
agents such as that sold commercially as ‘‘Emulsol 
480” are used. The separated salts must be further 
purified. 


Method for Producing Chlorine Dioxide. No. 2,335,- 
808. Edward C. Soule, assignor to the Mathieson 
Alkali Works, Inc., New York City. 


A metal chlorate reacts with sulfuric acid in the 
presence of a persulfate at a temperature not exceed- 
ing 50°C. The reaction is represented by the following 
equation: 


This allegedly produces a product substantially free of 
chlorine and allows almost 100 per cent conversion of 
the chlorate. 


ORGANIC CHEMISTRY 


Hydrogenation of Ketones. No. 2,334,100. Vladi- 
mir N. Ipatieff, et al., assignors to Universal Oil 
Products Company, Chicago, Illinois. 

This describes the hydrogenation of ketones by sub- 
jecting the ketones to hydrogen in the presence of a 
specially prepared catalyst comprising essentially 
copper, zinc, and alumina. 


Production of Aliphatic Aldehydes. No. 2,335,238. 
Henry Dreyfus, London, England, assignor to 
Celanese Corporation of America. , 
Ethylene oxide or ethylene glycol vapor is passed 

through a heated reaction zone containing as catalysts 

such acid-reacting salts as zinc chloride or aluminum 
orthophosphate. The reaction is carried out at tem- 
peratures of 200 to 600°C. 


Process for the Production of Acid Halides. No. 
2,335,259. William S. Calcott, assignor to E. I. 
du Pont de Nemours and Company, Wilmington, 
Delaware. 

One example given in the patent specifies the use of a 
paraffin base mineral oil free from olefinic and other 
unsaturated constituents of certain types. The oil is 
placed in a cooled opaque reaction vessel. A low tem- 
perature neon vapor lamp is immersed in the hydro- 
carbon as a photocatalyst. A gaseous mixture of 242 
parts by weight of sulfur dioxide and 152 parts by 
weight of chlorine is passed through the hydrocarbon 
for one and one-half hours. The main product is a 
hydrocarbon sulfonyl chloride. 
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Process for Making Plastic Polymeric Materials 
Which Comprises Polymerizing Butadiene in the 
Presence of Selenium or Tellurium and Product 
So Made. No. 2,333,403. Mortimer A. Youker, 
assignor to E. I. du Pont de Nemours and Com- 
pany, Wilmington, Delaware. 

The title is sufficiently descriptive of the process. 
The product is described as a rubber-like material 
which is plastic and easily processed, thus overcoming 
many of the objections to this type of synthetic rub- 
ber, which is tough and strong but usually very diffi- 
cult to process and utilize. 


Polymerization of N-vinyl Lactams. No. 2,335,454. 
Carl Schuster, e¢ al., vested in the Alien Property 
Custodian. 

An N-vinyl] lactam such as N-vinyl-alpha-pyrrolidone 
may be polymerized in the presence of hydrogen per- 
oxide by heating at 110°C. for three hours in a pres- 
sure-tight vessel. The product is described as viscous, 
or even horny or glasslike. It is sometimes also brittle 
and possesses a high softening point. Some of these 
polymers dissolve in water, some only in certain or- 
ganic solvents. They are regarded as useful for sizes 
and adhesives, protective colloids, binders in lacquers, 
and other industrial applications. 


GENERAL 


Method and Composition for the Treatment of Air. 
No. 2,326,672. Guy S. Paschal, New Rochelle, 
New York, assignor to himself and John T. Adams, 
New York City. 

You can cook onions or fish for dinner and entertain 
the same evening without social embarrassment. This 
one is already being widely advertised and marketed. 

It discloses the use of chlorophyll activated with 
formaldehyde to remove undesirable odors from the 
air and give it ‘‘freshness.’”” The proportions used are 
about 3 parts chlorophyll to 16 parts formaldehyde in 
40 per cent commercial solution. 


Method of Sterilizing Air. No. 2,333,124. Oswald 

H. Robertson, e¢ al., Chicago, Illinois. 

This one should prevent the spread of communicable 
diseases of the respiratory tract in theaters, schools, 
etc. 

It uses glycols such as ethylene or propylene glycol 
vaporized either by heat or bubbling air, and blown 
into the enclosed space containing the bacteria. When 
used in proportions as low as one gram of propylene 
glycol vapor to 10 to 15,000,000 cc. of air, all toxic 
bacteria are stated to be instantly killed. Suggested 
use is in the air conditioning systems of theaters and 
schools to prevent spread of diseases like pneumonia. 


Sandstone Product. No. 2,333,151. James A. Camp- 
bell, assignor to Kewaunee Manufacturing Com- 
pany, Adrian, Michigan. 

The product is intended to be used as chemical 
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laboratory table tops, hoods, sinks, and the like, 
Quarried sandstone is baked to remove excess water. 
The slab is then impregnated with a mixture of fur- 
furaldehyde, furfuralcohol, water, and sulfuric acid. 
The mixture is allowed to resinify in the slab. The 
product is said to be impervious and of markedly in- 
creased strength and heat resistance. 


Water Softening Process. No. 2,333,142. A. S. 

Behrman, assignor to Infilco, Inc. 

Note the similarity in idea here to the well-known 
‘“‘Permutit’”’ process although the exchange agents are 
radically different. The patent describes a new type 
of cation exchange material declared to be useful in 
removing bicarbonates and carbonates from water. 
The purifying substance is a sulfonated rubber. 


Motor Fuel. No. 2,334,006. Melvin M. Holm, as- 
signor to Standard Oil Company of California, San 
Francisco, California. 

As a substitute for the well-known lead tetraethy], 
an antiknock agent in gasoline, this patent discloses 
the use of certain esters such as isopropyl formate. 
The type of motor fuel with which these esters may be 
used is that consisting essentially of branched-chain 
paraffin hydrocarbons. 


Sunburn Preventive. No. 2,334,348. 
rese, assignor to The National Marking Machine 
Company, Cincinnati, Ohio. 

All sun tan addicts and all those afraid to come out 
from under the beach umbrella at the seashore will be 
interested in this patent. 

Use is made of certain basic dyestuffs, one example 
of which is 9-ethyl 3-dimethyl amino carbazole. This 
compound fluoresces brilliantly, which indicates that 
it is a good absorber of ultraviolet light. Since 
it is the ultraviolet that burns the skin, this type of 
compound is presumed to be efficient in preventing skin 
burn. The inventor states that it may be incorporated 
in vehicles such as mixtures of ethanol and glycerol, 
vanishing cream, “Carbowax,” talcum powder, or 
zine stearate. He further asserts that it adheres well 
to the skin or hair only for a period of about 24 hours. 
It also remains on the skin as an invisible layer after 
the carrier is removed. 


Pest Control. No. 2,335,323. W. H. Tisdale, as- 
signor to E. I. du Pont de Nemours and Company, 
Wilmington, Delaware. 

Do you have nematodes or eelworms in your victory 
garden? 

To supplant the laborious and expensive method of 
injecting chloropicrin into the soil at many points in 
order to control nematodes, this patent discloses the 
use of phenyl and furyl nitroethylenes. It also states 
that the compound may be applied by simply scattering 
before ploughing or harrowing, is effective in small 
quantities, and has a stimulating effect on plant 
growth. 
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WHAT’S BEEN GOING ON (Continued from page 54) 


per cent alpha-cellulose—only slightly less than cotton—could 
be used in rayon manufacture. 

The same curly bast fiber, which has greater tensile strength 
than flax or hemp, can also be spun directly into textile yarn. 
However, since fiber taken from the stalks after the plants have 
matured and the floss has been harvested is weaker than that 
taken at blossoming time, production of such yarns would inter- 
fere with floss production, and it is not likely to be fostered while 
the need for floss remains urgent. 

Milkweed floss can be spun satisfactorily only if its waxy 
coating is first removed by chemical treatment. 

Clothing. After the war, skiers and skaters may wear clothing 
made warm and water resistant by padding with milkweed floss. 
Warmer and lighter than pure wool, the floss is now being used in 
its natural state to pad military clothing and sleeping bags. 
Used as stuffing for flyers’ jackets, the buoyant and waterproof 
floss serves as life preserver for pilots downed over the sea. 
Because its waxy coating prevents it from absorbing moisture and 
therefore from freezing, the floss is particularly useful in cold 
climates. 

Sports Equipment and Toys. Postwar use of the floss as stuffing 
for handballs, football helmets, dummies, knee pads, boxing 
gloves, toys, and the like seems to be indicated. It is reported 
that a handball manufacturer already has a contract for pur- 
chase of floss after the war. 

Home Furnishings. In its natural state, milkweed floss is a 
completely adequate substitute for kapok in mattresses, pillows, 
and furniture upholstery. 


The Importance of Abrasives in War Production 


ASS production owes much of its suceess to abrasives. 

The average householder may think of abrasives in terms 

of sandpaper bought a few sheets at a time or a grinding wheel 

used for sharpening kitchen knives and home tools. However, 

the industrial applications of abrasives in war production an- 

nually call for thousands of tons of abrasive materials of various 
kinds. : 

Abrasives play a big part in the program to “‘keep ’em flying”’ 
and “‘keep ’em rolling’ on the war fronts. They figure in the end 
operation of all operations before a piece of equipment goes to a 
theater of war. By finishing the surfaces of parts—whether 
ball bearings, pistons, guns, or other items—to minute toler- 
ances, abrasives make possible the interchangeability of standard 
parts of mechanized equipment or arms, so damaged material 
may be speedily put back into the fight, and provide more effi- 
cient operation of equipment. 

Even a partial list of items that are surface finished with 
abrasives is impressive. These include aircraft engines, pro- 
pellers and airframes, tanks, transport vehicles, ships, guns, 


machine tools, crane hoists, diesel engines, all ship-propulsion 
machinery, mining and farm equipment, food processing ma- 
chinery, public utilities equipment, and woodworking products. 

Formerly, natural sandstones were used for sharpening tools, 
finishing castings and forgings, and polishing, but the operations 
were slow. 

The lack of dependable, controllable grinding wheels was a 
large factor in delaying the development of mass production. 
Now abrasive wheels permit the speedy production of innumer- 
able parts, each one alike to within a fraction of a thousandth of 
an inch. 

Mass production got a major boost with the invention of the 
emery wheel in 1864. With it came the use of harder steel tools 
which the old grindstones had been too soft to sharpen. Finer 
grinding and finishing also were made possible. Although emery 
had been used for centuries, it was not until it was made into a 
wheel that its industrial application boomed. 

Following emery wheels came the discovery of artificial or 
manufactured abrasives. The artificial abrasives are silicon 
carbide, discovered in 1891, which is the hardest known material 
next to diamond and can be used for wearing down diamonds; 
and crystalline aluminum oxide, also called fused alumina, which 
was first produced commercially as an abrasive in 1900. Silicon 
carbide is used chiefly on metals of low tensile strength, and alu- 
minum oxide is used as an abrasive for metals of higher tensile 
strength, such as steel. Steel shot, steel grit (crushed steel), 
and steel wool are also used as industrial abrasives. 

Grinding wheels are really cutters with thousands of tiny teeth. 
Their action is one of cutting minute slivers from the material to 
be ground. 

Various materials are used to hold the grains together in a 
wheel. These include vitrified clay, rubber, shellac, silicate of 
soda, and synthetic resin. Structure determines the cutting 
action of a grinding wheel, so the grains are classified according to 
screening sizes. 

The smooth surfaces produced by abrasives also serve to cut 
down friction and allow machines to function smoothly with a 
minimum of “breaking in.’’ 

Coated abrasives include abrasive coated papers and cloths, 
flexible wheels on the face of which loose grain is glued, and discs 
on the sides of which are attached either loose grain or abrasive 
cloth. The term “sandpaper” is erroneous, since the natural 
abrasives used in coated abrasives are corundum, emery, garnet, 
quartz, pumice, or flint, and artificial abrasives are silicon car- 
bide and aluminum oxide. 

Abrasives perform a host of different operations such as sur- 
face grinding, cylindrical, internal, flat-surfacing and” form 
grinding, saw filing and other tool sharpening, as well as cutting 
operations. Thus are abrasives a vital link in maximum war 
production. 


NON-STOICHIOMETRIC EQUATIONS (Continued from page 66) 


ion-electron method on the assumption that chloride 
ion is oxidized to chlorine while ‘‘chlorine’’ in chlorate 
is reduced to chloride and chlorine dioxide. The 
coefficients preceded by the dagger result when the 
equation is balanced on the assumption that chloride 
ion is oxidized to chlorine while the chlorate ‘“‘chlorine”’ 
is reduced to chlorine dioxide. 

When equations are balanced by either the valance- 
change or the ion-electron methods, the coefficients 
obtained are the correct stoichiometric ones. The 
above reaction is not an exception to the rule. The 
variability is due to the fact that the equation prob- 
ably represents several distinct chemical reactions. 
When such a condition exists, it is reasonable to expect 


that the stoichiometric coefficients obtained will 
depend upon the selection of the oxidation and re- 
duction products. Equations such as these have no 
stoichiometric meaning, and it is doubtful whether 
they have any real significance other than that they 
contain the shorthand suggestion of the reactants 
used and the products obtained. They do, however, 
have a definite suggestion that further investigation 
wou'd be most desirable. It is by examples such 
as these that the wide divergence between the stoichio- 
metric equation and the actual mechanism of a chem- 
ical reaction is so poignantly revealed. The author 
wishes to thank Professor Ross A. Baker for his many 
helpful suggestions. 





Out of the Editors Bashet 


ARTIN Meyer, Brooklyn College, Brooklyn, 
New York, has pointed out the time differences 
between the two Army Specialized Training program 
courses in general or inorganic chemistry (AST—205, 
206) and the average of high-school or college practice 
for approximately the same content, judging by the 
syllabus contained in the bulletin of April 9, 1943. 


Class Hours Laboratory Hours 


AST 108 36 
Median high school 200 40 
Median introductory 

college course 250 150 


He questions whether the AST work can be regarded 
as equivalent to even a high-school course in chemistry, 
and raises several corollary questions. 

The original article is in the November, 1943, issue of 
The Chemist, published by the American Institute of 
Chemists. 


e@ Two displays of headline interest were included in 
the American Chemical Society’s exhibit at the recent 
19th Exposition of Chemical Industries, in New York 
City. These featured models of cracking operations of 
two different types, used in the manufacture of aviation 
gasoline and synthetic rubber. 

One of these employs a new synthetic bead catalyst, 
concerning which strong claims are made. The process 





MopERN Vacuum TuBE (See page 72) 


in which it is used is said to yield a 13 to 30 per cent 
increase in aviation gasoline over the present processes; 


23 to 35 per cent increased power under optimum | 
Also to 


conditions over the best present processes. 
produce a fuel of 95 to 100 research octane number and 


400 end point with less than 3 cc. of lead, by cracking ff 


gas oil once through or recycling. A further advantage 
claimed for the new process is a saving of 50 per cent 
in strategic materials. 

The second cracking process demonstrated at this 
booth employs a so-called “‘fluid’”’ catalyst, which is, in 
fact, a powder so finely divided that it can be “‘fluid- 
ized,’’ or so completely dispersed by agitation with air 
or gas that it can be circulated like a liquid. 

The powdered catalyst in this fluid form is ‘‘pumped” 
into the reactor by the stream of hydrocarbon that is 
to be cracked, and after this operation again pumped to 
a regenerator by a stream of air. Carbon accumulated 


by the spent catalyst in the cracking operation is then § 
burned off at temperatures of 1000 to 1200°F., thus 


regenerating the material and preparing it for reuse. 
Illustrating how rapidly the array of chemical sub- 


stances is growing under intensive research, there was [ 
a display of derivatives from coal by a leader in that f 
particular field. Four years ago, at the 17th Exposition | 
of Chemical Industries this exhibitor displayed a list fj 


of 34 chemicals from coal, called ‘‘orphans’’ because 


though their chemical and physical properties were 
known, many of them then had no known value. Today 
many of these products are serving useful commercial 


purposes. In the meantime, however, the list of avail- 
able derivatives has grown from 34 to more than 200. 


e Some time ago J. C. Hackney, of McKendree 
College, Lebanon, Illinois, made a questionnaire survey 
of college courses in elementary chemistry, which 
showed that in only about one-third of our institutions 
are separate elementary courses given for those who 
have had secondary school preparation in chemistry 
and those who have not. Ina number of cases, however, 


it was evident that combined courses were not the re- | 


sult of preference but of limited enrollment and pert- 
sonnel. A significant indication of the extent of the 
so-called ‘‘modernization’’ movement is the report that 
in just about half of all courses surveyed the original 
Arrhenius conception of ionization is the only view 
presented. It was also reported that about one-fourth 
of all courses use the Lowry-Br¢gnsted definitions of 
acids and bases, to some extent at least. 


e@ By last November the production of 100 octane 
gasoline had reached 400 per cent of that during the 
early months of 1942, and at the end of the year there 
were 72 refineries making 100 octane gasoline in the 
United States. Only 22 were making it in January, 
1942. It is expected that early in the present year pro- 
duction will reach 800 per cent of the 1942 product. 
From eight to sixteen months are required to build a 
100 octane gasoline plant, depending upon the size and 
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type of the unit. Of the three principal catalytic 
petroleum cracking methods now being used in the 
U. S. war program—the Houdry, the Thermofor of 
TCC, and the fluid catalytic method—the fluid method 
is expected to account for about half of the nation’s 
aviation war gasoline. 

One of the largest fluid catalytic crackers was put in 
operation in Baltimore on December first. This ‘‘cat 
cracker,’”’ known as the “Baltimore Giant,” immedi- 
ately went into a four-day yowl which caused so many 
people to call the police and fire departments to find 
out what was wrong that Standard Oil put advertise- 
ments in the newspapers to apologize and explain. 
The noise was caused by the powerful blowers and an- 
nealing fires required to complete preparation of the 
interior of the massive structure to receive the unending 
flow of petroleum which is cracked to make high octane 
gasoline for United Nations’ fighting planes. 


e@ Leroy D. Johnson, of Storer College, Harper’s Ferry, 
West Virginia, whose apparatus for the detection of 
carbon and hydrogen in organic compounds was de- 
scribed on page 37 of the January, 1944, issue of THIs 
JOURNAL, has written to say that the same fundamental 
apparatus may be used for the microdetection of ni- 
trogen by the magnesium fusion method. For this 
purpose a small 10- or 25-ml. distilling flask is used. 
The sidearm of the distilling flask enters a 4-inch test 
tube filled with very dilute HCl. Equal quantities of 
sodium carbonate, magnesium, powder, and sample are 
mixed, introduced into the flask, and covered with 
carbonate-magnesium mixture. The stoppered flask is 
heated gently, whereupon magnesium nitride forms if 
nitrogen is present. The nitride is decomposed in the 
usual manner, and NH; may be detected by Nessler’s 
reagent, or with moist litmus paper. 


@ A recent survey made in an eastern city showed that 
of the families which were habitual users of vitamin 
preparations, 62.8 per cent gave credit to doctors; 
11.6 per cent to the advice of friends; and 8.3 per cent 
to radio advertising; while 7.4 per cent said it was 
their own idea. (Radio sponsors please copy!) 


@ Millions of dollars have been spent on paints, 
finishes, and treatments to delay the inevitable rusting 
or oxidation of metals, according to Westinghouse engi- 
neers. Conspicuous success has been achieved by treat- 
ing metal surfaces with phosphoric acid solutions to in- 
crease paint adhesion and thereby improve corrosion 
resistance. 

Zinc remained stubborn and would not take the phos- 
phate coating evenly in the ordinary phosphating 
process. Early in this work a curious phenomenon was 
discovered. If the zinc surface is wiped with the hand, 
a brush, or a cloth before it is treated, excellent phos- 
phate coating results. Just why this happens is not 
altogether clear. Nevertheless, many methods of 
wiping the zinc surface before treatment were at- 
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tempted. In production, however, uniform wiping is 
difficult even on plane surfaces—on irregular objects it 
is impossible. 

A young chemist tackled the problem. He proposed 
doing the wiping chemically instead of mechanically. 
Countless dips were tried with indifferent and incon- 
sistent results. One day he tried disodium phosphate 
with excellent results that could be duplicated as long 
as that particular batch of phosphate lasted. With the 
next lot of disodium phosphate the result was a failure. 
Obviously, there was something different about the 
previous bottle of phosphate, but ordinary chemical 
tests revealed no difference. Finally in desperation a 
more critical test was made and a faint trace of tita- 
nium—one part in a million—was found. Herein lay 
the answer. For some reason a mere whisper of tita- 
nium is the magic that makes the predip solution of di- 
sodium phosphate work as a chemical wipe on zinc for 
subsequent and final phosphating treatment. 

The process is now being applied extensively on a 
commercial scale for protection of hundreds of zinc- 
coated machine parts for both war and peace. Certain 
war implements receive a layer of zinc but 0.0003 inch 
thick. When given the titanium predip and the normal 
phosphate coating they are able to meet the 100-hour 
salt-spray test with ease. Without the titanium pre- 
dip, corrosion appears in an hour or two. 

The predip can also be used for phosphating of steel. 
The resulting improvement in corrosion resistance is 
not always so marked as with zinc—nevertheless, it 
reduces the time required to form the protective coat- 
ing. 
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An Electronic Primer 


C. T. PEARCE 


Westinghouse Electric and Manvfacturing Company, Philadelphia, Pennsylvania 


LECTRONICS might be defined as the science of 

the electron in space. It is distinguished from 
other branches of electrical engineering in that it deals 
with the handling of electrons “in the raw”’ as it were; 
that is, where they flow across an evacuated or gas- 
filled space in a tube, rather than through a copper 
wire. 

Electronics is not a new science, although the general 
public has not been made very well aware of it until 
recently. Many of the fundamentals of electronics 
have been known for several years, but the first general 
application was in radio. Electronic devices are now 
found in practically all fields of industry, and there has 
been a very sharp increase in their usage during recent 
years. In some instances, they have permitted the 
development of entirely new applications, hitherto 
unknown because no equipment was available to give 
the desired results. In others, they have replaced 
or supplemented the existing forms of equipment, be- 
cause they do the job better. 

The present conception of matter is that each ele- 
ment is made up of infinitesimally small bodies known 
asatoms. The atom, in turn, is composed of a number 
of still smaller particles. Some of these particles have 
a negative electrical charge, while a corresponding 
number have a positive charge; thus keeping the sys- 
tem in electrical balance. The negative particles are 
called electrons, and are assumed to rotate about the 
positively charged particles in the nucleus, just as the 
earth and planets revolve around the sun. The 
various elements differ in the number of electrons and 
in the arrangements of their orbits around the nucleus. 
This obviously does not cover all of the ramifications 
of the atomic theory, but is sufficiently complete for our 
purpose. 

An electric current is therefore represented by a 
flow of electrons. One ampere of current requires a 
flow of over 6,000,000,000,000,000 electrons per 
second, so it is seen that we are dealing with very large 
numbers of very small particles. 

It has been found that if all air is removed from a 
chamber, electrons flow rather freely across this space 
when subjected to a voltage. This flow is greatly 
increased if the electron-emitting material is heated. 
Certain types of materials will also give off electrons 
if light is thrown on them. This flow of electrons is 
increased many times if the chamber is filled to a low 
pressure with certain types of gases. The flow of 
electrons can be very readily and accurately controlled 
by the use of the proper control elements placed inside 


the chamber, This theory can be used to explain 
the results obtained in at least the majority of electronic 
tubes. It also permits an accurate prediction of 
performance. 

From this, it follows that practically all electronic 
devices have the following things in common. 


1. They utilize a highly evacuated chamber. However, this 
space may be filled to a low pressure with an inert gas or 
vapor. 

. They have a negative terminal, known as a cathode, for 
the source of electrons. This cathode may be a plate, 
coated with a special material, and relying upon either heat 
or light for its emission properties. It may also be a pool 
of mercury. 

. They have a positive terminal, known as an anode, to 
collect the electrons. Care is exercised to reduce the 
electron availability of the anode. 

. They frequently utilize one or more additional control 
elements, usually referred to as “grids,” between the 
cathode and the anode. 

. As long as one main terminal is maintained as a cathode, 
and the other as an anode, these devices are inherently 
rectifying. This explains their wide usage in converting 
from alternating to direct current. 


Most of the advantages of electronic devices come 
about because they handle the smallest indivisible 
particle of energy, the electron. This largely ex- 
plains their flexibility and adaptability and their ease 
of close and accurate control. This principle may be 
crudely illustrated by considering a large pile of 
bricks. As long as they exist as a pile of bricks, they 
can be readily transported and many different uses 
can be made of them. As soon as they are fabricated 
into buildings, however, they must be transported as 
very much larger units, and their flexibility of usage is 
very greatly curtailed. 

Some of the technical advantages peculiar to elec- 
tronic devices are as follows: 


1. They can detect infinitesimally small amounts of power 
and then amplify them into usable or measurable quan- 
tities. Regardless of the ratio of amplification, faithful 
reproduction is obtained. 

. They give practically instantaneous response and perfect 
sensitivity, as compared to the time lag and sensitivity 
tolerance always present in mechanical devices. 

. They are inherently rectifying. 

. They permit control of the application of power in periods 
of fractions of a second, without the use of an arc-inter- 
rupting device. This is true whether handling a fraction 
of an ampere or thousands of amperes. 

. They can be used to transform light energy into electrical 
energy, as illustrated by the well-known photo tube. 

. They have no moving or rotating parts. This makes for 
less wear as well as easier foundation and mounting prob- 
lems. 
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7. They can be used to generate waves of energy at any 
desired frequency. This characteristic is used in pro- 
ducing high frequency waves for x-rays, internal heating, 
germ killing, etc. 


It should be pointed out that the great majority of 
electronic devices are actually electronic only in part. 
The growth in the use of electronic tubes has been made 
possible only by the development of the necessary 
associated apparatus and circuits. The same will 
undoubtedly be true of future applications of electronic 
equipment. The circuit apparatus necessary to apply 
electronic tubes requires from 4 to 200 times the value 
of the tubes themselves. 

Following are a few of the more important present 
uses of electronic devices. 

The familiar radio receiving set, already mentioned, 
depends on electronic tubes to amplify the very weak 
signals received over the air, so that they can be 
heard in the loud speaker. Electronic tubes are also 
used at the broadcasting station to transform and 
amplify sound into radio waves. 

Television relies upon electronic tubes at both the 
sending and receiving ends, to handle vision as well as 
sound. 

Carrier current relaying has been in use by electrical 
utilities for a number of years. It uses the high- 
voltage transmission line for the purpose of handling 
high-frequency signals, as well as its normal duty of 
carrying low-frequency power current. Its use serves 


to improve transmission line performance by the 


reduction in relay operating time. Electronic tubes 
are used to place the high-frequency signals on the line 
at one end and remove them at the other. The same 
principle can be used for communication and long- 
distance metering. 

The photo-tube or electric eye is a very important 
member of the family of electronic devices. It re- 
sponds to light, and may be made sensitive to any 
desired color. It can therefore be used for color- 
matching purposes. Photo-tubes may also be made 
sensitive to wave lengths outside the visible spectrum, 
that is, infrared, or ultraviolet. This makes them 
suitable for use in burglar alarms. The photo-tube 
has opened up a veritable host of applications for 
counting, scanning, or for control of any operation 
which can be accomplished by interrupting or reflecting 
a beam of light. Some of its uses in addition to those 
already mentioned are the counting of objects or 
persons, detection of defects in fast-moving objects, 
tension control, door, opening, automatic elevator 
leveling, temperature control, and thousands of others. 
It is probably the most popular of any type of electronic 
tube for industrial use. 

In the broad field of control, electronic devices are 
already used very widely. In this category are super- 
sensitive voltage and speed regulators, precise speed 
control of electric motors over a very wide range, and the 
control of operations from such variables as temper- 
ature, speed, time, and light. 

Resistance welding of certain types of material 


would not be possible without the use of a power- 
size electronic device known as the “‘ignitron.” It 
feeds thousands of amperes into the weld but for 
periods of one-hundredth of a second or less. It is 
only by applying tremendous heat very momentarily 
that several of the modern alloys can be satisfactorily 
welded. This has been a great boon to industries 
engaged in the fabrication of materials. 

The “ignitron” is also utilized for the conversion 
of alternating current to direct current in large quan- 
tities. It therefore finds application in the chemical 
industry, where a great amount of direct current power 
is required for electrolytic purposes. Reference is 
made in particular to the production of aluminum and 
magnesium. The “ignitron’’ is also used widely in 
the transportation industry for supplying large blocks 
of direct current power. 

An air-cleaning device known as the precipitron was 
made available a few years ago. It charges small 
particles electrostatically, and then attracts them to 
a charged plate of the opposite polarity. High-voltage 
electronic rectifying tubes are required for charging 
the particles as well as collecting them. This device 
has a cleaning efficiency of 90 per cent as compared to 
25 per cent for the best mechanical filter. It is par- 
ticularly effective in removing very small particles. 
For example, it will absolutely eliminate tobacco smoke 
and hay fever pollen. It is finding an increasingly wide 
usage in all types of applications where absolutely 
clean air is a requisite. It has just recently been in- 
stalled in some machine shops to remove oil vapor sus- 
pended in the air. 

The x-ray tube generates waves of a very high fre- 
quency, which penetrate solid matter. It has been 
used for several years in the medical field, but has 
recently been found to be of great industrial value in 
detecting internal flaws in material. By discovering 
such defective material before machine work has been 
performed on it, many valuable man-hours of work 
are saved. 

The present scarcity of tin has forced the tin plate 
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manufacturers to apply the tin electrolytically instead 
of dipping it in a hot bath as before. This reduces 
the consumption of tin to about one-third of the 
previous amount required to cover the same surface. 
Unfortunately, the electrolytic process gives a dull, 
rough surface. It has been found that a bright surface 
can then be obtained by melting the thin coating of 
tin with the heating of high-frequency waves. For 
heating a strip 30 inches wide traveling at 1000 feet 
per minute, 1200 kw. of power, at about one-half radio 
broadcasting frequency, is required. This is equiv- 
alent to the power of 24 of the largest broadcasting 
stations. Installations totaling approximately three 
times the power of all our regular broadcasting stations 
together are now in operation. 

High-frequency tubes can be used to produce in- 
ternal heat in an object, and are therefore able to dry 
out material from the inside out, rather than the out- 
side in. The use of internal heat instead of external 
gives great savings in time in the drying of thick 
sections of organic materials, curing of plywood and 
plastic materials, etc. 

The cathode ray oscillograph records the path of a 
beam of electrons. Its chief virtue is that a stream of 
electrons has no inertia, and therefore follows exactly 
the actuating forces. 
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The electron microscope gives magnifications not 
possible with the optical type. 


Electronic amplifying tubes are used in a very § 


sensitive balancing machine. Vibration impulses, 
down to 25 millionths of an inch, are magnified to a 
point where they can be located and corrected. 

Many types of electronic devices have proved very 
valuable in the medical field. Prominent among 
these is the x-ray tube, which has already been men- 
tioned. Another is the “Sterilamp” which generates 
waves in the ultraviolet range and destroys many 
bacteria and spores. The installation of this type 
of lamp in operating rooms has been found greatly to 
reduce infections. Still another medical application 
of electronic tubes is that of generating high-frequency 
heat in the human body. This is of great therapeutic 
value. 

There are many secret types of electronic devices 
giving essential aid in the prosecution of the war. 
The details on most of these applications will prob- 
ably not be available to industry until after the war. 

These wartime uses have given considerable im- 
petus to the development of electronic devices, and 
have served to uncover many new uses for them. 


From this it follows that their peacetime uses will bef 


many in the postwar world. 


A Coin Game Based on the Hexoses 


PHILIP S. CHEN and RUTH SMITH 


Atlantic Union College, South Lancaster, Massachusetts 


HE OLD Chinese coin game, Ping Chiu Wang 

Yuan, which only the Chinese could play because 
it is based on the characters of their language, can now 
be played by anyone with a knowledge of the carbo- 
hydrates. It is played with eight pennies, each bearing 
a different date. ‘These pennies are laid out on a table 
in two rows of four each, and one of the spectators is 
asked to choose mentally a coin; then tell in which row 
it lies. After picking the money up and laying it down 
twice, and learning in which row the selected coin lands 
each time, the performer is able to identify the secret 
penny. 

The ability of the performer in picking out the right 
coin depends wholly on his knowledge of the eight hex- 
oses, because there is a correlation between the two as 
explained below. If the positions that each coin oc- 
cupies in the two rows are traced, it will be found that 
each coin has a different combination, namely, one coin 
will be found in the upper row three times; one in the 
lower row three times; one in the upper row once and 
the lower row twice; one in the upper row twice and 
the lower row once, etc. In other words, there are 
eight combinations of positions for the eight coins, just 
as there are eight different configurations for the d- 


hexoses about the second, third, and fourth carbon 
atoms, as indicated in Figure 1. 
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Getting It Patented 


WILLIAM S. HILL 
United States Patent Office, Richmond, Virginia 


HE United States Patent Office and the unique 

system of which it is the very heart have had few 
press agents in their long history. Probably no other 
government agency has contributed so much to the 
American way of living and has had so little recognition 
in return as has the Patent Office. As a result, the 
education of most chemists does not include any in- 
formation on either the use of patents as chemical lit- 
erature or on the patent system and how to make use of 
it. The average American’s information concerning the 
Patent Office is about as follows: 

Many great inventors have taken out patents. The 
term of a patent is 17 years. We have copyrights to 
prevent pirating of publications. If you can think up 
a good gadget and get a patent on it you can make a 
million dollars easily. If you want a mechanical pat- 
ent you must submit a working model of your invention. 
Lots of articles have the mysterious expression ‘‘Pat. 
Pending” on them. 

Right here let us refute that statement about models. 
An inventor is not required to submit a model and has 
not been so required since 1880. The office has no 
room to store thousands of models. However, if an 
inventor thinks he has made a perpetual motion machine 
he must submit a model and prove that it will do all 
he claims for it. For some reason the Patent Office is 
suspicious of perpetual motion machines! 

As for the words ‘‘Pat. Pending”’ there is no law which 
prevents anyone, whether he has a patent application 
pending in the Patent Office or not, from putting the 
words ‘‘Pat. or Patent Pending”’ on his product. Con- 
sequently, the expression has no legal status whatso- 
ever. There is a reason for its widespread use, how- 
ever. If an article is on sale anyone may duplicate it 
if it is not covered by patents. Obtaining a patent 
may take some time. Not wishing to wait until the 
actual issuance of a patent, the inventor may wish to 
begin marketing it at once. But he has no patent 
numbers to stamp on it warning others away. What 
to do? If he places the expression “Patent Pending” 
on his articles he satisfies the requirement that warning 
must be given to possible infringers that he will prose- 
cute them if and when his patent issues. The confusing 
part is that a manufacturer often puts these words on 
his product when he has no patent application pending 
onit. He hopes this will act as a “‘scare.”’ 

We will later describe how a patent application is 
made and how it is handled in the Patent Office, but 
first let us see how this patent right grew up. 


THE VENETIAN SYSTEM 


The earliest patent system having some semblance to 
our own was that of the Republic of Venice in the 15th 
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century. At this time, Venice was one of the most 
important centers of the arts and sciences. The art of 
printing had been newly introduced and many patents 
were granted which were concerned with this art. For 
example, a patent was granted to Aldus in 1501 covering 
the design of his famous italic type. Patents were 
granted on other subjects as well. In 1555 a patent was 
granted for an invention relating to carriages. Infringe- 
ment was punished by forfeiture of the vehicle and its ani- 
mals, and a fine was imposed, of which one-third went to 
the informer and one-third to the poor of the city in 
which the infringement took place. In 1594 Galileo was 
granted a patent for ‘‘a machine for raising water and ir- 
rigating land with small expense and great conveni- 
ence.” To obtain this patent, Galileo had to present a 
petition to the Doge who referred it to a committee 
which made a favorable report to a council. The 
council passed a resolution granting the patent. The 
actual patent was in the form of a decree from the Doge 
and was for a 20-year term. The decree carried its own 
provision for punishment of infringers and provided 
further ‘‘that the petitioner is obliged to construct, 
within one year, said new form of machine, and that it 
has never before been the subject of a grant, otherwise 
the present grant will be as though never made.” 

From 1490 to 1600 over 1600 privileges in the nature 
of patents were granted in Venice. But only a small 
part of these were for inventions, most of them were 
copyrights. 


ENGLISH PATENTS IN QUEEN ELIZABETH’S DAY 


In England, Queen Elizabeth, during her long reign, 
granted many patents on various subjects.*» Some of 
these were for monopolies on products such as soap, 
saltpeter, and oil. Others were for processes involving 
the treatment of cloth, and still others were for me- 
chanical devices covering dredging, ovens and furnaces, 
pumps, etc. 

There was no uniform practice regarding the nature 
of the grants; some covered not only the instant in- 
vention but all subsequent improvements. The term 
of the grant was anywhere from 6 to 30 years. Patents 
were granted only for those devices regarded as entirely 
new and not for improvements in existing devices. 

Many abuses arose under the system. Some neces- 
sities, such as salt, starch, and paper, were subject to 
monopolies held by unscrupulous persons who extorted 
large sums from the populace by charging whatever 
they pleased. In 1624, after Elizabeth’s death, all this 
culminated in the passage of the Statute of Monopolies. 

1 “Outline of the history of the United States Patent Office,” 


J. Patent Office Soc., 18, 21-4 (1936). 
2 Ibid., 25-32. 
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This famous statute marked the beginning of the Eng- 
lish patent system and prohibited the granting of all 
monopolies except “‘.. . any letters, patents, and grants 
of privileges for the term of 14 years or under, here- 
after to be made of the sole working or making of any 
new manufactures within this realm, to the true and 
first inventor... .” 

“It cannot be said that the English patents of the 17th and 
18th centuries greatly stimulated or rewarded invention.? Com- 
paratively few were granted because the securing of a patent was 
so difficult and complicated, the fees many and exorbitant, and 
the treatment of the courts extremely rigid and harsh 


It can easily be seen how the word “‘patent’”’ came to 
be associated with the word ‘‘monopoly.” Many 
people still regard the two as synonymous although 
this idea is entirely contrary to the provisions of our 
American law. 


EARLY COLONIAL PATENTS 


Before the American colonies became welded into a 
nation, there were many instances of each colony’s 
granting patents for the exclusive use of a certain proc- 
ess for a term of years.4 The General Court of Massa- 
chusetts, in 1641, granted Samuel Winslow the exclu- 
sive right to make salt by his own original process for 
10 years. To show that this was not a monopoly in the 
Elizabethan sense, the colony later granted other pat- 
ents for the manufacture of salt by various methods. 

To encourage the struggling infant industries of the 
Colonies, monopolies were often offered to the first 
builders of such things as drydocks, sawmills, and to- 
bacco pipe factories (South Carolina in 1712). 

The first patent granted in America for machinery 
was by the General Court of Massachusetts, in 1646, to 
Joseph Jenks for making a water power mill for the 
manufacture of scythes and other edge tools. Later, 
in 1655, Jenks was given another patent for seven years 
for the invention of a scythe. He thus became the 
harbinger of our many great agricultural inventors 
such as McCormick, for his improvement resulted in 
essentially the modern blade. 


STATE PATENTS 


The individual states still continued to grant patents 
long after their union was accomplished® and the federal 
Constitution had provided for the grant of federal pat- 
ents. Fitch, Fulton, and others who developed the 
steamboat were granted patents in various states and 
fought each other for exclusive licenses to use their 
boats. It was not until 1825, when the Supreme Court 
decided that the New York patent and licensing law was 
unconstitutional, that the conflict between federal and 
state patent grants was settled. The states still, theo- 
retically at least, have the power to grant patents if 
they should so choose. However, in the words of the 
Supremé Court “‘. . . they cannot exercise it so as to re- 
strain free intercourse among states.”’ 

§ Tbid., 34. 


4 Thid., 35-42. 
5 Ibid., 43-54. 
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CONSTITUTIONAL PATENT PROVISION 


Our national patent system was founded by the 
framers of the Constitution. Growing out of proposals 
by Madison and Pinckney, the Constitution as drafted 
by the Convention provided, in Article 1, section 8, 
paragraph 8: 

“The Congress shall have power... to promote the progress of 


science and the useful arts, by securing to authors and inventors 
the exclusive right to their respective writings and discoveries.” 


The first Congress received several petitions for copy- 
rights and patents. The total number of petitions was 
18, and it was at once realized that consideration of such 
petitions by Congress would prove too burdensome. 

The second session of the first Congress convened and 
was addressed by President George Washington. 
Among the recommendations contained in his message 
was the following :” 


“The advancement of agriculture, commerce, and manufac- 
tures, by all proper means, will not, I trust, need recommendation, 
but I cannot forbear intimating to you the expediency of giving 
effectual encouragement, as well to the introduction of new and 
useful inventions from abroad, as to the exertions of skill and 
genious at home, and of facilitating the intercourse between the 
distant parts by a due attention to post office and post roads. 
Nor am I less persuaded that there is nothing which can better 
deserve your patronage than the promotion of science and litera- 


ture.” 


PATENT ACT OF 1790 


The first Congress duly passed the Patent Act of 
1790. The President signed it and it became law on 
April 10 of that year. The subject matter specified 
for a patent was “‘any useful art, manufacture, engine, 
machine, or device, or any improvement therein not 
before known or used.”’ The inventor was required to 
present a petition to the Secretary of State, Secretary 
of War, and Attorney General, who were empowered to 
grant the patent. The inventor also had to file a speci- 
fication, a drawing, and a model if possible. Penalty 
for infringement was provided as well as a provision by 
which a district court might repeal a patent within one 
year of issue. The cost of filing was nominal, amount- 
ing to four or five dollars. The Department of State 
administered this first patent statute. 

It can readily be seen that the entire power of grant- 
ing patents was vested in a three-member board. The 
members of this first board called themselves the ‘‘Com- 
missioners for the Promotion of the Useful Arts.” 
The first Commissioners were: Thomas Jefferson, 
Secretary of State, Henry Knox, Secretary of War, and 
Edmund Randolph, Attorney General. 

Thomas Jefferson was something of a mechanical 
genius, as a visit to Monticello will prove beyond doubt. 
No one can see the many mechanical contrivances 
which Jefferson built and incorporated in his home with- 
out a great surge of admiration for the man’s mechani- 
cal ability and scientific achievement. Thus it was that 

6 Tbid., 55-8. 


7 Tbid., 61-2. 
8 Ibid., 63-6. 
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Jefferson became the first administrator of our patent 


system. 
His strong support of our patent system is shown 


by the following quotation from one of his letters:? 


“An Act of Congress authorizing the issue of patents for new 
discoveries has given a spring to invention beyond my concep- 
tion. Being an instrument in granting the patents, I am ac- 
quainted with their discoveries. Many of them indeed are 
trifling, but there are some of great consequence, which have 
been proved of practice, and others which, if they stand the same 


proof, will produce great effect. 
“In the arts, and especially in the mechanical arts, many in- 


genious improvements are made in consequence of the patent- 
right giving exclusive use of them for fourteen years.” 


At least 114 applications were filed for patents during 
the first two of the three years covered by the first pat- 
ent act. Of these, 49 became patents. 

Since no provision was made in the first patent act 
for several inventors’ claiming a patent for the same in- 
vention it must have given the members nervous pros- 
tration when they received petitions from four different 
inventors with conflicting claims for steamboats and 
steam engines.4° These four men were John Fitch, 
James Rumsey, John Stevens, and Nathan Read. 
Hearings were held, and the Commissioners finally de- 
cided to grant each one a patent. There is nothing to 
lead one to suppose that duplicate patents were issued. 
It is most likely that all four patents as issued were 
distinct from one another. Fitch was no doubt disap- 
pointed, for he sought a patent so broad as to cover all 
methods of operating steamboats. 


PATENT ACT OF 1793 


In 1793 the second patent act was passed.'! It pro- 
vided for interfering applications but did away with an 
examination to determine novelty and utility. Thus 
the second act reduced the issuing of a patent to a mere 
clerical matter, a practice still followed in France. 

In a few years the business of patents began to grow 
rapidly. In 1802 it was found necessary to establish the 
Patent Office as a distinct unit, and Dr. William Thorn- 
ton was appointed as its first superintendent. 

Dr. Thornton was not only a man of considerable 
scientific interests and attainments, but also a zealous 
promoter of the patent system.’ He and James Madi- 
son were next-door neighbors in Georgetown—hence 
his appointment when Madison was Secretary of State. 
The two even owned a race horse in common. 

For some years Dr. Thornton was the Patent Office. 
He regarded it with a sense of personal ownership. As 
a consequence he sometimes neglected to collect fees, 
did not bother to keep accounts, often issued con- 
ficting patents, and even went so far as to issue patents 
to himself. In 1814 when the British burned most of 
the government buildings in Washington, Dr. Thornton 
interceded with the British Commander and implored 
him not to destroy the Patent Office with its many 
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valuable models. His request was granted and the 


office was spared. 

For more than 40 years following the passage of the 
Patent Act of 1793, patents were issued with no regard 
to their merits.1* This led to the inevitable result of 
many conflicting patents, long and expensive interfer- 
ence proceedings in the courts, and the issuing of many 
patents totally without utility or quality. It was not 
until 1836 that our present system had its real begin- 
nings. The Patent Law of 1836 created the systematic 
examination method of granting patents, established 
the Patent Office as a separate bureau, and placed it in 
charge of a Commissioner of Patents. In fact, except 
for some modernization and amplification, the act of 
1836 is the outline of today’s excellent patent system. 

Since 1836 a few of the high spots in the rise of the 
Patent Office have been: 


The revision of the patent statutes in 1870. 
The revision of all federal statutes including patent statutes in 


1874. 
The omission of the filing of models in 1880 (unless an inventor 


thinks he has a perpetual motion machine). 

In 1879 The Supreme Court’s declaration that the Trade Mark 
Law of 1870 was unconstitutional. 

Trade Mark Act of 1905. 

Establishment of the Court of Customs and Patent Appeals in 


1929. 
In 1930, the extension of the subject matter of patents to in- 


clude certain types of plants. 


The success of our patent system may be judged 
from several viewpoints. First of these is the way it is 
regarded by other countries. The Japanese have had 
a patent system since 1899. In preparation for the 
establishment of that system they sent Korekiyo 
Takahashi as a special commissioner to study the U. S. 
system. He spent several months in Washington and 
was given every possible aid. Finally Dr. P. B. Pierce, 
then examiner of designs, who had held many interviews 
with the Japanese Commissioner, desired to ask Mr. 
Takahashi a question of his own." 

“Well,” said Dr. Pierce, “I would like to know why 
it is that the people of Japan desire to have a patent 
system?” 

“T will tell you,” said Mr. Takahashi. ‘You know 
it is only since Commodore Perry, in 1854, opened the 
ports of Japan to foreign commerce that the Japanese 
have been trying to become a great nation, like other 
nations of the earth, and we have looked about us to 
see what nations are the greatest, so that we could be 
like them. And we said, ‘There is the United States, 
not much more than 100 years old, and America was 
not yet discovered by Columbus 400 years ago.’ And 
we said, ‘What is it that makes the United States such 
a great nation?? And we investigated and found it 
was patents, and we will have patents.” 

Of course Mr. Takahashi was a little extravagant 
with his praise of our patent system when he assigned it 
all the credit for America’s greatness. Yet the Swiss 


13 Thid., 93. 
14 Levy, ‘(Commentary on Japanese patent system,’ Jbid., 


24, 583 (1942). 
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previously had made about the same observation. In 
1876 at the Centennial Exposition in Philadelphia 
there was a Swiss manufacturer named Bally. Switz- 
erland had long won world-wide recognition for her 
watch manufacturing and other industries, but at that 
time possessed no patent system. Do what she would, 
Switzerland was experiencing the unpleasant prospect 
of watching a vigorous American watch industry take 
away her markets. When Mr. Bally returned to his 
own country he addressed a group of his fellow indus- 
trialists urging that they establish a patent system 
similar to that of the United States. Although he 
recognized that American zeal and activity had played a 
part in our industrial progress he assigned major im- 
portance to the effect of our patent system when he 
said :!° 


“TI am satisfied from my knowledge that no people has made in 
so short a time, so many useful inventions as the American, and 
if today machinery apparently does all the work, it nevertheless, 
by no means, reduces the workman toa machine. He uses it as 
a machine, it is true, but he is always thinking about some im- 
provement to introduce into it; and often his thoughts lead to 
fine inventions or useful improvements. 

. we must introduce the patent system. America has 
shown us how. May our sister republic serve as our model in 
this.”’ 


The Swiss patent system was subsequently estab- 
lished in 1888. 

Another way of judging the success of our patent 
system is to note how our industries have progressed 
under its protection. Since 1836 when our present 
system of examining patents was established, a flood 
of new inventions has advanced industry by leaps and 
bounds. More scientific and industrial advance has 
taken place in the last 100 years than in the previous 
100,000, and our patent system has played a large part 
init. — 

Final judgment must rest with American industry 
itself. What is the prevailing opinion here? Recently 
certain elements in our Federal Department of Justice 
became alarmed at the formation of ‘international 
cartels’ and ‘“‘patent pools,” the latter being formed 
among our own industries. In their attacks on these 
combines they directed the spotlight on our patent sys- 
tem as well, and raised the question whether it might 
not be time to introduce some sweeping changes, mostly 
in the nature of restrictions. Large manufacturers, 
small manufacturers, inventors, the bar—all woke up 
with a start and rushed to the defense of the present 
patent system. Many prominent industrial chemists 
spoke their minds strongly. 

To come to the meat of the matter, suppose you have 
an improvement upon which you want to take out a 
patent. Usually the chemist is surprised, not at how 
radical an improvement is needed but how small it may 
be. Few patents are issued for discoveries such as 
Hoffmann’s patent on the preparation of acetyl salicylic 
acid or Baekeland’s “‘bakelite’’ process. These patents 





1% Cok, “Statement before the Temporary National Economic 
Committee on January 16, 1934,’’ ibid., 21, 92 (1939). 
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founded large industries. But a change in a process 
that brings a much better yield than it has previously 
been possible to obtain is just as good a subject for pat- 
ent protection and is much more common. Besides, it 
is a part of our American way of living that a citizen has 
a right to protect his discoveries. He is giving the pub- 
lic something it did not possess before—not taking 
something away from his fellow-men. Once a patent is 
issued the information is no longer secret. Others can 
use his discovery to base further improvements. 

To make effective use of the patent system great 
care is needed. Carelessness in preparing and prose- 
cuting a patent application may result in the issuance of 
a patent that is absolutely worthless. If a problem is 
important enough to spend months and years solving, 
the protection of it with one or more patents is certainly 
equally important. 

The chemist will therefore do well to conduct all of 
his research with the idea in mind that he may some day 
wish to protect his results with patents. All notes 
should be carefully and completely kept from day to 
day in a bound notebook. Some inventors have their 
notebooks notarized at frequent intervals, sometimes 
daily. Drawings of apparatus or photographs should 
be included where needed. The most important date 
for an inventor to establish is that of his constructive 
or effective reduction to practice. Since it is a distin- 
guishing feature of our patent system that the first in- 
ventor and not merely the first to file in the Patent 
Office is awarded priority when two or more inventors 
are claiming the same thing, the date when the inven- 
tion was first put in workable form must be established 
beyond doubt. This is not merely the time when two 
substances reacted and a product having a certain ap- 
pearance was obtained. It is the date when that prod- 
uct passed a series of exhaustive tests proving that it 
had worth for some particular application. 

Suppose now the chemist is ready to file an applica- 
tion for a patent. What should he do? He may write 
to the Patent Office for information. The office will no 
doubt send him a small booklet containing general infor- 
mation of interest to inventors about to file applica- 
tions. This booklet outlines the general form which 
the application must take and what the general proce- 
dure is in filing and prosecuting a patent application. 
It will also contain the recommendation that since 
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Patent Office procedure is a complicated legal business, 
the applicant will do well to secure the services of 4 
reputable patent attorney. This is no idle suggestion. 
The preparation of such an exacting document as 4 
patent must be handled by following a rigid set of rules. 
These rules are contained in the booklet ‘Rules 0 
Practice of the U. S. Patent Office.” This bookiet is 
also available to the inventor at no charge but takes 
great deal of study to become familiar with. Patent 
Examiners spend considerable time during their first 
years in the office just going over the rules and seeking 
to interpret them with the aid of a Supervisory Exam 
iner. The value of a patent depends mostly on tht 
skill with which the claims are drawn. The averagt 
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inventor can almost never do himself justice without 
some skilled aid. 

The inventor-chemist probably then asks himself 
where he can find a reputable patent attorney. The 
office maintains a list of all those licensed to practice 
before it. All of these are assumed to be reputable, but 
of course their abilities differ widely. One word of 
caution is needed here. Those attorneys who adver- 
tise freely in the popular scientific magazines are not 
necessarily the best ones to consult. If the inventor 
has any friends in a large chemical corporation or 
among university professors he might best get a recom- 
mendation from them. The Patent Office does not 
make specific recommendations. 

The first step after securing the services of a good 
attorney is usually to have him make a preliminary 
search in Washington for possible patents already 
issued in the same field. The attorney should then ad- 
vise favorably or unfavorably on the advisability of 
preparing an application. 

The inventor may aid more in prosecuting his patent 
application if he understands what happens to it in the 
Patent Office. 

After going through the formalities of receiving a 
filing date, a file wrapper, and a preliminary inspection 
as to correctness of form, the application is assigned to 
one of the 64 examining divisions. If the invention is 
a synthetic resinous composition, it may-be assigned to 
Division 50, since that division handles Class 260, 
those subclasses dealing with the synthetic resinous 
compositions. Depending upon how the invention is 
being claimed, however, it might be assigned to one of 
several other divisions. No matter to what division 
the application is assigned, the procedure through 
which it then goes will be about the same. The clerk 
enters it on her books; the Chief Examiner looks it 
over and assigns it to an assistant examiner. The as- 
sistant examiner usually reads it over and assigns it 
to a certain subclass. It then goes on his docket to 
await its turn for consideration. 

When the application comes up for action the assist- 
ant examiner studies it over very carefully and first 
notes any informalities that must be corrected. He 
then makes an examination on the merits of the sup- 
posed invention. If he thinks that the claims have 
been drawn to two or more separate inventions which 
should not be issued as a single patent his first require- 
ment will be that the application be divided. If the 
inventor and the attorney agree with the examiner they 
must elect one invention to be further prosecuted in the 
present application. If they disagree they may re- 
quest a ruling by the Classification Examiner. What- 
ever the Classification Examiner decides must be com- 
plied with, although his decision may later be appealed 
to the Board of Appeals if desired. 

Supposing now that all formalities have been taken 
care of, the assistant examiner then makes his search 
through the ‘‘prior art.” In his own division are cases 
With small filing drawers, each containing patents of a 
certain subclass. He has available, not only all pat- 
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ents which have ever been issued in each subclass (since 
patents have been numbered and classified), but cross 
references gathered from all over the office which have 
been found related to his own field. He also has photo- 
stats of published articles and copies of foreign patents 
through which to search. In his own division are also 
copies of textbooks, monographs, handbooks, and 
other publications relating to the art examinable in his 
division. The examiner’s search is mainly in the prior- 
issued patents in his own division, and sometimes in 
several other related divisions. Any publication made 
public prior to the filing of the application, or any 
patent, application for which was made before the 
filing date of the present application, may be used as a 
“reference” to deny the patentability of the claims. 
Note that it is the claims which are examined to deter- 
mine novelty. They must be drawn so as to avoid 
what has been disclosed in all prior publications. 

The examiner can hardly be expected to make a 
search through the “prior art” which is 100 per cent 
perfect or complete. At most he has about one day to 
act on each new case and about half a day to act on 
each amended case. He works under a quota system. 
If he falls below his quota of actions week after week, 
he stands little chance of promotion. This is an evil of 
the examination system for which no remedy has yet 
been found. If the number of examiners were doubled 
or tripled more attention could be given each applica- 
tion. But that would also greatly increase the cost of 
examination. 

The assistant examiner writes his letter with the ap- 
proval and often very close supervision of the Chief 
Examiner, and it is sent to the attorney. The inventor 
and the attorney should then get together regarding the 
reply. A reply may be returned at any time within 
six months but if that period is exceeded the applica- 
tion will be held abandoned. 

Usually the examiner gives two or more actions and 
receives as many replies on each application. Then he 
may make a rejection final. Perhaps some claims. will 
be allowed. 

Usually the prosecution results in the cancellation of 
some claims, the addition of others, or the amending of 
some, for the sake of clarity or to avoid the prior- 
issued patents. 

After final rejection, if the inventor thinks that one or 
more of the rejected claims should have been allowed 
him, he may appeal to the Board of Appeals. He 
may then carry his appeal out of the office to the 
Court of Customs and Patent Appeals in the District 
of Columbia. An alternative to taking his case to the 
above court is to file suit against the Commissioner of 
Patents in the District Court and from that court ap- 
peal to the Court of Appeals of the District of Columbia. 

When the examiner has allowed an application he 
first makes a search for interfering applications (appli- 
cations claiming the same subject matter). If he finds 
none the completed application is sent to the Issue 
Division. At this time the inventor must pay his final 
fee of 30 dollars, after which he can obtain his patent. 
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The above is the bare outline of what happens to an 
application for a patent within the Patent Office. 
There is nothing to prevent a chemist’s making up his 
own application and prosecuting it without the aid of 
an attorney. Some chemists do so, but sooner or 
later the inexperienced applicant will usually regret his 
hastiness. 


PATENT OFFICE TODAY 


The chemist may feel better acquainted with his 
patent office if a brief word-picture is included of the 
office as it is today. In February, 1942, due to over- 
crowded conditions in Washington, part of the office 
moved to Richmond, Virginia. Moved to the southern 
city were all examining divisions including Trade 
Marks and Designs. The Classification Division, In- 
terference Examiners, and Law Examiners came along, 
as well as some of the necessary clerical units. In all, 
about 1000 employees made the move. Today there 
are about 400 examiners in the 64 examining divisions. 
Before the war there were more than 600 in 65 divisions. 
The Richmond branch is housed in a ‘“made-over’’ 
warehouse and factory of the Export Leaf Tobacco 
Company. 

Remaining behind in Washington are the division 
which receives applications, the Scientific Library, 
search room, Board of Appeals, and practically all the 
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tremendous accumulation of records, including the 
files of both patented and abandoned cases. 
To give an idea of the volume of business handled by 


the office, the following is taken from the “Patent 


Office Report for 1942;’’16 
Net receipts—$3,917,833.69. 


Applications for patents, including plants and designs—53,551% 


as against 65,356 in 1941. 
Applications for registration of Trade Marks—12,103 compared 
with 14,302 in 1941. 


Applications pending at the end of the fiscal year, June 30) 


1942—95,265. 

Cases disposed of during 1942—59,763. 

Cases awaiting action—46,240. 

The examining divisions had gotten their work up to within 
anywhere from three months to eight months of current. 


It may be noted that as this article is written the 
cases awaiting action have been reduced to between 
40,000 and 41,000. 

The total number of applications has dropped 
sharply since the start of the war because there are very 
few received from foreign countries. Also, of course, 
many of our own citizens who would normally be send- 
ing in applications are now in the armed forces. 

If conditions parallel those following the last World 


War, a flood of applications can be expected when hos-F 


tilities cease. Will yours be among them? 
16 “Patent office report for 1942,” ibid., 25, 227 ff. (1943). 


A COIN GAME BASED ON THE HEXOSES (Continued from page 74) 


If we concern ourselves with only the left half of each 
sugar structure and use a short dash to represent an H 
atom, and a long dash an OH group, then the eight hex- 
oses will have the shorthand structures given in Figure 2. 


Do 


Gu 


All Man Tro 


FIGURE 2 


Glu 


Now if the game is always played by following the 
order given in Figure 3 for picking up and laying down 
the coins, representing the occurrence of each coin in 
the upper row by a long dash and in the lower row by a 


Order for Picking Up Coins 
5 3 
6 4 


Order for Laying Down Coins 
2 3 
6 T 
FIGURE 3 


short dash, it will be found that Figure 2 gives also the 
exact combinations of positions for the eight coins after 
they are laid down the last time. 

Thus by remembering the configurations of the hex- 
oses and their final positions, which is greatly aided by 
the rhyme composed from the abbreviated names of the 
hexoses, given in Figure 2, as follows: 


Ga Gu Ta Do, 
Glu All Man Tro, 


it becomes very easy to pick out the right coin. 

The game may be played before the performer has 
memorized the hexoses, provided he has Figure 2 with 
him for reference. The audience will be much more 
mystified, however, if the performer has learned the 
configurations of the hexoses* and does not have to rely 
on any visible mechanical device. 

* Editor’s Note: It will be evident that another mnemonic basis 
for the game is the use of the corresponding letters in the Morse 
Code. Using dashes and dots to denote the first and second 
rows, instead of the occurrence of H and OH groups, the first 
row in Figure 2 becomes the sequence WUOK, and the second, 
RSGD. It goes without saying that knowledge of the Morse 
Code is more widespread than knowledge of the structures of 
the hexoses! 
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Some Observations 
on Undergraduate Research in Chemistry 


CHARLES B. HURD 
Union College, Schenectady, New York 


EVERAL years ago an occasion arose for making 

a study of the courses in chemistry offered to under- 
graduates by a number of colleges in this country. In 
particular, those courses or groups of courses offered 
to students specializing,in chemistry were of primary 
concern. Some of these programs had received the 
approval of the American Chemical Society Committee 
on the Professional Training of Chemists. The situa- 
tion in regard to an undergraduate course in chemical 
research was particularly interesting. 

Chemical research, as a definite undergraduate course 
is available to the students of some, but by no means, 
all, of the colleges in this country. In some colleges 
such a course is required in the specialized program 
™ leading to a bachelor’s degree in chemistry. In other 
“colleges the course is elective. Certain colleges add 
the restriction that the course may be elected only 
® by students who obtain special permission. Sometimes 
} students, by permission, may do work in chemical 
J research under competent direction of an interested 


faculty member, although this does not appear as a 
course in the catalog. Finally, there are colleges in 
) which no chemical research is done by undergraduates 


under any conditions. Such a lack of uniformity in 
the practice of a rather conservative group of educators 
is significant. 

There is general agreement on the necessity for in- 
cluding at least one course from each of the main 
branches of chemistry, namely, general, analytical, 
organic, and physical chemistry, in any specialized 
program of undergraduate training leading to a degree 
inchemistry. Actually, the program is usually built up 
around these four courses. The Committee on the 
Professional Training of Chemists has recognized the 
necessity for the inclusion of these four necessary and 
fundamental courses in its minimum requirements but 
has apparently recognized, also, the lack of agreement 
on the necessity for including a course in chemical 
research. 

Opinion of college teachers varies all the way from 
extreme enthusiasm for a course in chemical research 
to a belief that such a course should not be included 
in any undergraduate program. Apparently the en- 
thusiasts outnumber the critics. 

When one is planning a specialized program of college 
courses intended to prepare the student in the best 
possible way for the profession of chemistry and, in- 
cidentally, for success in life, he must carefully weigh 
each required course. Four-year college programs 
are not indefinitely elastic. Each required course, 


when it is about to be placed in the program, must be 
the most necessary and the most valuable course of all 
the possibilities. It is obvious that a course in chemical 
research has failed to qualify for such a place in some 
specialized college programs, even though it has been 
included in many. 

For the last 20 years I have taught continuously at 
Union College and, during all of this time, have been 
closely associated with the required course in chemical 
research, taken three afternoons per week through the 
senior year by all candidates for the degree of B.S. in 
Chemistry. In addition, my own college training, at 
the Worcester Polytechnic Institute, included a re- 
quired senior course in chemical research. The suc- 
ceeding five years were spent in teaching at the same 
institution. These years of association with senior 
courses in chemical research, particularly the 20 years 
of continuous association with the course at Union 
College, have convinced me of the value of such a 
course. As a student specializing in chemistry at 
Worcester Tech., I was assigned to work with a very 
fine chemist and teacher, Dr. Farrington Daniels. 
Looking back, I can realize that his imagination was 
limitless and that his optimistic spirit anticipated far 
more work than I, with my poor ability, could possibly 
do in the time available. This experience has made 
me very sympathetic to many a student when the 
going has been tough in his senior problem. Dr. 
Daniels showed me, however, by his own skill and his 
ability to drive himself, how much could be done by 
using brains and by hard work. 

My own undergraduate research taught me several 
things which I had never learned in my many other 
courses in college. So far as they can be separated 
and described, they were: 


1. How to search the literature for work which had been 
done on the various aspects of a certain problem. 

2. How to plan an attack upon a scientific problem. 

3. How to do experiments for which there were no cookbook 


rules. 

4. How to depend upon my own scientific knowledge. 

Of course, it is really not correct to say that I learned 
how to do these things. What I really succeeded in 
doing was to learn how to learn to do them. 

Only a few articles have appeared in the literature 
on the subject of undergraduate research in chemistry. 
Written by men enthusiastic about undergraduate 
participation in research, they have been favorable 
to the inclusion of such a course, or of extra-time re- 
search in the undergraduate program. The form that 
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this work shall take has varied considerably from 
library research only (1) and experimentation only 
(1), through “‘cooperative junior research’’ (2, 3), toa 
combination of literature search and planned experi- 
mentation similar to that carried out in the graduate 
school but on a less ambitious scale (1, 4,5). The idea 
that the student might serve merely as a handy man for 
a more experienced research man has been mentioned 
(5, 6), and criticized as a very poor substitute for actual 
personal research. An interesting article on research 
for secondary-school students (7) has also appeared 
recently. 

It is not my intention to extol the one type of research 
and to criticize the other, but all of my experience indi- 
cates that the best results in undergraduate research 
in chemistry have come by a combination of literature 
search and planned experimentation, under the direc- 
tion of a member of the faculty. The course includes 
the presentation of a satisfactory written thesis. 

Since 1921, when the first students graduated with a 
B.S. in Chemistry at Union College, over 150 have taken 
the required course in chemical research. All but 19, 
included in the first three classes, have come directly 
under my observation. In addition, five students 
specializing in chemistry but not taking the B.S. in 
Chemistry have been allowed to ciect the course, al- 
though it is not a regular elective. In 20 years, very 
few failures have occurred. Although other members 
of the staff now share in the supervision of this course, 
over 80 per cent of all the students have worked under 
the writer’s supervision and the others have been under 
observation. This now appears to have been quite a 
responsibility, but the situation has provided an ex- 
cellent chance to observe undergraduate research in 
operation at the same college for 20 years. 

The course was originally included in the curriculum 
because of the enthusiasm of Dr. Edward Ellery, for 
many years chairman of the Chemistry Department. 
All members of the staff of the Chemistry Department 
are enthusiastic about the course. The students, in 
very large majority, look forward with real desire to tak- 
ing the course, enjoy the ups and suffer with the downs 
while they are taking it, and report, when they have 
finished, that they are glad they had the course. We 
circularize our alumni every few years with a request 
for suggestions to improve the curriculum, and very 
few have ever suggested the elimination of the re- 
quired course in research. To those not familiar with 
our curriculum, it may help to state here that the 
B.S. in Chemistry represents the greatest degree of 
specialization in chemistry at Union College. The 
Major in Chemistry is less specialized and allows more 
free electives. The course in chemical research is not 
required of the second group, although a few have 
elected the course. Only two departments, chemistry 
and physics, include a required course in research. 

In evaluating any course, one must depend on opin- 
ion, since no quantitative measure is available. Cer- 
tain ideas are clear to me, however, after nearly 30 
years of experience. It seems likely that they will 
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apply quite as well in many other colleges. They are lat 
as follows: of 
1. The research problem should be under the sea 
direction of a member of the staff who is well informed ap] 
on the subject. The time available for senior research é 
is limited. The student cannot get any comprehensive cor 
idea of the whole field of knowledge associated with wit 
the research problem in the time which he may spend (5, 
upon the problem. That is the instructor’s task, to B vel 
know the whole subject thoroughly. He must be able is S 
at the start to outline the problem clearly to the student An 
and to help solve any real difficulties which halt the up: 
progress of the work. Otherwise, much time is lost — unf 
in fruitless fumbling around. of r 
This limitation sharply reduces the number of sub- pro 
jects in which research topics can be offered to under- a pl 
graduates. When one adds the condition that the quit 
majority of instructors who conduct undergraduate and 
research are spending most of their time in teaching or a gC 
other work, it becomes even more evident that the coul 
instructor must be well versed in the subject and should T 
limit the topics offered to his fields of specialization. — wor! 
It has even been suggested that the students should all — cult 
work on parts of the same problem. This would ap- f wit 
pear to be carrying the idea of limitation too far. man 
The instructor encounters a real problem at this — expe 
point. No one can know all there is to know about af} He1 
given subject, otherwise there would be no need for — and 
research. Research is a series of planned steps, each — upor 
one venturing out beyond the limits of present knowl- §  sorel 
edge. If the experimenter’s grasp of the field is broad, — cran 
he can make the majority of these steps produce some TI 
kind of results. In starting a new program, he should — year: 
be sure that he can plan these steps intelligently. This — subn 
he can scarcely do if he is not well informed on the sub- — They 
ject. topic 
2. The problem should be one capable of giving good — two 
results to a student of average ability in the time § first, 
available. This condition is almost as important as — confi 
the first one. We should remember that one purpose § there 
of student research is to teach technique, another, to by cc 
develop interest. Any good research problem will On 
offer plenty of difficulties which must be surmounted. — quent 
Difficulties should be encountered, but the student ing. 
who climbs wearily over one difficulty after another only § and |! 
to come to the end of the course with no results is almost § frequ 
certain to be discouraged with both research and § consu 
chemistry. It will be much better for the student to — acces: 
obtain some fine results upon a problem which is not § If the 
too difficult than to fail gloriously upon a problem § instry 
which would tax a Ph.D. the r 
Most students who obtain some results acquire 2 § not b 
feeling of owning the problem. Graduates of our course § autho 
who have had some years of experience after gradua- § This i 
tion and who come back to renew acquaintance, oftet § much 
speak of ‘‘my research problem.” Recently a graduate The 
came in who had just received his Ph.D. from a good withir 
university. He spent some time telling me of the work § compl 
which he had just completed and of the fine positiot § ment 
which he had accepted. As we went through the§ studer 
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laboratory, he suddenly walked over and stood in front 
of the apparatus on which he did his undergraduate re- 
search. His first remark was, ‘‘Who is working on my 
apparatus now?” 

3. No research problem for undergraduates should 
consist merely of hack work. Here I agree completely 
with others who have already expressed this idea 
(5,6). It is true that an instructor sometimes has de- 
veloped or has access to a new piece of apparatus which 
is so efficient that one merely has to grind out results. 
An undergraduate could do this very well and pile 
up results for the older man to use. Any senior who is 
unfortunate enough to be assigned to such a problem 
of routine operation loses one of the real opportunities 
provided by a good research problem, namely, planning 
a procedure and overcoming some difficulties. He ac- 
quires a totally incorrect idea of research in chemistry 
and, if he has the active imagination always present in 
a good research man, even a beginner, he becomes dis- 
couraged in his first experience. 

The instructor who wisely decides not to give hack 
work problems in undergraduate research faces a diffi- 
cult situation. He is almost certain to be occupied 
with time-consuming duties. If he is a good research 


man, he is anxious to secure results, and he knows by 
experience that grinding out data is uninteresting. 
He may also be in a college where his personal prestige 
and chances for advancement depend quite largely 
upon his productivity. The instructor, therefore, is 
sorely tempted to let a good, reliable student turn the 


crank for him. He must resist this temptation. 

The research course has operated here for over 20 
years, approximately as follows: A list of topics is 
submitted to the students at the beginning of the course. 
They read the list eagerly, look up references on favorite 
topics, talk with the instructors and, at the end of about 
two weeks, make a written choice of topics, giving 
first, second, and third choices. Where there is no 
conflict in first choice, the topic is assigned; where 
there is a conflict, the choice is determined either 
by conference or by lot. 

Once settled on his topic, the student confers fre- 
quently with the instructor and does his reference read- 
ing. The instructor outlines the problem carefully 
and helps the student to a start on his reference work, 
frequently checking his progress and noting references 
consulted. He does not, however, give the student 
access to the instructor’s own private reference files. 
If the student has missed a very critical reference, the 
instructor goes to the library with the student and runs 
the reference down, usually in Chemical Abstracts, 
not by looking for the reference directly under the 
author’s name but by running through the index again. 
This is a more laborious method but gives the student 
much better training. 

The student starts work as soon as possible, usually 
within the first month, before his literature search is 
complete. Here, of course, his first efforts in experi- 
ment need guidance. He feels much better, as many 
students have said, “‘to be doing something.’ Some- 
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times one will note a flagging in the student’s interest 
while he is looking up references which is replaced again 
by enthusiasm when he begins ‘‘to do something.”’ 

The best research students learn to make a literature 
search, to plan an attack on a research problem, and to 
do original experiments. Some, after several months, 
can work almost independently. Many of these go on 
to graduate school. The poorest students learn to do a 
fair job of searching the literature but only follow de- 
finite directions in their work. The average students 
do quite well on all three counts and in most cases have 
shown real pride in their work. They often follow 
future work in the field and many have sent back 
valuable suggestions sometime after graduation. 

At the end of the course, each student must present 
a carefully written thesis on his research. We require 
four copies, the original and three carbon copies. The 
student keeps a fifth copy, usually the first carbon. 
The original is bound for the chemistry library, one is 
bound for the main college library, and two are filed, 
one in our permanent locked file and one to be used 
in case a bound copy is worn out or disappears. After 
some bad experiences with paper of the students’ 
choice, we have purchased a stock of high quality 
paper which students must purchase from the stock- 
room. 

In preparing the thesis, the student is urged to follow 
the form used in scientific journals. He first presents 
a rough draft to the instructor, who goes over it with 
him carefully. Few college students know how to 
write good, easy, grammatical English. The pro- 
fessor of chemistry may feel somewhat impatient at 
having to show a student how to keep his sentences 
clear and his tenses uniform, but he should either do 
this himself or call in the Department of English. The 
importance of knowing how to write clear, acceptable 
reports has been stressed lately by many companies. 

Curves should be drawn and lettered neatly. Our 
students draw one very good set of graphs on thin co- 
ordinate paper and have these reproduced by a process 
similar to blueprinting, but reversed. Our Engineering 
Department has sucha machine. The cost is moderate. 

Responsibility for publication rests with the in- 
structor. Joint papers carry the name of the in- 
structor, who has written the paper, together with that 
of the student. The student coauthor may have as 
many reprints as he wishes, at the department’s ex- 
pense. . 

Since 1923, 130 students have taken the research 
course. Of these, 24 have appeared as coauthors. A 
total of 23 papers, based on the work of seniors, has 
appeared in six scientific journals. 

The spirit of research is strong in Schenectady, due 
chiefly to the presence of the General Electric Com- 
pany’s Research Laboratory. The students have come 
into contact with some of the workers at the Research 
Laboratory in various ways. Also, we have the present 
custom of the college of appointing an honorary fellow 
in science each year. These men spend several days 
on the campus, giving lectures and talking with the 
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students. The presence in the city of so many scientifi- 
cally trained men adds to the interest shown by the 
students in scientific investigation. Few students 
have actively disliked the research course; some have 
voluntarily spent almost all of their free time in the 
laboratory, putting in perhaps three times as much time 
as required. 

Before embarking upon a program of undergraduate 
research in chemistry, one should consider very care- 
fully several matters which concern the students, the 
faculty, and the college. 

First, it is essential to decide how many and what 
type of students shall take this course. Will the 
course be compulsory for a certain group, as it is here 
at Union College, or will it be elective? How much 
time can the students spend per week? Research is 
time consuming and, from our experience, three after- 
noons per week for a year is certainly not too much 
time. Is there a good spirit among the students? 
Do they show interest in research by members of the 
faculty? These and other questions must be answered 
in each college situation. 

Direction of undergraduate research is by no means 
easy work. The instructor must be willing to spend 
time, large amounts of it, and at very inconvenient 
moments. Professor Smith’s statement (5) that time 
must be given “‘unstintingly” is moderate. The in- 
structor’s own reference file covering these undergradu- 
ate problems should be essentially complete. This 
requires facility with scientific literature and an or- 
derly habit of filing data. The instructor must not 
only be well informed in his field but he must, himself, 
be skilful in experimental work. He should be able to 
do any of the necessary operations himself, or be able to 
learn quickly how to do them. He must be patient 
with a student, although this is a necessary qualifica- 
tion for any teacher. 

Here at Union College although one instructor has 
carried the major part of the work in the senior research 
course in chemistry, we have encouraged other mem- 
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bers of the staff to participate by taking one, or per- 
haps two, students. Most of these staff members have 
been young men just out of graduate school. No one 


could criticize their enthusiasm but, in their lack of 
experience, they showed certain characteristic faults. 
Problems offered were apt to be too difficult and were 
on subjects upon which the instructors were not 
thoroughly informed. They also lacked patience or 
Insight into 


insight into the students’ difficulties. 
students’ minds comes with experience. 

Research by undergraduates is best carried out in a 
laboratory which is not used for other work. By having 
the room used only for research, it is possible to keep 
apparatus setups from being disturbed. The college 
should have equipment enough so that a research 
student can keep his own apparatus for use. The more 
simple the equipment, the better. Whether or not 
special equipment should be purchased for under- 
graduate research must be determined by local condi- 
tions. 

Our experience, at Union College, with our required 
senior course in chemical research has been favorable. 
We are convinced that the course accomplishes results 
which we could not get in any other way. While we 
cannot recommend that such a course be established 
in every college, we do believe that any college offering 
a specialized curriculum in chemistry should carefully 
examine the possibilities of a course in undergraduate 
research. 
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Examination Practice 


in General College Chemistry 
Quality of Questions 
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OME time ago an attempt was made to character- 
ize college chemistry examinations by an analysis 
of the questions which teachers were actually using.! 
That analysis included types of objectives probed by the 
questions, the degree of emphasis of each objective, a 
comparison of the stress of the same objectives in five 
widely used textbooks in general chemistry, and a sur- 
vey of the types of questions used. 

It is not possible to know the quality of examinations 
by such an inventory described above. Examination 
questions, like personal excellences, reveal their quali- 
ties by their outcomes—‘‘by their fruits you shall know 
» them.’’ One should look for evidence of a question’s 
) successful performance in responses which are made to 
) it by the students who try to answer it. ~ 

In response to a request, published? in 1940, a number 
of institutions’ volunteered cooperation in an effort to 
) get at the quality of examination questions by the anal- 
ysis of students’ answers to the questions used in ex- 
aminations. 

Dr. John C. Flanagan has described desirable test 
items by saying, “There are two very important con- 
siderations in any selection of test items. The first is 
item validity, or discriminating power, and the second 
| is item difficulty.”"* Through an analysis of the answer 
sheets made available by the institutions just mentioned, 
the answers were studied for these considerations. 

The procedure used in determining the validity of a 
given question was as follows: All papers of the given 
examination were piled in an order determined by the 
total grade upon the paper. From this pile the upper 
27 per cent of the papers were removed and the median 
grade® for answers for each question for that upper sec- 
tion was found. In a similar manner the papers for 
the lower 27 per cent of the grades were removed and the 
median for the grades on answers for each question of 
that group found. In the tabulation of these findings 

' HENDRICKS AND HANDoRF, ‘“‘Examination practice in general 
college chemistry,” J. CHEM. Epuc., 15, 178 (1938). 


* HENDRICKS AND SMITH, “‘Better new examinations from old,” 
J. CHem, Epuc., 17, 583 (1940). 

*Coe College (Iowa); Marshall College (West Virginia); 
Middlebury College (Vermont); Montana State College; North 
Texas A. and M. College; Omaha University (Nebraska); 
Rutgers College (New Jersey); and William and Mary (Virginia). 
_ ‘ FianaGan, “General considerations in the selection of test 
items,” J. Educ. Psychology, 29, 674 (1939). 

> HENDRICKS AND HaNporF, ‘‘New examinations from old,” 
J. Cuem. Epuc., 16, 332 (1939). 
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all scores are on a ten-point scale. If the median score 
on answers for a question for the lower 27 per cent dif- 
fers from that on the same question for the upper 27 
per cent by as little as one point or less that question’s 
validity is listed as ‘“‘low.’”’ If the median for the an- 
swers for the lower was found to be higher than those 
of the upper the question is classified as an ‘‘inversion.”’ 
A question is cataloged as ‘‘good”’ if its median for diffi- 
culty for the whole set of papers was found to be five and 
the median score of the upper 27 per cent was two or 
more points higher than that for the lower 27 per cent. 
All questions whose median for difficulty was found to 
be very near ten are listed as ‘‘too easy.” 

By the sort of analysis just described, answer papers 
for 1300 or more students from the institutions just 
named were studied and the validity and difficulty of 
each question of the examinations were determined. 
The number of papers for any one examination varied 
from 34 in the smallest class to 315 in the largest. In 
all, a total of 108 questions passed through the proce- 
dure and are characterzed in the table below. 


TABLE 1 
QUALITY OF GENERAL COLLEGE CHEMISTRY EXAMINATIONS 


Per Cent of 
Total Questions 


23 
13 

rs 

1 
44 
16 
40 


Kinds of Questions 

Too easy 
Low validity 
No validity, i. e., no differentiation 
Inversions 

Total faulty questions 

Usable but not ‘‘good”’ 

“‘Good”’ 


Thus, in terms of the criteria used, 44 per cent of the 
questions used were either faulty or at most did not 
contribute greatly in giving the information which the 
examiner was presumably seeking. 

Faulty questions may be made more efficient by re- 
vision. Evidence has shown that attention to the qual- 
ity of questions does improve them. The following re- 
port from an attempt to ‘‘do something about it”’ by one 
division of general college chemistry is offered. Prior 
to 1939 those in charge of the course paid no particular 
attention to the quality of questions judged as in Table 
1. Analysis of answer sheets from the students for that 
period prior to 1939 gave the results listed in column I 
of Table 2. Since 1939 a more careful editing of ex- 





86 


amination items used has brought about a quality 
change indicated in column IT. 


TABLE 2 
EFFECT OF REVISION ON THE QUALITY OF EXAMINATION QUESTIONS 


Per Cent of 
Total Questions 


II 


Kinds of Questions 


Too easy y 17 
Low validity 2 
Total faulty questions 19 
Items usable but not “‘good”’ 9 
“Good” 72 


Methods for achieving such revision have been sug- 
gested in a paper® previously cited. More particular 
attention to improved essay examinations for chemistry 
has been presented in another paper. Dr. Foster’s 
description’ of the construction of the Cooperative 
Chemistry Tests illustrates the thoroughness with which 
such an instrument has the nondiscrimmatory items 
edited out of it. That paper also gives suggestions for 
making cooperation effective between many individuals 
in test construction. In it the idea of an ‘‘Experimental 
Issue’”’ for use in a local institution as a means of im- 
proving the validity or controlling the degree of diffi- 
culty of a proposed examination is implicit. 

Attention should be called to some limitations to the 
two qualities which have been used to locate the 
“‘good’’ questions in this analysis. To some overen- 
thusiastic teacher a desirable index of validity may be, 
mistakenly, assumed to be a ticket to test-item per- 
fection. It should be remembered that the dependa- 
bility of a validity index is no more than that of the 
basis used in grouping the students for its determina- 
tion. 

In computing validity by the procedure previously 
described? the assumption was made that the grouping 
of students by means of scores on the whole test is a 
valid method for grouping students into best and poor- 
est for that part of chemistry which any individual item 
is seeking to test. A little thought raises doubts con- 
cerning this assumption. Most chemistry examina- 
tions are composites of many items requiring equations, 
arithmetic problems, and descriptive paragraphs. 
Any experienced teacher knows that a grouping of stu- 
dents into best and poorest in terms of their success in 
the arithmetic of chemistry would not be duplicated if 
the basis of grouping were the descriptive sections of the 
examination. The careful teacher will have this ele- 
ment of the validity’s uncertainty in mind as he uses it 
in passing judgment upon the quality of test items. He 


6 FRUTCHEY AND HENDRICKS, ‘‘The essay examination in 
chemistry,” J. CHEM. Epuc., 16, 491 (1939). 

7 Foster, “The 1939-40 college testing program,’’ J. CHEM. 
Epuc., 18, 159 (1941). 
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will know that the validity will be much more significant 
if the basis or norm for student grouping has all of its 
elements of high comparability with the elements in the 
item under analysis. 

Many teachers are in disagreement with the usual 
practice, in test construction, of discarding items for 
which all students make correct responses. Some be- 
come emotionally eruptive when told that ‘‘an item is 
more likely to have high discriminative power if it has 


an average or median score of five on a ten-point scale.” j 


Their answer to that statement is, ‘“‘We do not care 
about the discriminative power of some of our items, 
We want to know whether the students do or do not 
know the answer.’ In other words, these teachers set 
for their students an ideal of mastery in certain phases 
of their course and are not satisfied by less than perfect 
responses for items having to do with those topics. 

It is not presumed, in this presentation, that data 
from eight or nine institutions represent an adequate 
sampling from which valid conclusions concerning ex- 
amination practices for colleges and _ universities 
throughout our nation may be made. However, just 
as it is possible to estimate the approximate direction of 
the wind from a few simple tests, so this, even though 
inadequate, sampling may point to useful inferences 
concerning examinations. Meanings so inferred, how- 
ever, should be interpreted with the knowledge that 
those who participated in this project are probably 
more sensitive to examination needs than the many 
others who were too busy with other matters to give much 
attention to improved examinations. On the other 
hand, may it not be assumed that the quality of these 
examinations which were analyzed is above that of the 
larger number which were not in the study? If so, 
then there is still much to be done if college chemistry 
examinations are to have a large per cent of their ques- 
tions eligible for the label ‘‘good.”’ 

There are, to be sure, other characteristics of ex- 
amination questions such as objectivity, practicality, 
and reliability. These, however, are more intimately 
connected with the form or administration of the test 
than with the inherent qualities of the individual 
items. 

For definite help in revising or editing individual 
items of a test the most helpful single quality of the 
item is its validity, which in turn is dependent on item 
difficulty. Limited evidence available points to a 
need for more attention to this quality of chemistry 
examination items now in use. There is reason to 
think that individual teachers may find rather gratify- 
ing results coming from their conscious attention to 
these two qualitites of their test items. They may at 
least find and discard those space- and time-consuming 
items which contribute nothing to the test’s objectives. 


The oil of the alligator has been found to be of unusual value as a lubricant in pre- 


cision machinery. 
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The Stochastic Method 


CIENTISTS frequently pride themselves on how 
logical they are, how they never accept anything 
until it is proved. The facts are, however, that little 
is or perhaps ever can be proved. Newton did not 
prove his law of gravitation; he suggested an inverse 
square law of attraction and tried it out on observations 
of the moon’s orbit. It did not fit. Years later the 
distance of the moon was recalculated and Newton 
realized his theory did not account for the facts. In 
this century Einstein developed a more general gravita- 
tional theory which was found to account more accu- 
rately than the simpler Newtonian expression for the 
motion of the planet Mercury. Newton, having a real 
understanding of scientific methods, would have ac- 
cepted relativity before most scientists, who had dif- 
ficulty incorporating the new theory into their ‘“‘common 
sense” experiences. 

Dalton’s law of the constancy of combining propor- 
tions is taught in all our schools as having been proved; 
and further that it proves the atomic theory. Actually, 
first it is not true in a great many cases of even the 
simplest minerals (for example, iron oxide), and, second, 
it does not really prove anything even if true. Dalton’s 
law accounted for the facts as then known; the present 
atomic theory gives a reason for Dalton’s, and several 
other, laws. Psychologically, these “‘laws’’ were de- 
rived by first conceiving them, and then seeing if they 
fitted the facts. This is the stochastic method, used 
almost universally in modern science. For instance, to 
find out the structure of a complicated crystal from x- 
ray or electron-diffraction patterns one first assumes a 
structure, then computes the x-ray or electron-diffrac- 
tion picture one would get from the assumed structure 
and then compares this pattern with the observed. If 
it is substantially identical, the structure is “proved.” 
In many cases, it is very improbable that any other 
radically different structure would fit the facts any 
better, but nevertheless the structure has only been de- 
tived by the stochastic method, and the possibility re- 
mains that another structure might fit the facts. 

Few scientists would admit that this method also lies 
at the foundations of the natural sciences, and it has 
become a term of disparagement to call a man an Aris- 
totelian, 2. e., one who conceives a theory and expects 
the facts to be in agreement with it. Aristotle used the 
stochastic method in describing natural phenomena 
quite successfully, except for the one infamous over- 
sight of not testing his ideas of gravitation by experi- 
ment as was finally done by Galileo at Pisa. 

The conception, however, cannot always be tested 
adequately by experiment. The Copernican theory 
that the planets revolve around the sun is not proved by 


measurements of their motion; one can still account for 
planetary motion by Hippocrates’ epicycles. But, of 
course, the Copernican theory, its virility proved by the 
celebration of its 400th anniversary this year, gives a 
neater explanation having esthetic appeal. There are 
some fields, such as the motion of electrons around the 
nuclei of atoms, where the Copernican motion is not as 
neat a solution, and present theories are only accepted 
as tentative explanations. Copernicus showed that the 
earth is not necessarily the center of the universe; 
Poincaré and Einstein showed that scientists in differ- 
ent situations may not get the same value for a meas- 
urement; Heisenberg showed that one cannot possibly 
measure all small things both simultaneously and ac- 
curately: so now physicists have become cautious and 
realize that theories and laws are not necessarily the 
final word. Nevertheless, there exists a solid body of 
pragmatic physicists, strongest in the New World, who 
have explicit faith in experimental measurements even 
of astronomical or of subatomic phenomena. 

In England Sir Arthur Eddington has been trying to 
derive a theory according to which even the most funda- 
mental constants of nature, such as the mass of the elec- 
tron, the gravitational constant, etc., may be calculated, 
crudely speaking, by our methods of measuring. The 
most famous of his efforts was the deduction that 
Planck’s constant times the velocity of light divided by 
the square of the electronic charge was equal to the 
integer 137, rather than to some purely fortuitous 
“natural constant.” This was ridiculed by some as 
being Aristotelian, but as measurements have been re- 
fined more and more during the last decade, the ob- 
served value has crept downward from 137.3 (July, 
1929), 137.2 (1937), 137.1 (1939), and most recently to 
137.03 (August, 1941). 

The objection to Aristotelianism seems to be a psy- 
chological one; that theories should be based on experi- 
ment alone, and not that experiment should be used 
only to test and guide theories. Yet it is the latter, 
stochastic, method that is increasingly in wider use 
today. In thermodynamics, theory is supplying data 
more reliably than experiments can, and if Eddington’s 
method develops successfully, there may be nothing in 
the universe that has to be measured except in con- 
firmation. Of course an accumulation of a great amount 
of experiment and familiarity with a wide range of ex- 
perimental material are necessary for a mental back- 
ground before one can use this method to launch a 
project which will be accepted in the scientific world 
without accusations of megalomania. 


—Industrial Bulletin of Arthur D. Little, Inc. 


In the quest for new sources of commercial alcohol, the Germans are experimenting 
with units designed to recover bread-baking vapors. 
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Nylon 


MORTON SHOR 
The College of the City of New York, New York City* 


HISTORY 


T WAS not until the 17th century that the al- 
I chemists stopped trying to make gold from the 
baser metals and turned their efforts to the more 
scientific domain which we now call chemistry. They 
did not, however, cease in their efforts to bring forth 
great riches from their laboratories. They merely re- 
focused their interests and turned their energies to 
another symbol of wealth. For centuries silk had been 
a mark of wealth and prestige, and now scientists were 
trying to devise methods whereby they could synthesize 
this substance. 

Robert Hooke, in 1664, and R. A. F. Réaumur, in 
1734, suggested methods and materials for the spinning 
of artificial silk (1). It was not until the 1840’s, how- 
ever, when a Manchester silk manufacturer named 
Schwabe designed the forerunner of our modern rayon 
spinneret, that any artificial fibers were actually 
produced. Schwabe spun fibers from the natural 
gums and resins, but these fibers were weak and not 
nearly so attractive as the threads produced by Mer- 
cer. Mercer had introduced his process for the 
‘‘mercerization”’ of cotton in 1844, and it took hold 
almost immediately, being used down to this very day 
(2). 

What was probably the first rayon ever produced was 
a thin strand of nitrocellulose exhibited at the Paris 
Exposition of 1889. The Count Hilaire de Chardonnet 
had been an assistant of Louis Pasteur during the 
latter’s experiments on diseases of the silkworm, and 
he had become interested in the spinning of silk. De- 
spite their fragility and generally poor physical proper- 
ties, these new threads, which de Chardonnet made 
by extruding nitrocellulose through a fine orifice, 
created a furor in the textile world (1). 

The rayons eventually became the “artificial silk’ 
of commerce. They offered no serious threat to the 
silk market, however, since the only point of semblance 
between the two fibers was that of appearance, and 
even here there were serious objections. The early 
rayons were weak and flammable, and lacked water 
resistance. They had a cheap, gaudy luster and feel, 
and the acetate rayons were soluble in many dry- 
cleaning fluids. Recent improvements such as the 
use of staple-length rayon to decrease the sheen, con- 
trol of the degree of acetylation to improve the strength 
and flexibility and control the sheen of acetate rayons, 
chemical treatment to decrease the inflammability, 
have minimized some difficulties and obviated others. 


* Present address: Central Laboratories, General Foods 


Corporation, Hoboken, New Jersey. 


Rayon, despite all of these improvements, however, 
is still far from being the ideal fiber. 

In 1927, Dr. Wallace Hume Carothers, working in 
the du Pont research laboratories, became interested 
in the synthetic fiber problem. During the course 
of his investigations he synthesized various ethers and 
esters of cellulose but found that these offered no ad- 
vantage over the existing rayons. He then discarded 
cellulose as a starting material and began work on a 
program which finally brought forth the fiber we now 
know as nylon. This program can be divided into 
three stages: 


Fundamental research period. 

Period of concentration on polyamides, leading to the syn- 
thesis of the polymer with the required properties. 

Period of development of the practical manufacturing 
process. 


In this first period of research, Carothers con- 
ducted investigations in the field of polycondensation. 
By 1928 he had produced polyesters with average 
molecular weights in the neighborhood of 5000 by 
combining dihydric alcohols with dibasic acids. By 
placing a sample of the polyester in the molecular 
still (a device for the distillation of substances with 
extremely low vapor pressures) it was found that the 
removal of water was accompanied by an increase in 
molecular weight of the substance to values between 
10,000 and 25,000 (2). In addition to this remarkable 
change in the molecular weight of the substance there 
were equally remarkable changes in its physical prop- 
erties. It changed from a semiopaque, waxy, brittle 
solid to one which was tough, elastic, and rather trans- 
parent. Fibers drawn from this “super polyester” 
were far superior to those spun from the polyester. 
They were more flexible and had a higher tensile 
strength and a higher degree of elastic recovery. But 
the main advantage of the fibers drawn from the super 
polyester lay in the fact that they could be ‘‘cold 
drawn.’’ When a fiber is cold drawn it is stretched 
longitudinally. This stretching orients the molecules 
into approximate parallelism with the axis of the fiber. 
The orientation of the molecules in this manner re- 
sults in an improvement of the physical properties of 
the fiber (15). 

The fibers spun from these super polyesters had 
excellent physical properties but unfortunately had 
too low a softening point to be of practical use. In 
an attempt to obviate this difficulty, Carothers made 
the super polyamide of e-amino caproic acid. This 
substance also had the required physical properties 
but lay at the other extreme with regard to its soften- 
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ing point and solubility. It had an extremely high 
softening point and was insoluble in practically all 
organic solvents, phenols and formamide being notable 
exceptions. All of his attempts to find a middle ground 
between these two sets of compounds, to produce a 
readily spinnable, practical fiber, met with failure, 
and in 1930, he actually gave up the synthetic fiber 
project. 

Evidently Carothers did not believe that his search 
was completely hopeless, for several months later he 
resumed work. Working with 9-amino nonanoic 
acid, he obtained super polymers with properties very 
close to those he was seeking. With this degree of 
success he decided to limit his research to super poly- 
amides, since only these compounds seemed to have 
softening points high enough for practical use. 

He subsequently prepared super polyamides from 
various amino acids and diamines and dibasic acids, 
always aiming for improvement over the polymeric 
product obtained from 9-amino nonanoic acid. On 
February 28, 1935, a now historic date, he produced 
the super polyamide of hexamethylene diamine and 
adipic acid. This compound, referred to as ‘‘66” 
(the first numeral refers to the number of carbon 
atoms in the diamine and the second to those in the 
acid) could be spun into fibers that, upon cold draw- 
ing, were superior to any fiber then known, in tensile 
strength, elasticity, flexibility, and in many other ways. 
This was nylon. 

The first two phases of the work were completed. 
The problems of the third phase, that of the com- 
mercial production of nylon, now presented them- 
selves. Hexamethylene diamine and adipic acid were 
mere laboratory curiosities, and there was no factory 
anywhere in the world equipped to turn out these 
compounds in the tremendous quantities needed for 
the commercial production of nylon. By 1936, 
however, Roger Williams, of the Ammonia Department 
of the du Pont organization, had developed a process 
for the production of adipic acid from phenol. The 
diamine was then produced using the acid as a starting 
point. 

In taking the process out of the laboratory and 
bringing it through the semiworks stage into the 
factory, enormous difficulties were met and overcome. 
By the middle of 1938 a pilot plant was in full opera- 
tion, making brush bristles and*textile yarns of this 
magic new material. Unfortunately Carothers was 
not present to see the commercial success of his in- 
vention. He died on April 29, 1937, a few short weeks 
after the last of his patents was applied for (9). 


PRODUCTION 


The following definitions are quoted directly from 
the patent papers of Dr. Carothers. These papers are 
written in so clear and lucid a manner that the author 
could never hope to improve upon the language used 
therein. 


1. “A condensation is any reaction that occurs with the for- 














Molecular Orientation in 


A- Undrawn Nylon 
B-Cold Drawn Nylon 




















Nylon Being Cold Drawn 








Drawn Nylon 


mation of new bonds between atoms not already joined, that 
proceeds with the elimination of elements (He, Ne, etc.) or simple 
molecules (H,0, CH;CH:OH, HCI, etc.). For example, esteri- 
fication, amide formation, ether formation, and anhydride for- 
mation” (15). 

2. “Condensation polymers are compounds formed by the 
mutual condensation of a number of (functionally) similar mole- 
cules to form a single molecule”’ (15). 

3. “Linear polymers are compounds whose molecules are 
long chains built up from repeating units. This type of struc- 
ture may be symbolized by the following general formula: 

—A—A—A—A—A—A—A—A—A—A—A—A— ° 
The unit, or radical, —A—, I called the structural unit of the 
polymer”’ (15). 


The chemistry of synthetic fibers is the chemistry 
of high-polymer materials; and with a knowledge of 
high-polymer chemistry Carothers was able to ‘‘de- 
sign” the exact type of molecule for which he was 
searching. In order to be spinnable into a tough, 
flexible, elastic, lustrous fiber, the molecules would 
have to meet the following specifications: 


1. The molecules must be enormously large. Molecular 
weights of the order of tens of thousands, and lengths of about 
1000 A.U. are required. Long molecules are necessary for the 
spinning of a strong fiber just as long sections of staple-length 
cotton are necessary for the spinning of strong cotton thread. 

2. These long molecules must have a high degree of linear 
symmetry. This is necessary in order to permit the orientation 
of the molecules into approximate parallelism. 

3. The structural unit must have a high degree of polarity. 
This makes for strong secondary intermolecular forces which 
strengthen the fiber and maintain the induced orientation. 

4. The molecules should be highly oriented. This orientation 
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gives a stronger, more flexible, more transparent, more lustrous 
fiber than is obtainable from the same material unoriented. 


To fulfill the first requirement Carothers resorted 
to the condensation reaction. By the reaction of 
ethylene glycol and succinic acid he produced poly- 
esters with molecular weights in the neighborhood of 
3000. By use of the molecular still to eliminate the 
water of esterification the molecular weight could be 
brought up to 10,000, and often as high as 25,000 (15). 

If the reacting mass could have its molecular weight 
run up to 25,000, then why not 50,000 or 100,000? 
Or why did not the entire mass become one gigantic 
molecule? Carothers recognized this formal possi- 
bility and made a study of the factors involved in 
polymerization. He found that there are three factors 
which may stop the process: 


1. The reaction may become intramolecular at some stage, 
with consequent ring formation. Polymerization usually ceases 
when five-membered rings form; sometimes ceases when six- 
membered rings form; and rarely ceases with the formation of 
three- and seven-membered rings (15). 

2. The terminal functional groups responsible for the con- 
densation may become “‘lost or mutilated” through side reactions. 

3. Mechanical effects such as viscosity and solubility and 


other kinematic effects may come into play. 


By use of the molecular still Carothers had made 
molecules of the required size. By the use of alpha- 
omega straight chain dihydric alcohols, and dicar- 
boxylic acids, the requirement of linear symmetry was 
satisfied. The use of the hydroxyl group and the 
amino group in conjunction with the carboxylic group 
introduced the required degree of polarity into the 
chain. There yet remained, however, the require- 
ment of molecular orientation to be satisfied. The 
need for orientation can be seen from an analogy to a 
system of short wirelike magnets. If these magnets 
are randomly placed in a mass there will be little 
strength to the system. If, however, they are all 
lined up parallel the system will have much greater 


strength. 
The method of producing this required orientation 


is given by Carothers in one of his patents. In his 
own words: 


“‘An especially valuable and remarkable property of the syn- 
thetic compounds of the present invention resides in their ca- 
pacity to be drawn into strong, flexible fibers, which are in some 
respects, especially in their elastic properties and high ratio of wet 
strength to dry strength, superior to any artificial fibers that have 
been prepared hitherto. This capacity appears to depend upon 
the extraordinary facility with which the polymers of this inven- 
tion accept a very high degree of permanent orientation under the 
action of mechanical stress. . . . Except in those instances 
where the melting point of the polymer is so high that melting is 
accompanied by decomposition, threads of the polymer are readily 
obtained by touching the molten specimen with a rod and draw- 
ing the rod away. When this drawing is done very slowly, the 
threads closely resemble the mass from which they were drawn; 
that is, they are opaque and show the same melting point as 
before. Very fine threads prepared in this way are frequently 
lacking in pliability and are somewhat fragile. However, if 
such threads are subjected to stretching at ordinary or slightly 
elevated temperatures, they are profoundly changed in their 
physical properties. The stretching results in a permanent 
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elongation; the original thread first separates into two sections 



















































joined by a thinner, transparent section, and as the stretching on 
continues, the transparent section grows until the opaque sec- pt 
tions are completely exhausted. The fiber produced in this way au 
is very much stronger than the thread from which it was drawn. 
It is also more pliable and elastic. Its melting point is changed 
and its transparency and luster increased. It exhibits a high de- ch 
gree of birefringence and parallel extinction between crossed un 
Nicol’s prisms, and furnishes a typical oriented fiber diagram TI 
when examined by x-ray methods in the usual way. This method pu 
of imparting new properties to the fibers is referred to as ‘cold : 
drawing’ ’’ (15). si 
gel 

After investigating scores of super polymers Caro- of 
thers found that he could draw the following generaliza- str 
tions: The higher the molecular weight and length, fila 
the degree of linear symmetry, the polarity of the unit, the 
and the degree of molecular orientation, the higher will fibe 
be the melting point, the insolubility, the tensile ont 
strength, the flexibility, transparency, elasticity, and the 
luster of the resultant fiber. The variation of melt- I 
ing point, tensile strength, and spinnability with the 
molecular weight and length are shown in Table 1. pre 

TABLE 1* = 
the 
Average 
Average Length, Tensile T 
Mol. Wt. A.U. M. p., °C. Spinnability Strength this 
780 60 66 to67 Absent mot 
3,190 188 74to75 Absent ‘ 
5,670 440 73 to75 — Short fibers, not neg 
drawable mol! 
7,330 570 74 to 75 Long fibers, not Weak 
drawable com 
9,330 730 75 to 76 Long fibers, Weak had 
drawable 

16,900 1320 77to78  Spinnable, draw- 18,600 p. s. i. men 

able cold 

* Table 1 furnished through the courtesy of Mr. A. X. Schmidt, Depart- lengi 
ment of Chemical Engineering, The College of The City of New York. 

By application of these fundamental generalizations ; 
Carothers found that he could make fibers with the T h 
required properties in either of two ways: by the 66, t 
condensation of amino acids of the formula R—NH— § 2“!4 
R’—COOH, where R’ is a straight chain of at least — —(CH 
five carbon atoms (17); or by the reaction of dibasic 
acids and diamines (18). Nylon is the name given to 
the class of super polyamides produced in these two 
ways, and is a generic term, much as the terms wood Materi 
and glass. Steel 

The actual commercial production of nylon, briefly, —- 
is carried out as follows: ¢ es 

Hexamethylene diamine, 144 parts, and adipic silk 
acid, 174 parts, are combined in a solvent made up of Nylon 
1300 parts of 95 per cent alcohol and 210 parts of * Tab) 
water. The mixture is warmed to promote the forma- — ""' 
tion of the salt, and then cooled to precipitate it (19). 

The salt is then delivered to the top of a tower down 

which it flows, emerging as the finished nylon at the Bier 
bottom. The salt is first autoclaved to complete the | 
polymerization, and a constant stream of nitrogen BF Acetate 
is bubbled through the mass. This removes the water — 
of condensation, accomplishing what the molecular : 
still did in the laboratory. This, and many other My pee 
operations, including the actual spinning, are carried J °"e sram 
out under a blanket of nitrogen to prevent atmospheric Tabl 








‘ION 


tions 
ching 
> sec- 
; Way 
rawn. 
inged 
h de- 
ossed 
gram 
2thod 

‘cold 


‘aro- 
liza- 
igth, 
init, 

will 
nsile 

and 
nelt- 
with 
el. 


Fesruary, 1944 


oxidation and the consequent discoloration of the 
product. The molten polymerized mass from the 
autoclave is extruded in the form of a ribbon onto a 
rotating drum, where it is cut into chips. These 
chips are then charged into the hopper of the spinning 
unit, onto a heating grid, where the polymer melts. 
The melt is pumped and metered by specially designed 
pumps, and filtered through filter packs, before enter- 
ing the spinneret. Here, it is extruded under a nitro- 
gen pressure of 8 to 10 p. s. i. gage, at a temperature 
of 210°C. Upon leaving the spinneret, the polymer 
strikes the cold air and solidifies. The solid nylon 
filaments are taken up onto a rotating drum and are 
then ready for the final step in the process. The 
fiber is cold drawn by feeding it off the takeup drum 
onto a drum rotating at a higher speed. This stretches 
the threads to 400 per cent of their original length (2). 

For use in hosiery, or other textile manufacture, 
the nylon fibers must be treated with a sizing to 
prevent snagging during subsequent handling. Silk 
presents no problem in this respect, since it contains 
the natural gum sericin, which acts as a size (12). 

The technical difficulties involved in carrying out 
this apparently simple series of operations were enor- 
mous. Pumps had to be designed to work in the 
neighborhood of 300°C. with no lubricant save the 
molten polymer itself. Atmospheric air had to be 
completely excluded from the process. Apparatus 
had to be designed that would take up the nylon fila- 
ments, spun at the rate of 3000 feet per minute, and 
cold draw these filaments to four times their original 
length without snapping them. 


PROPERTIES 


The following physical properties refer to Nylon 
66, the super polyamide of hexamethylene and adipic 
acid 


—(CH2)sNH—OC—(CH:2),—CO—H N— (CH2)sNH—OC— 
(CHs),.—_CO—_HN— 


TABLE 2* 


Strength: Weight 
Ratio, T/D 


23,000 
19,700 
20,000 
93,000 
24,000 
36,000 
65,000 


Tensile Strength, 
Material T in Lb./In.2 


Steel 180,000 
Dural 55,000 
Spruce 10,000 
Flax 140,000 
Cotton 36,000 
Silk 50,000 
Nylon 71,000 


* Table 2 furnished through the courtesy of Mr. A. X. Schmidt, Depart- 
ment of Chemical Engineering, The College of The City of New York. 


Sp. Gr., D 


TABLE 3 (7) 
Recovery, Tenacity, G./Deniert Water Absorption,* 

Fiber Per Cent Dry Wet Per Cent 
Nylon 5.0 4. 
Silk 4.6 3. 
Acetate 3.4 2. 
1.8 0. 
£.5 a; 


3. 
11. 
6. 


Cordura ree 
Viscose 12.0 

* At 60 per cent humidity. 

+ A one-denier fiber is one of such size that 9000 meters of the fiber weigh 
one gram. A one-denier nylon fiber has a diameter of 4-10~4 in. (9). 


Table 2 points out the surprising fact that on the 


9] 


basis of strength per unit weight the natural fibers are 
superior to the metals. Nylon, as can be seen, is high 
up in the scale of fibers, being surpassed only by flax. 

Since the stress-strain curve for nylon is practically 
linear up to 4 per cent strain (9), the recovery test was 
made by stretching the fibers 4 per cent, holding for 100 
seconds, and permitting 60 seconds for recovery. 

Du Pont gives the following figures for nylon (9): 


Tensile strength, dry: 5 to 7 g. per denier 

Tensile strength, wet: 4.4 to 6.0 g. per denier 

Loop strength: about 90 per cent of tensile strength 

Modulus of elasticity: 300 kg./cm.? (4.6-10 Ib. /in.?) 

Density: 1.14 g./cm.3 

Average heat capacity: 0.555 cal./g.°C. (20° to 265°C.) 

Heat of fusion: 22 cal./g. 

Moisture content: 4.5 per cent at 24°C., 72 per cent rel. hum. 

Refractive index: 1.53 to 1.57 

Volume resistivity: 4-10'4 ohm-cm. at 18 per cent rel. hum. 

5-10 ohm-cm. when wet 

4 at 1000 cycles, 22°C., 18 per cent rel. 
hum. 

5 per cent under the conditions above 


Dielectric constant: 
Power factor: 


Nylon is practically unaffected by most organic 
acids, alcohols, halogenated hydrocarbons, cold dilute 
alkalis, soaps, aldehydes, ketones, cold bleaches, and 
organic solvent mixtures. It is, however, readily 
soluble in the phenols and formic acid. It is virtually 
noninflammable, and will melt and burn only reluctantly 
when held in a flame. 

Nylon is completely inert physiologically. The 
only known case of toxic effects resulting from the 
wearing of nylon is that of a woman whose feet blistered 
after wearing nylon hose. Investigation showed, 
however, that the blistering was due to phenols in- 
completely removed from the hose by the manu- 
facturer (14). 


RECENT DEVELOPMENTS 


In his patents, Carothers has indicated the various 
acids and amines that he used to produce nylons 
(18). He lists about 15 diamines and about an equal 
number of acids, giving a total number of simple com- 
binations over 200. This does not include mixed 
nylons, 7. e., nylons produced by using more than one 
kind of amine in conjunction with one or more acids. 

Despite the apparent perfection of the existing 
nylons, work is continually being done to improve them. 
A recent British patent (525,516) tells of nylons pro- 
duced from aromatic diamines. The compounds dis- 
cussed in this paper are all meta-diamines, and a 
typical structure of such a nylon is: 
—OC—(CH2)-—CONH—¢—H NOC—(CH:2).—_CONH—¢— 

HNOC—... 

The patent states that these reactions differ from 

aliphatic nylon reactions in the following respects: 


1. Aliphatic nylon reactions are of the second order, while 
those of the aromatic nylons are third order reactions. 

2. Aromatic diamines do not form nylon salts, since they are 
too weak as bases for salt formation. 

3. The reactions of aromatic diamines are much slower than 
those of the aliphatics. 








The patent goes on to list catalysts that will in- 
crease the aromatic diamine reaction rate five- to 
tenfold, and gives, finally, a method of stopping the 
polymerization reaction at any desired point. This is 
accomplished by merely adding a small excess of 
either reactant. 

There have been many other types of nylons in- 
vestigated, including compounds bearing the —SO, 
group, the —CN group, etc. But these compounds 
are mere laboratory curiosities, so far. 

Further and more detailed information on the 
new experimental nylons can be found in British 
patents 525,516, 523,506, and 524,795. 
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i head WORK to be reported here is an extension of a 
recent publication! on the use of silica gel tubes in 
the detection of war gases. 

Since it has been suggested that hydrocyanic acid 
might be used in gas warfare, it was thought advisable 
to develop a method of detecting this chemical agent. 
A special detector tube was made up containing silica 
gel mixed with a small amount of solid ferrous sulfate. 
Air contaminated with HCN was aspirated through the 
detector tube. The silica gel was then wetted with 
strong alkali (20 per cent KOH) and the tube heated 
over a burning match. Following this a few drops of 
ferric chloride in hydrochloric acid (equal parts of 5 
per cent ferric chloride and concentrated hydrochloric 
acid) were added to the tube. A deep blue color de- 
veloped, indicating the presence of HCN. This test 
was based in principle on the prussian blue reaction 
described in Treadwell-Hall.?_ Even in the absence of 
HCN a greenish color developed in the detector tube 
following the addition of the alkali. This was due to 
the formation of ferrous hydroxide. The color dis- 
appeared when the ferric chloride-hydrochloric acid 
solution was added. Care must be taken not to confuse 
this reaction with a positive test for HCN. The color 
of ferrous hydroxide does not disappear rapidly when 
the acid ferric chloride reagent is added, and it is advis- 


1 FENTON, “Vapor detector tubes and detector kit for some 
chemical agents used in gas warfare,’’ J. Cuem. Epuc., 20, 
564-5, 1943. 
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develops. The advantage of this test is that it does 
not require a special reagent for use in the field. Re- 
agents in the tube, however, decompose after a time. 
The impregnated silica gel turns green, thus obscuring 
the actual color reaction with chlorpicrin. Tubes 
have been prepared in this laboratory which still gave 
satisfactory tests after one month of storage. 

It has been found advisable to discard the rubber 
pressure bulb for the aspiration of contaminated aif 
through the detector tubes. A glass syringe (10 or 20 
ml., preferably ungraduated) is much more efficient 
and less bulky. 




















A Chemical Balance 


W.M. SPICER and J. D. RAULERSON 


Georgia School of Technology, Atlanta, Georgia 


| gg somersens the most important instrument used by 
chemists is the balance. From a historical stand- 
point this is certainly true. In spite of this, chemists 
have not developed a true chemical balance, 7. e., one 
that weighs directly in terms of chemical units of quan- 
tity, moles or equivalent weights. 

To a physicist, 1 g. of sodium hydroxide is equivalent 
to 1 g. of potassium hydroxide. But to a chemist, 1 g. 
of sodium hydroxide is not equivalent to 1 g. of potas- 
sium hydroxide; to him 1 mole of sodium hydroxide is 
equivalent to 1 mole of potassium hydroxide. 

It is almost certainly true that one cannot think 
quantitatively in chemistry until one thinks not in 
terms of grams but in terms of chemical units, moles 
and equivalént weights. We try to teach our students 
to think in terms of such units. For example, we tell 
them that a molar solution is made by dissolving 1 
mole of solute in enough water to make 1 liter of 
solution. This is a simple straightforward definition 
but it is not directly applicable in practice. When the 
student goes into the laboratory to prepare solutions 
he is told that in order to make 1 1. of I M solution he 
must use 40.0 g. of sodium hydroxide, 74.0 g. of cal- 
cium hydroxide, 58.45 g. of sodium chloride, or 169.89 g. 
of silver nitrate, etc. This is very confusing to 
beginners. 

Furthermore, students quickly learn to interpret 
chemical equations in terms of moles. They learn that 
the equation 


NaOH + HCl = NaCl + H:0 


expresses the fact that 1 mole of sodium hydroxide re- 
acts with 1 mole of hydrogen chloride to yield 1 mole of 
sodium chloride and 1 mole of water. But if they are 
asked the size of a mole of sodium chloride, they usu- 
ally, after some hesitation, give an unreasonable answer. 
The student is not to be blamed; he has quite likely 
never been shown a mole of sodium chloride, or a mole 
of anything else. We talk a lot about moles but we 
seldom deal directly with them. 

In an attempt to bridge the gap between class dis- 
cussion where we use moles, and laboratory practice 


where we are forced to weigh in grams, we have con- 
structed a simple balance and accompanying weight 
that weighs directly in moles. 

The balance (see figure) consists of a pan, A, to re- 
ceive the sample, an accurately calibrated arm, B, to 
receive the weights and to carry the rider, C. This 
rider is used to balance the container in which the 
sample is weighed. 





Each substance to be weighed requires its own par- 
ticular weight proportional to its molecular weight. 
(Our weights are two-thirds of the gram-molecular 
weight.) In the figure three such weights are shown. 
Each of these when placed at any given position on the 
balance arm (say 1.5) will balance that number (1.5) 
moles of the given substance on the balance. Thus to 
weigh 1.5 moles of any substance, no matter what, we 
use the 1.5 position on the balance arm. 

It is not, of course, expected that this type of balance 
will replace our present analytical balance. For one 
thing, its sensitivity is low, but a more serious dis- 
advantage is that too many weights are required. 

In spite of these shortcomings, we believe that such a 
balance has an educational value and might be useful 
too where a few substances are weighed often. 


Shoes that will wear longer—15,000,000 of them, mostly women’s—are in prospect 


if current experiments work out in large-scale operation. 


Plan is to use oil- and wax- 


treated soles in *“‘cement constructed”? shoes, which experimentally have increased 


wearability from 15 to 40 per cent. 
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An Experiment 
in Colorimetry and Reaction Kinetics 


for Physical Chemistry 


RICHARD WISTAR and LYDIA NELSON: 
Mills College, Oakland, California 


HE EXPERIMENT described below offers a pro- 
cedure for studying reaction kinetics which is ex- 
ceedingly simple yet suitable for an elementary course 
in physical chemistry. No expensive or special equip- 
ment is needed, the reagent-quality chemicals used are 
readily available, and the reaction is conveniently rapid. 
In the concentration ratios recommended, diazotized 
sulfanilic acid couples with 1-naphthylamine-4-sulfonic 
acid to form an amber-colored solution. The reaction 
can be followed colorimetrically to 77 per cent com- 
pletion in approximately 20 minutes at 20°C. No 
thermostat need be used for a reaction as rapid as this, 
and the colorimetric comparison with standards is made 
by looking through the solutions in regular 200 X 25- 
mm. test tubes. 

In comparing the standards with the reacting mixture 
it is easier if two standards of nearly the same concen- 
tration are used, corresponding to 18 per cent and 20 per 
cent complete reaction, for instance. When the color 
in the reaction tube is darker than the first and lighter 
than the second, it is recorded as 19 per cent reacted. 
This method has proved more successful than trying to 
match a certain standard. 

The reaction involved is summarized by the following 
equation: 

NH2 NH: 


hi 
\ A \ 
-O;SCsHyNe2t + “ —_> | N==NC,H,SO;— +Ht 
p | | 
4 \/ \ af 
SO;~ SO;— 


As long as the two reactants are present in equal con- 
centrations, or when the naphthylamine sulfonate is 
in excess, the reaction is kinetically of the second order 
and can be followed to 80 per cent completion with an 
accuracy of about +2 per cent. The reaction mixture 
is buffered at pH 7 with 0.2 M ammonium acetate. It 
is not necessary to measure the pH because the rate 
of the coupling reaction is not affected by changing 
hydrogen ion concentration above pH 3.5.2 In solu- 

1 Present address: Shell Development Company, San Fran- 
cisco, California. 

2 WISTAR AND BARTLETT, “Kinetics and mechanism of the 


coupling of diazonium salts with aromatic amines in buffer 
solutions,” J. Am. Chem. Soc., 63, 414 (1941). 


tions more acid than pH 3.5, the following change 
NH;* 


NH: 
SO;— SO;— 


begins to take place to an appreciable extent and the 
coupling reaction is slowed down. 

The directions for carrying out the experiment follow. 

Object: The determination of the reaction velocity 
constant of a second order reaction. 

Apparatus: Three test tube racks; fifteen 8-inch 
test tubes; eight pipets: one l-ml., two 5-ml., two 10- 
ml., one 25-ml., one 50-ml., and one 10-ml. graduated 
in 0.1 ml.; three volumetric flasks: one 1-liter, one 
500-ml., and one 50-ml.; one 10-ml. buret; stop' watch; 
thermometer; stirring rod; box of weights; analytical 
balance; weighing bottle; desiccator. 

To obtain 8-inch test tubes of the same internal di- 
ameter, pipet 50 ml. of water into several and choose 
those in which the level is the same. For introduction 
of the naphthionic acid solution, the 50-ml. pipet 
should be calibrated to deliver 49.0 ml., and a file mark 
should be made at the proper place. 

Reagents: Sulfanilic acid, p-nitraniline, sodium ni- 
trite, ammonium acetate, hydrochloric acid, and 1- 
naphthylamine-4-sulfonic acid. Reagent-grade chemi- 
cals should need no further purification. The naph- 
thionic acid obtained from the Eastman Kodak Com- 
pany is of satisfactory purity. 

Preparation of Standard Solutions: The sulfanilic 
acid is dried to constant weight at 110°. A 0.1 M 
solution is prepared by dissolving 8.65 g. (0.05 mols) 
in some water containing 5 ml. of concentrated am- 
monia. This solution is diluted to 500 ml. in a volu- 
metric flask. To prepare the diazonium solution, 10 
ml. of this 0.1 M sulfanilic acid is pipetted into a 50-ml. 
Erlenmeyer flask. To this is added from a pipet 5 ml. 
of 0.8 M hydrochloric acid. The mixture is cooled in 
an ice-water bath for 10 minutes to bring the tempera- 
ture below 5°C. Using a 10-ml. buret, 5 ml. of 0.2 M@ 
sodium nitrite solution is slowly dropped in while the 
flask is gently rotated. The diazotization is allowed to 
continue at the temperature of the ice bath with fre- 
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quent agitation for 30 minutes. Then 20 ml. of dis- 
tilled water is added. The solution is now 0.025 M 
in diazonium ion. A pipet is used to transfer 10 ml. 
of this solution to a 50-ml. volumetric flask. When 
diluted to the mark, this gives a solution which is 0.005 
M in diazonium ion. One ml. of this solution, when 
added to the reaction mixture, is diluted to 50 ml., and 
the concentration of diazonium ion is then.0.0001 M. 

The 0.2 M sodium nitrite must be standardized, and 
this is conveniently done by diazotizing weighed 
quantities of pure p-nitraniline. An approximately 
0.2 M solution is made up by dissolving 14 g. of c. p. 
sodium nitrite in water and diluting to | liter. Several 
0.3-g. portions of p-nitraniline are weighed into 50-ml. 
Erlenmeyer flasks. To each, 2 ml. of 6 N hydrochloric 
acid and 10 ml. of water are added. The flasks are 
warmed until everything is dissolved, then cooled by 
the addition of small pieces of ice. The solutions are 
titrated at 15°C. by running in the sodium nitrite 
solution from a buret, using potassium-iodide starch 
paper, and waiting about 20 seconds before testing near 
the end point. The instantaneous appearance of a 
blue color on the test paper indicates an excess of ni- 
trite. It is convenient to dilute the nitrite solution to 
exactly 0.2 M. 

The ammonium acetate buffer is prepared by dis- 
solving 15.4 g. of ammonium acetate in water and di- 
luting to 1 liter, making a 0.2 M solution. 

The naphthionic acid is dried to constant weight over 
sulfuric acid in a desiccator. A 0.057-g. sample of the 
dried product is dissolved and diluted to a volume of 
500 ml. using the buffer solution. This solution is 
0.00051 M in naphthionic acid and when 1 ml. of the 
0.005 M diazonium solution is added to 49 ml. of the 
naphthionic acid solution the resulting mixture is 
0.0005 M in naphthionic acid and 0.0001 M in dia- 
zonium 10n. 

Procedure: This expersuent covers two laboratory 
periods. During the first one, prepare the various 
solutions as directed above, and then prepare a standard 
reaction mixture as follows: Place five 49-ml. portions 
of the 0.00051 M naphthionic acid solution in a clean, 
dry 250-ml. Erlenmeyer flask and to it add from a pipet 
5 ml. of the 0.005 M diazotized sulfanilic acid solution. 
This will reach substantially 100 per cent reaction over- 
night and will keep for several days. 

The following laboratory period (no more than a 
week later), standards of various percentages are pre- 
pared in the chosen test tubes. Pipets are used 
throughout to measure the desired amounts of both the 
completely coupled reaction solution and the buffer 
which is used for dilution. In 10 clean dry test tubes 
make up standards as in Table 1. Thoroughly mix 
each solution with a stirring rod and arrange consecu- 
tively in test tube racks. 

Timing the Coupling Reaction: Pipet 49 ml. of the 
0.00051 M naphthionic acid solution into a clean, dry 


95 


M1. of Coupled Solution MI. of Buffer 


9 
10 
19 
20 
23 


Percentage 


TABLE 1 


8-inch test tube. Using a dry 1-ml. pipet, withdraw 1 
ml. of freshly prepared 0.005 M diazotized sulfanilic 
acid solution. Blow this into the naphthionic acid 
solution and start the stop watch at the instant the 
diazonium ion is introduced. Mix the reactants 
thoroughly by pouring the solution into another clean, 
dry test tube of the same size. Record the temperature 
at the beginning, and again at the end of the experi- 
ment. It should not vary by more than 0.5°C. Place 
the reaction tube between the first pair of standards and 
record the time to the nearest second when the color is 
darker than the 18 per cent reacted standard and lighter 
than the 20 per cent reacted one. This is recorded as 
the time for 19 per cent reaction. It helps to elevate 
the rack and back it up with a white or light colored 
wall. The comparison is made by looking across the 
diameter of the tube, not down its perpendicular axis. 
In a similar fashion, record the time for 39 per cent, 48 
per cent, 58 per cent, and 77 per cent reaction by com- 
parison with the proper pairs of standards. The tim- 
ing run should be carried out two or three times. 

Treatment of Results: The determination of the ve- 
locity constant, K, is done graphically. For a second- 
order reaction the momentary concentrations of the 
reacting substances A and B are expressed by the 
equation 

& = ka — x)(b - x) 
in which a = initial concentration of A, 6 = initial con- 
centration of B, x = amount reacted, ¢ = time in 
minutes. This equation is used when a > b. Upon 
integrating and evaluating the integration constant by 
setting x = 0 when ?# = 0, this becomes 
2.3 b(a — x) 

~ Ha— 6) "8 a(b — x) 





K 


b(a — x) 
a(b — x) 
trations expressed in mols per liter is plotted against ¢ 
in minutes. The best straight line is determined by in- 
spection and is drawn from the point of origin through 
the points on the graph. Stretching a piece of thread 
across the graph is helpful in determining the best 
straight line. K is calculated by solving for the slope 
of the line. The value of A is approximately 150 at 
25°C. 


with the concen- 
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Influence of Sulfide Ion Hydrolysis 
on the 
Solubility-Solubility Product Relationship 
of Metallic Sulfides 


PIERRE VAN RYSSELBERGHE and ARMIN H. GROPP 


University of Oregon, Eugene, Oregon 


HE EXACT relationship between the molar 

solubilities and the solubility products of the so- 
called ‘insoluble sulfides’ are complicated by the very 
extensive hydrolysis of the sulfide ion. Textbooks of 
analytical chemistry hardly ever touch this important 
problem and many of them do not even mention it. 
Students are usually taught to treat the problems on 
solubilities and solubility products of the sulfides in 
the same manner as those concerned with the insoluble 
salts of strong acids and strong bases. Even hand- 
books give inconsistent data on this subject. 

Some important papers on the equilibria in solutions 
of sulfides have, however, been published by Kolthoff 
(1), Ravitz (2), and Verhuvgen (3), but their contents 
have not yet found their way into the textbooks and, 
moreover, a treatment of the subject accessible to 
students of qualitative analysis, with emphasis on 
problems of practical interest, has not yet been pro- 
vided. 

For instance, the embarrassing situation that 
predictions as regards the precipitation or nonprecipita- 
tion of borderline cases such as that of zine sulfide are 
often in patent disagreement with the facts has, to 
our knowledge, never received adequate attention in 
the textbooks. The purpose of the present paper is to 
give a simple, yet sufficiently exact and complete, 
treatment of this fundamental topic. Activity cor- 
rections will not be made and only round values of the 
hydrolysis and ionization constants will be used. 


IONIZATION CONSTANTS OF HYDROGEN SULFIDE IN 
AQUEOUS SOLUTION, HYDROLYSIS CONSTANTS OF THE 
SULFIDE AND BISULFIDE ION 


The following acid-base reactions take place when 
H2S dissolves in water [see, for instance, Hammett’s 
(4) excellent textbook | : 


H2S + H:0 
HS~ + H,0 


H;Ot + HS~ 
H;O+ + S™ 


At room temperature the ionization constants, Ky, 
and Ke, have approximately the following values: 


_ (H,0*)(HS~) 

* (H2S) 

(H;0*)(S) 
(HS~) 


Ky = 107’ 


= 10-5 


K; = 


In solutions saturated with H2S the concentration of 


the undissociated acid is practically 10-'. Therefore 


at saturation we have 
K = KiK2(H2S) = (H;0*+)2(S") = 107*8 
The hydrolysis of the sulfide ion takes place as follows: 
S"= + H.O = HS~ + OH- 
and the hydrolysis constant is 


_ (HS~)(OH-) _ 107" 


-. —” 


Kp 

a constant so large that sodium sulfide, for instance, [ 
can truly be regarded as a base practically as strong | 
as sodium hydroxide. Mellor (5) in fact states that 
such sulfides as CaS and BaS in solution have the prob- [7 
able formulas CaHSOH and BaHSOH. ; 
The hydrolysis of the bisulfide ion takes place as F 
follows: ; 


HS~ + H.0 = H2S + OH- 
and the hydrolysis constant is 


K, = (H:S)(OH-) _ 107" 
mr ~ 10-7 


(HS-) i 


SATURATED SOLUTIONS OF THE SULFIDES, WITHOUT ANY 
ADDED ACIDS, BASES, OR SALTS 


Let us represent sulfides by the general formula 
MS». The solubility product P is 


P = (M+) ($7)? 


If the stoichiometric relations which hold in the 
absence of hydrolysis are applied here we would have, 
calling s the molar solubility of the sulfide, 


(M+) = as, (S™) = bs, and P = (as)* (bs)® 
Therefore, neglecting hydrolysis, we would have 


= a+0/ . a 
Jf a® b> 
as is the case with such insoluble salts as AgCl, BaSO,, 
etc. In the case of the sulfides, however, this relation 
is not even approximately correct. 

As solutions of pure sulfides are always basic on 
account of the marked degree of hydrolysis of the 
sulfide ion we shall take the OH~-ion concentration 
as the main variable in our treatment. We shall 
also assume that the hydrolysis of the hydrated 
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metallic ions, Cu(H2O),*+*+ for instance, is always 
negligible compared to that of the S=-ion. We shall 
call C the total original ‘‘sulfur’’ concentration. We 
have, obviously, 


C = bs = (S~) + (HS~) + (HS) 


From the hydrolysis constants above we deduce 


(S*)_. (HS~) (S~) 


(HS") = 10 (Oi) yi (HS) = 10°" Gay = 10°* R=: 


Therefore, 





oo 10 10-8 
= 2 | + (OH) + or | 


bs 
10 10-6 
(OH) * (OH)? 


(S*) = 





De 





and setting (OH~) = x, the solubility product P be- 


comes 
P = (as)a(bs)* ; ‘ 
= as)@ Ss .————_ 
—-6 
| 
x x 


We see that, because of hydrolysis, the usual value of 
the solubility product has to be multiplied by the 


correction factor, 
1 6 
Ss One 
oe 
Fo x 


It will now be convenient, and at the same time 
practical, to divide the insoluble sulfides into three 
classes: 

1. Those whose solubility, s, is much greater than 1077. 

2. Those whose solubility is much smaller than 1077. 

3. Those whose solubility is in the vicinity of 1077. 

Case 1: When s is much greater than 10~’, the 
contribution of the solvent to x = (OH7~) is negligible 
compared with that due to the hydrolysis of the 
sulfide ion. We have, in this case, (HS~) = (OH7) 
= bs, since the hydrolysis of HS~ is negligible. Sup- 
pose we take bs = 10-4. The hydrolysis constants 
give 


10-* we find (S=) = 10-° and 


With (HS-) = x = 
252/10 


(H2S) = 10-7. In general we have (S=) = 
and the solubility product becomes 
(as) (bs) 


sis 10 


If, for instance, as = bs = 10-4, a = b = 1, we find 
P = 10-, while without taking hydrolysis into ac- 


count we would find P = 10-*. The solubility, s, 
is obtained from the formula 


— a+2b/ 10P 
Jf a® 2 


Case 2; When the solubility is much smaller than 
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10~7 the contribution of the solvent to x = (OH7) is 
predominant and always equal to 10-7. The cor- 
rection factor, f, is thus always 


se [ 1 |- 1 
~~ L1+ 108+ 108] ~~ (2 X 108) 
and the solubility product becomes 


_ (as)* (bs)® 
~ (2X 108) 


The solubility, s, is obtained from P by the formula 


_ a+b/P XK 2° X 108 
ia at b> 


With, for instance, as = bs = 10-", a = b = 1, we 
find that P = '/2 X 10~-*, while without taking hy- 
drolysis into account, we would find P = 10-* 

Case 3: When the solvent and the sulfide con- 
tribute similar amounts to the OH~- ion concentration, 
1. e., both of the order of 10~’, we have to solve the 
following two simultaneous equations: 

1. The relation between the S--ion concentration, 
which we shall now call y, and the alkalinity already 
used above: 

bs 


10. 10-6 1 
1+ 245, (1) 


(S>) =y= 


2. An additional stoichiometric relation between 
y and x, namely, the condition of electroneutrality: 


2b 


(M+) + (H;O+) = (HS~) + (OH-) + 2(S") 


10-* §=105 


Qbs + —— =—2 + 2+2y 


from which we deduce 


)-14 
2bs + - . —x 
Sener ata Eee (2) 


Equating the values of y deduced from (1) and (2) 
we get 


(Bra) «(14 Bel) (on 42) 


which can readily be transformed into the following 
equation in which the unknown u is '/x: 

10-2°u44 + (10-13 + 26s10~-6)u3 + (107!4 + 10bs — 107*)u? — 

10u—1=0 
In the wu? term, 10-4 is negligible in presence of 10~°. 
Remembering that s is in the neighborhood of 10~’, 
and considering the case of the symmetrical sulfides 
MS for which b = 1, the above equation gives, as 
expected, u = 1/2 X 10’ or x = 2 X 1077. The cor- 
rection factor, f, is here 
f 1+5 X 10°+2.5 X 10’ 7.5 X 10° 
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and for the MS sulfides the solubility product be- 
comes 
Beige 
P= 75X10" 
In the general case we take x = (6 + 1) 10-7 and we 
find that 


f= 


1 _ (b+ 1)% 
| ~ 108° (b + 2) 








108 108 
[1 + oF t OF i 


and hence 
(b + 1)% 


P = (as)*(bs)-i565-75 4 Bye 


from which we deduce 
_ 2+ 0/108 (b + 2) P 
V  atbe(b + 1)% 

If we take, for instance, the case of thallium sul- 
fide, Tl,S, whose solubility product is 6.39 xX 10-78 
we find, according to the above formula, s = 1.06 X 
10-5, while the incorrect P = (as)*(bs)® formula would 
give s = 2.51 X 10-*. If we consider this case as 
belonging to class 1 (s>10~") we find that s = 3.46 
aa. 
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FIGURE 1.—pP-ps RELATIONSHIP OF SULFIDES OF THE MS 
TYPE 























It is interesting to represent the above results by 
a graph. Denoting by ps and pP the negative loga- 
rithms of s and P we have for ps <7 and in:the case of 
the symmetrical sulfides, M/S, 


pP = 3ps +1 
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For ps>7 we have 
pP = 2ps + 8 + log 2 = 2ps + 8.3 


These two straight lines are plotted in Figure 1. 
If we extend them both to ps = 7 we find, with case 1, 
pP = 22, and, with case 2, pP = 22.3. 

The exact relationship, however, is, as can be de- 
duced from the treatment of case 3, pP = 21.8, which 
value lies almost exactly on the straight line drawn be- 


tween the exact pP for ps = 6 and 8 (pP = 19 for ps 


= 6, pP = 24.3 for ps = 8). 


In Table 1 we give the thermodynamically deter- | 


mined values of the solubility products of some of the 
common sulfides, taken from the work of Ravitz 
(2), the values of s as given by Ravitz, and the cal- 
culated values of s obtained from our formulas. 


TABLE 1 
SOLUBILITY PRODUCTS AND SOLUBILITIES OF SOME METALLIC SULFIDES 
Sulfide s (Ravitz) s (Calc.) 


CdS 
CuS 
CurS 
PbS 
HGS* 
AG:S 
TL:S 
ZNS 
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* The case of HgS is still in doubt, since the values for P range from 1.0 
X 10-"to3 X 10754, 


PRECIPITATION OF SULFIDES IN SOLUTIONS OF ADJUSTED 
pH 

In any solution saturated with respect to both 
H2S and a sulfide M,S,, and kept at constant pH we 
have the simultaneous conditions 

(M*)*(S")* = P 
and 
(H;0*)?(S") = 107-8 

When the correct values of P, such as those in Table 
1, are used these two conditions enable us to predict 
whether a given sulfide will precipitate or not in the 
presence of a given hydrogen-ion concentration. In 
some ‘‘borderline’’ cases, however, predictions and 
facts do not agree. For instance, ZnS with a P of 
about 10~* is not precipitated by HS in the 0.3 N 
acidity used in the precipitation of the copper group 
sulfides. Yet the above conditions give, taking 
(H;0t) = 10-1, (S-) = 10-” and (Zn*+*) = 10-4, 
which means that the precipitation of Zn*+* as ZnS 
should be nearly complete. 

In the same manner, a 1 N acidity will often pre- 
vent the formation of any CdS. Yet, at that acidity, 
(S-) = 10-3, and from P = 10-* we get (Cdt*) = 
10-*. Again, precipitation should be complete. It 
is also a well-known fact that 12 N HCl prevents even 
the precipitation of CuS. Yet we have, with (H;0*) 
= 10, (S=) = 10-*, and with P = (approx.) 10-*, 
(Cutt) = 10-, showing once more that precipita- 
tion should be complete. The answer to these diffi- 
culties resides, obviously we believe, in the fact that 
such ions as Zn*++, Cd*+*, and Cutt form coordination 





FEBE 


compl 
the si 


stable 
is fort 
(4)]. 

we ha 
a solu 
instak 
be, ass 


Hi, 
to be 
would 


In 
compl 
fact | 
transf 
high 1 
existe: 
by th 
preser 

Ass 
preve! 
CuS i 
CdCl, 


oO 


mae RS OD et 


“Ww oF 


we 


FeBrRuARY, 1944 


complexes in sufficient amounts to reduce in some cases 
the simple ion concentrations to values so small that 
the solubility products are not exceeded. 

In the case of Zn*+* it is possible that a relatively 
stable Zn(HS),"-ion similar to the zincate ion, Zn(OH),~ 
is formed in saturated solutions of H2S [see Hammett 
(4)]. If 10-' HCl prevents the formation of ZnS, 
we have, with (S=) = 10-7!, (Zn++) = 10-5. In such 
a solution (HS=) = 10-7 and an upper limit for the 
instability constant of the complex Zn(HS),- would 
be, assuming the solution to be 1 // in total zinc, 


(Zn? OS )* _ 1058 5¢ 10-% 


[Zn(HS)."] 1 7“ 





If, by chance, the existence of a Zn(Cl),--ion were 
to be the cause of the nonprecipitation of ZnS we 
would have, in 10-! HCl and 1 M Zn(NOs)2, 


(Zat*)(Cl-)* _ 10-*x< al 


(ZnCl,*) 1 10" 





In the case of cadmium the formation of halide 
complexes in large concentrations is a well-established 
fact demonstrated, for instance, by the negative 
transference number of cadmium in the presence of 
high halide concentrations. In the case of copper the 
existence of a complex, such as CuCl, is demonstrated 
by the green color of solutions of cupric salts in the 
presence of concentrated HCl. ; 

Assuming that a 10 N HCl! concentration always 
prevents the formation of CdS and sometimes that of 
CuS in 1 M solutions of the nitrates we have, for the 
CdCl=- and the CuCl,“ complexes [with (S=) = 10-5], 


(Cd*+*)(Cl1-)* 
(CdCl) 
(Cu+t)(CI-)* | 10713 «104 

(CuCl**) 1 


or 10 





10-* X 108 
1 


or 1079 





Instability constants of these orders of magnitude 
are not in the least improbable. 


CONCLUSIONS AND SUMMARY 


The extensive hydrolysis of the sulfide ion has 
been taken into account in the establishment of the 
correct relationship between the solubility and the 
solubility product of the sparingly soluble sulfides. 
Large departures from the usual incorrect calculations 
have been pointed out. By the use of separate formu- 
las for the cases s>10~-’, s<10-’, s = 10-’, the sub- 
ject has been simplified and, we venture, clarified 
to the extent that its incorporation in textbooks of 
analytical chemistry is now possible. Complex ions 
are suggested as the probable explanation of the 
lack of agreement between simple theory and facts in 
such cases as ZnS, CdS, and CuS. 
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WOOD CHEMISTS MOVE CLOSER TO SUGAR GOAL 


The goal of wood chemists to develop a really commercial process of making sugar 
from wood is seen to be closer to accomplishment with the announcement of a new 
process which it is claimed destroys much less of the sugar than the sulfuric acid 


process under similar circumstances. 


Chipped wood is treated with successive increments of a 0.2 to 2.0 per cent water 
solution of sulfur dioxide at a temperature of 145-85°C. This converts all of the carbo- 


hydrate part of the wood into the sugar dextrose. 
be treated by successive additions of the gas. 


It is insisted that the wood must 
To prevent the formation of sulfuric 


acid, liquid sulfur dioxide is added to the reaction vessel after the wood and the water 


have been raised to the proper temperature. 


By using it on successive batches of wood the original solution can be substantially 


enriched. 


Pilot plant operating conditions indicate that a commercial plant should be able 
to obtain a yield of 57 per cent on the weight of wood used, the sugar solution obtained 


testing 8 per cent dextrose. 


The lignin residue is usable for fuel or in various other ways. 


Operating cycle, including charging and removing the lignin, is 7 to 8 hours.—Food 


Materials and Equipment 





NEW ENGLAND ASSOCIATION 
CHEMISTRY TEACHERS 


of 


Suge C. HAMILTON 
1892-1943 


Sue C. Hamilton, Treasurer, former Secretary, and 
long-time friend of the N.E.A.C.T., died December 5, 
1943, after a short illness. An obituary appeared in 
THIS JOURNAL, 21, 51 (1944). 


OFFICIAL BUSINESS 


223rd Meeting—November 6, 1943 
Teachers College of Connecticut 
New Britain, Connecticut 


AFTER an address of welcome by Dr. Herbert D. 
Welte, President of the Teachers College, the following 
papers were given: ‘‘Why the industrial chemist?’’ by 


B. M. Crum, Chief Chemist and Metallurgist, The 
Stanley Works, New Britain, Connecticut; ‘‘What do 
we do with the trained chemist?’ by Ernest G. Ander- 
son, Chief Chemist, American Hardware Corporation 
Research and Testing Laboratory, New Britain, Con- 
necticut; ‘‘Modern heat treating practices’ by Charles 
Pethybridge, Chief Metallurgist, New Britain Machine 
Company; and ‘Electroplating in war production” 
by George C. Hogaboom, formerly Chief Electroplating 
Consultant for the WPB, Conservation and Substitu- 
tion Division. 


224th Meeting—December 4, 1943 
Massachusetts College of Pharmacy 
Boston, Massachusetts 


DEAN H. C. Newton, of the College of Pharmacy, 
extended greetings to the joint meeting with the 
Eastern Association of Physics Teachers and the New 
England Biological Association. During this joint 
meeting, Dr. V. A. Getting, Massachusetts Commis- 
sioner of Public Health, spoke on “‘Effect of tropical 
diseases on civilians as a result of the war.’’ Mr. Louis 
Welch, English High School, Boston, reminisced on the 
topic, ‘Scientific information from balloon ascensions.”’ 
This was a last-minute substitution for Dr. N. Henry 
Black, Harvard University, who was to have spoken 
on “‘Science teaching today,’’ but who was taken to the 
hospital the night before the meeting. In the afternoon 
session the members heard two papers: ‘Future op- 
portunities for the research scientist,’ Dr. Lawrence 
W. Bass, Director of the New England Industrial Re- 
search Foundation, Inc., Boston, and ‘“‘Pharmaceutical 
manufacturing and its relation to public health,” Dr. 
P. K. Bates, Director of Research and Control, United 
Drug Company, Boston. 

The Sixth Summer Conference Committee held its 
first organizational meeting under the direction of Dr. 
Carroll B. Gustafson, Chairman. Complete com- 
mittees and officers of the Conference will be announced 


later. 


NEW MEMBERS 


Sidney Bluhm, South Boston High School, Boston, Massachu- 
setts. 

Walter J. Dumm, Barringer High School, Newark, New Jersey. 

Madeline L. Ferris, Center Junior High School, Chicopee, 
Massachusetts. 

John L. Gordon, Kents Hill Junior College, Kents Hill, Maine. 
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Arthur G. Hildreth, Newton Senior High School, Newton, 


Massachusetts. 
Charles W. Hutton, Moses Brown School, Providence, Rhode 


Island. 
Bojan H. Jennings (Mrs. A. L.), Wheaton College, Norton, 


Massachusetts. 
Anton Kishon, Phillips Academy, Andover, Massachusetts. 
Lucille E. Kuhnly, Rockville High School, Rockville, Connecticut. 
Lillian J. Moggio, Center Junior High School, Chicopee, Mas- 
sachusetts. 
Harriet J. Nissen, Nasson College, Springvale, Maine. 
William J. O’Brien, Lowell High School, Lowell, Massachusetts. 
Reuel K. Rust, Williamstown High School, Williamstown, 


Massachusetts. 
Thomas J. Shea, Northampton High School, Northampton, 


Massachusetts. 
Hugh A. Smith, Coburn Classical Institute, Waterville, Maine. 
Francis Tripp, New Bedford State Textile School, New Bedford, 


Massachusetts. 
Edward §. Wolcott, Bulkeley High School, Hartford, Con- 


necticut. 


Notes 
Raymond §. Tobey, Medford, Massachusetts, has 
been appointed to serve for three years on the Necrology 
Committee. 


Film Reviews’ 
MILLARD W. BOSWORTH 


Vermont Academy, Saxtons River, Vermont 


Electrons at Work: Shows the structure, manu- 
facture, and operation of the RCA vacuum tube. 
Animated drawings show how the grid acts in its con- 
trol of the flow of electrons from the cathode to the 
plate. Many excellent sequences showing manufacture 
and drawing of tungsten filaments, and the use of au- 
tomatic machines for finishing tubes. Testing and in- 
spection during the various phases of the assembly are 
emphasized. Recommended for high-school, lay, and 
college groups. 16 mm., sound. 10 min. Free ex- 
cept for transportation. Distributor: William J. 
Ganz Co., 40 East 49th St., New York, N. Y. 

This Plastic Age: Following a short introduction 
which emphasizes the beauty of colors, the history of 
plastics is discussed. The modern practices of forming 
and using plastics are illustrated. Emphasis is placed 
on the use of plastics in modern warfare. Recom- 
| mended for high-school and lay groups. 16 mm., 
sound, color. 27 min. Free except for transporta- 
tion. Distributor: Modern Plastics Magazine, Cha- 
nin Building, 122 East 42nd St., New York, N. Y. 

Modest Miracle: The story of the history and use of 
vitamin B, is described effectively and dramatically. 
Emphasis on the immensity of the problem for the early 
workers, and the successful conclusion of the research 
worker makes a most stirring presentation. Tests for 
the vitamin and experiments are shown, although they 
are not explained to full advantage. Recommended 
for high-school and lay groups. 16 mm., sound. 30 
min. Free except for transportation. Distributor: 
Standard Brands, 100 Inman St., Cambridge, Mass. 


1It is hoped to continue this section as a regular feature. 
Readers are invited to contribute film reviews. 


A Micro HS Generator 


SHIRLEY GADDIS 
Illinois College, Jacksonville, Illinois 




















) ywayis hydrogen sulfide generator is shown in 


the accompanying diagram. The inner tube 
(made from a 25-cm. length of 8-mm. glass tubing 
heated to a capillary constriction at one end) has in 
it a 2-cm. pack of glass wool as a support for the FeS. 
The 6 X */4-inch test tube contains the 6 N HCl. 

To start generation, push in the No. 0 rubber stop- 
per. To stop, remove the stopper. If at any time 
the flow of gas slows down, remove the stopper for a 
moment and then replace. This renews the acid in 
contact with the FeS._ 

In micro work the gas is bubbled into solutions 
through jet tubes which have been drawn down to a 
“hair” fineness. Laboratory workers in micro qual- 
itative analysis realize the difficulty in getting the 
H2S from the usual Kipp arrangements or from the 
piped laboratory supply to develop enough pressure 
to overcome the surface tension of the water at the tip 
of the ‘‘hair” tube. 

The advantage of this generator (aside from the 
simplicity and economy of construction) is that the 
H2S is delivered under sufficient pressure to form 
the ‘‘micro”’ bubbles. 





RECENT BOOKS 


ELECTRONIC INTERPRETATIONS OF ORGANIC CHEMISTRY. A. E. 
Remick, Assistant Professor of Chemistry, Wayne University. 
John Wiley & Sons, Inc., New York, 1943. v + 474 pp. 
19 figs. 77 tables. 13.5 X 21cm. $4.50. 

The title of this book is scarcely an accurate description of its 
scope and content. A few sentences lifted from the author’s pref- 
ace may be more informative. 

“A satisfactory preparative procedure demands: (1) that 
the proposed reaction be thermodynamically possible, (2) that the 
reaction take place with a sufficiently high velocity to be practi- 
cable, and (3) that there be as few side reactions as possible and 
that those which are inevitable take place much more slowly than 
the main reaction. It should be at once apparent that if we would 
predict these things we must first understand the effects of struc- 
tural and environmental changes on both the free energies and 
activation energies of organic reactions. This seems to be a de- 
mand for a fusion of electronic theories of organic chemistry with 
such modern developments in physical chemistry as the quantum- 
mechanical concept of resonance and the transition-state theory 
of reaction rates. The main purpose of this book is to show how 
this fusion of ideas has been satisfactorily achieved. . . . It is 
intended that this book shall serve the dual purpose of a review 
and an advanced textbook... .” 

In your reviewer’s opinion the author has made, on the whole, 
an intelligent choice of subject matter, when judged on the basis 
of the objectives announced. Some readers may feel, with the re- 
viewer, that a disproportionate amount of space has been ex- 
pended on the rather nebulous physical concepts, esoteric termin- 
ology, and tortuous interpretations of the English school—now 
chiefly of historical interest to American organic chemists, at 
least. This, however, is perhaps a matter of personal taste and 
opinion. 

Within the areas selected for treatment the coverage of sig- 
nificant literature has been reasonably thorough, although there 
are a few rather surprising omissions, such, for instance, as the 
neglect of Anderson’s study [J. Chem. Soc., 57, 1673 (1935) ], indi- 
cating that the basis of the conductivity of hexaphenylethane in 
polar solvents like liquid sulfur dioxide is ionization in the sense 
(CsHs)sC- = (CeHs)sCt + e, rather than in the sense (CsHs)3C: 
C(CsHs)3 = (CeHs)sC* + (CeHs)sC:~, as Gomberg had earlier 
supposed (p. 46). 

The text is considerably better written than the average, and 
the exposition is exceptionally lucid, being marred chiefly by 
occasional lapses into oversimplification or by condensation to the 
point of mild misrepresentation. Cf., e. g., the beginning sen- 
tence of the first new paragraph on p. 140: ‘‘There is considerable 
evidence from the field of quantum mechanics which shows that 
the energy of a bond between two given atoms is not much 
affected by other atoms in the molecule.” 

In the field of critical evaluation and independent interpreta- 
tion and synthesis the author lays himself open to criticism only 
for the modesty with which he consistently refrains from attempt- 
ing anything of the sort. 

In the admittedly difficult task of arrangement and organiza- 
tion of subject matter the author has permitted his projected out- 
line to result in some rather gruesome dismemberments of topics 
that, in the reviewer’s opinion, should have been highly integrated 
at all costs. By way of example, a section entitled ‘‘Bond 
Energies’’ occupies the greater part of pages 139-43 in Chapter 
VI (‘‘Some Contributions from the Field of Chemical Physics,’ 
pp. 133-87). The opening discussion would lead the student to 
believe that “‘bond energies’? may be expressed in terms of AH 
values. Too little emphasis is laid on the fact that Pauling’s so- 
called ‘“‘bond-energy values,’’ reproduced on page 141, include 
kittens of such radically different breeds as H—H and I—I on the 
one hand and C—H and C—C on the other. The former may be 
expressed in terms approximating pure potential energy values; 


for the latter this was not even attempted. On page 142 Kistia- 
kowsky’s data on the heats of hydrogenation and bromination are 
cited as indicating that there may, after all, be something a trifle 
smelly about the postulate of ‘‘constant bond-energy values,” 
although nothing is said of the even more cogent argument to this 
effect supplied by Rossini’s heats of combustion and derived 
energies of formation for hydrocarbons. 

The subject of bond energies crops up again, pages 290-300, in 
Chapter IX (‘‘Electron-Pairing Reactions,” pp. 259-310). On 
page 295 Baughan’s very proper criticism of Pauling’s adopted 
value for the vaporization of carbon, and the effect of more 
probable values of this quantity on Pauling’s C—H and C—C 
“‘bond-energy”’ values are mentioned. On page 297, in a footnote, 
the student is reminded of the distinction between AH and AF, 
and the practice of using AH values to implement AF arguments 
is criticized. At length, on page 300 some physicochemical evi- 
dence to the effect that primary, secondary, and tertiary C—H 
bonds differ appreciably in strength is adduced, but spectroscopic 
evidence (cf. Brackett, Barchewitz) and quantum-mechanical 
calculations (cf. Eyring) leading to the same conclusion are ig- 
nored. Nowhere is it pointed out that a relatively small difference 
in the values ascribed to methane and primary C—H bond 
energies would lead to the necessity for a relatively large upward 
revision in the value ascribed to an ethane C—C bond on the 
assumption that all C—H bonds are equivalent. 

The appendices (“I, An Elementary Exposition of the Theory of 
Atomic and Molecular Structure,” pp. 423-33; “II, Refractivity 
and Chemical Constitution,’ pp. 48444; “III, Dipole 
Moments,” pp. 445-8; “IV, Background for the Study of 
Nonaqueous Solutions,”’ pp. 449-60; ‘‘V, Table of Basic Princi- 
ples,” pp. 461-4; “VI, Table of Symbols,” pp. 465-6) should 
prove useful, especially to the student handicapped by limited 
physicochemical training. 

Your reviewer now fears that in the attempt to document his 
criticisms specifically he may have transmitted a less favorable 
impression than he, himself, holds of the volume under con- 
sideration. Frankly, your reviewer is your reviewer’s favorite 
author, and he can find so much to criticize in his own work that 
he never gets around to offering it for publication. 

Otto REINMUTH 


UNIVERSITY OF CHICAGO 
Cxicaco, ILLINOIS 


BIOCHEMISTRY FOR MEDICAL STUDENTS. Walliam Veale Thorpe, 
Reader in Chemical Physiology, University of Birmingham 
(England). Third Edition. The Williams & Wilkins Com- 
pany, Baltimore, 1943. viii +476 pp. 39 figs. 14.5 K 21cm. 
$4.50. 

Restrictions in the use of paper are said to have governed the 
size of this little book, but they have not “‘cramped its style”’ or 
usefulness, for here we have a beautifully compressed, fairly 
brief, fully modern presentation of the subject of normal human 
biochemistry. The preface to the volume gives a lucid and honest 
evaluation of it. ‘‘The aim of this book is to present an account 
of the biochemical processes known to occur in the healthy human 
body (supplementing recommended text-books of Physiology).” 
In this third edition ‘‘a considerable amount of new material has, 
however, been incorporated by rearrangement of the text. In 
response to frequent requests a short chapter on the Chemistry of 
Respiration has been added.” The author has ‘“‘tried to provide 
what the medical or dental student may want to know and to omit 
that which he is never likely to require.” 

A few of the features found helpful here are the thorough treat- 
ment of physicochemical principles involved in the behavior of 
water in tissues, the large and clear structural formulas, the use of 
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varied type fonts for emphasis and organization, photographs of 
absorption spectra of hemoglobin and derivatives, and the cogent 
treatment of such topics as purine metabolism. The chapters on 
food and nutrition are significant because of the way in which they 
present the subject from the viewpoint of the inhabitants of the 
British Isles. The problems of supply, cost, and rationing are 
excellently set forth, from the standpoint of economics as well as 
protective nutrition. 

A brief appendix summarizes data on blood, urine, and nutri- 
tion, and presents a rather complete ‘Conversion Table for 
Weights and Measures.”” Of the 95 publications listed in the 
bibliography the majority are, of course, of British origin, so that 
if this text were the exclusive selection for a class in our country, a 
supplementary and parallel list of American literature would be 
helpful. Aside from the presentation on page 304 of detoxicated 
benzoic acid in glucosidic union with glucuronic acid instead of as 
its ester, no errors have been detected. The newer ideas of inter- 
mediary metabolism are hospitably included as possibilities with 
a typically English gallantry. The effects of the war in slowing 
the interchange of professional publications are shown in minor 
instances where the book is not strictly up to its dating, from the 
viewpoint of American research. The use of diphthongs in such 
words as ‘‘haemin”’ and “‘oestrone,’’ and consistent “‘labour’”’ and 
“honour,” rather than confuse the reader, give him a ‘‘flavour’’ 
with his chemistry, and a diversion from his often flat American 


dialect. Davip LYMAN DAVIDSON 


MIDDLESEX UNIVERSITY 
WALTHAM, MASSACHUSETTS 


LABORATORY MANUAL OF EXPLOSIVE CHEMISTRY. Allen L. 
Olsen, Instructor of Chemistry, Kansas State College, and 
John W. Greene, Head of Department of Chemical Engineering, 
Kansas State College. John Wiley & Sons, Inc., New York, 
1943. vi+ 106 pp. 8figs. 13.5 X 21.5cem. $1.75. 

This is a manual for use in connection with the laboratory part 
of a short course in explosives such as might be given, in an ordin- 
ary college laboratery with but very little extra equipment, as 
part of the Engineering, Science, and Management War Training 
Program. It contains about the minimum of directions and in- 
formation, and is not sufficient by itself without an instructor to 
work beside the student and without lectures to interpret and to 
explain the directions. 

The several chapters deal respectively with: I, Safety; II, 
Propellants, Raw Materials; III, Propellants, Nitrocellulose, and 
Smokeless Powder; IV, High Explosives; and V, Primers, 
Igniters, and Initiators. An appendix discusses sampling. 

Safety precautions are discussed adequately, but no very 
dangerous experiments are described. Some might think that 
more explosive experiments ought to be included in the course, 
say, the lead plate test of detonators and determinations of ex- 
plosion temperatures, of sensitivities in the drop test, and of 
velocities of detonation by the Dautriche method. Such experi- 
ments would supply interest—and discipline. Also lacking from 
the book are chemical experiments with the lesser-known ex- 
plosives, and instructions in the art of becoming acquainted with 
the properties of an explosive concerning whose peculiarities one 
has not been informed in advance. 

The book contains clear directions for the laboratory de- 
terminations usually made upon the powders and explosives 
which are in common use by the U. S. Army and Navy, and it tells 
what the specifications are for these materials. But the book does 
hot in general explain the chemistry which is involved in the de- 
terminations or in general tell why the specifications are what 
they are. These matters presumably are covered in the lectures 
which accompany the laboratory course. The chemistry is im- 
mutable, let it be remembered, but the specifications are subject 
to change and represent compromises between two variables, be- 
tween what is desired and what may be secured economically on 
an industrial scale. TENNEY L. Davis 


NoRWELL, MASSACHUSETTS 
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CHEMISTRY MapeE Easy. Volume One—THE THEORY oF IN- 
ORGANIC CHEMISTRY. x + 184 pp. Volume Two—ELE- 
MENTS AND COMPOUNDS IN INORGANIC CHEMISTRY. vi + 
232 pp. Volume Three—THE ALIPHATIC AND AROMATIC 
COMPOUNDS OF ORGANIC CHEMISTRY. vi + 256 pp. Volume 
Four—CHEMICALS OF COMMERCE. viii + 542 pp. Cornelia 
T. Snell and Foster Dee Snell. D. Van Nostrand Company, 
Inc., New York, 1943. Each vol. 14 X 20.5cm. Illustrated. 
$7.95 per set. 

According to the preface, these books are designed for the 
‘‘man or woman who wishes a well-rounded scientific education 
by home study without a teacher.’”’ The authors have avoided 
a stiff and rigorous textbook treatment of chemistry by humaniz- 
ing the subject with illustrations from everyday life, putting 
“first things first,’’ and progressing step by step until this objec- 
tive has been accomplished. The theory and underlying prin- 
ciples of chemistry are covered in volume one. Simple experi- 
ments are discussed which may be performed by the reader. 
Each chapter is concluded by a set of test questions and each 
volume contains a final examination. 

Volume two continues the study of chemistry by introducing 
the more important elements and compounds, while volume 
three is devoted to organic chemistry. The last volume differs 
from the first three in that it is more of a reference book containing 
a list of industrial chemical and commercial raw materials. 
It is included in the set that the reader may have at hand an 
informational volume on the usefulness of materials. Excellent 
glossaries are a part of each text. 

The reviewer has found the style of these books such that the 
reader will enjoy his home study and will come away with a 
clear-cut picture of this interesting field of science and a definite 
amount of knowledge. 

GRETA OPPE 


Bait HicH ScHOOL 
GALVESTON, TEXAS 


Orcanic Cuemistry. William T. Caldwell, Temple University, 
under the editorship of Herman T. Briscoe, Indiana University. 
Houghton Mifflin Company, Boston, 1943. x-+ 763 pp. 15 X 
23.50em. $4.25. 

This book has been written with the purpose of providing in 
one text an adequate treatment of organic chemistry for the be- 
ginning student, and is designed to carry one who has a knowl- 
edge of general inorganic chemistry to a point where he can 
profitably use advanced texts dealing with specialized topics and 
the original literature of organic chemistry. F 

The author’s point of view is reflected in the editor’s introduc- 
tion. ‘The student of organic chemistry finds a vast collection of 
information ... if his study is to be comprehensive in scope. It 
is no longer possible to place before him a simple outline . . . the 
author need not apologize .. . for the quantity of material that he 
has provided.’’ The author’s treatment is comprehensive, the 
book being of much greater length than the average introductory 
text. It is comparable in number of words to Whitmore’s 
“Organic Chemistry,’ though written in textbook style rather 
than in an attempt to make of it another ‘‘one-volume Beil- 
stein.” 

It is easily read, and the degree of advancement of the student 
is kept in mind. However, because of its very scope and detail, 
it definitely needs considerable ‘‘teaching.”’ Without this, even 
the good student might become bogged down by the wealth of 
material offered. It would be a better first text for those teachers 
who believe in a very comprehensive full-year course for seniors 
than for those who prefer that undergraduate organic chemistry 
be given in two years. It is only fair to the author to say that 
the reviewer happens to prefer the latter plan, believing in a first 
broad course in fundamentals followed by a second course of 
greater detail. 

The coverage of the book is excellent. Few topics, indeed, 
which an undergraduate should study are not well covered. 
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Essentially all of the reviewer’s favorites were found in the index, 
which is excellent and is of approximately 3500 lines. An ex- 
ample of the detail of the text is the treatment of acetoacetic 
ester, covering over 17 pages. In the index under this topic are 
found the following headings: Acetoacetic ester, 185-202; 
acylation of, 197; alkylation of, 193-6; enol-keto forms, 188-92; 
ketal, 196; ketone and acid hydrolysis, 192; preparation of, 186, 
206; reactions of, 187, 193; structure, 186; tautomerism, 192, 
194; theories of mechanism of formation, 197-201; use in syn- 
thesis, 193, 250, 258, 639. 

On the theoretical side relatively full treatment is given such 
topics as the coordinate bond, parachor, dipole moments, aro- 
maticity, the fine structure of naphthalene, etc. In spite of the 
wealth of detail offered, if one attempts to point out one or more 
topics which might be covered more fully for a balanced treat- 
ment, perhaps further discussion of the Perkins reaction and the 
side reactions occurring in the use of the Grignard reagent might 
be desirable. 

A chapter is included on the literature of organic chemistry. 
This is a feature seldom found in introductory texts and yet most 
chemists will agree with the author’s statement that ‘‘the im- 
portance of acquiring the habit of recourse to the varied and ex- 
tensive literature of chemistry can scarcely be overemphasized.” 

OSBORNE R. QUAYLE 


Emory UNIVERSITY 
Emory UNIVERSITY, GEORGIA 


DRYING AND DEHYDRATION OF Foops. Harry W. Von Loesecke, 
Senior Chemist, U. S. Department of Agriculture, Washington, 
D. C. Reinhold Publishing Corporation, New York, 1943 
302 pp. 64figs. 82tables. 15 X 23cm. $4.25. 


This is a very useful book for those engaged in dehydration of 
foods for the military forces and Lend-Lease, as it contains much 
advice and information on equipment and processes. The au- 
thor is well qualified by his recent research experience in the U. S. 
D. A., Western Regional Laboratory. It is rather highly con- 
densed and hence serves better as an operating manual than as a 
textbook. 

In a field of technology that is undergoing such rapid changesand 
progress as a result of current research and development by many 
agencies, it is inevitable that soon after issue the book will lack 
some important data. For example, the sulfiting of vegetables for 
dehydration in order to protect them against harmful oxidative 
losses in flavor, color, and vitamins is now coming into promi- 
nence, but is not covered in this book. 

In the chapter on types of dehydraters practical information 
precedes theory, and theory is covered rather briefly. In most 
publications theory is presented first, but perhaps for the prac- 
tical operator the author’s sequence may be the better. 

The reviewer might mention a few points on which he differs 
from the author or that appear to him to bein error. . The author 
states that floor kilns dry food slowly. Asa matter of fact, those 
used for apples in the Pacific Northwest dry quite rapidly; e. g., 
requiring only 6 to 61/2 hours to dry apples, which time compares 
very favorably with that in other dehydraters. Incidentally, 
most kilns for apples in California and Washington are equipped 
with fans to increase the rapidity of air circulation, a fact which 
the author does not stress. In the drying of berries the author 
omits use of SO, to protect color and flavor; the reviewer finds 
such treatment very desirable. The impression is given that 
pears are dehydrated commercially in important amounts. In 
so far as the reviewer is aware this is not the case, at least in the 
West. The proportion of the raisin crop that is dehydrated is 
not about 30 per cent as indicated by the author, but normally is 
less than 15 per cent. The method for SO, assay on page 259 
gives total SO2., not merely the free, if the reviewer understands 
the directions correctly. 
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It is our belief that the directions for refreshing of dried vege- 

tables should be more specific; e. g., volume of vegetable to vol- 
ume of H,O for refreshing would be more useful than the present 
directions. However, this is a fault found in other publications 
also. 
In the section on dehydrater types it is mentioned that 50 to 
75 per cent of the air may usually be recirculated. This condition 
would be satisfactory for prunes, but not for rapidly drying prod- 
ucts such as cabbage and apples where little to no recirculation is 
advisable. 


The partial list of patents in the appendix is useful, although it | 


would be more so if a few of the more important patents had been 
briefed or summarized, and if the titles had been somewhat more 
descriptive. 

On the whole, the reviewer does not find that the errors are 
serious or numerous. On the contrary, he recommends the book 
to dehydrater operators and students of food technology as a 
most useful guide and source of information. The lists of ref- 
erences at the ends of several chapters are valuable to those who 
wish to refer to the original source material or who wish details 
not presented in the book. : 

W. V. CrUEss 


UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


ENCYCLOPEDIA OF SUBSTITUTES AND SYNTHETICS. Morris D. 
Schoengold, Editor. Philosophical Library, Inc., New York, 
1943. 382pp. 15 xX 23cm. $10.00. 


This encyclopedia has the scope of a chemical dictionary for 
industry applied specifically to the field of synthetic resins, 
plastics, and substitutes. The trade names of the resins and 
plastics are up to date for the moment, and these substances 
are described as completely as can be expected for products 
covered by patents. The selection of organic and inorganic com- 
pounds covers the field chosen in an arbitrary fashion although 
the book is not cramped for space. The volume will be useful 
for the manufacturer since physical properties, solubilities in 
common solvents, and uses are described, and possible substi- 
tutes for wartime needs are given for many materials now dif- 
ficult to obtain. This last is the book’s only important distinc- 
tion from other cheaper and more comprehensive dictionaries 
now available. 

The reviewer found in cross references all the synonyms used, 
which is commendable. It contains an index of trade names 
with the companies which make them, and a short subject index. 

Condensed structural formulas for organic compounds could 
have been given without using more space. The few which are 
given lack clarity because the common methods of the organic 
textbook are not used uniformly and too large a percentage are 
incorrect, e. g., vanillin, formaldehyde, ethyleneglycol, lactic 
acid, and isopropyl ether. The naturally occurring and syn- 
thetic camphor formulas are written in different ways without 
showing the real distinction. Acrylonitrile is the only com- 
pound found by the reviewer containing a double bond which is so 
indicated. Antimony oxide (wrong formula) is distinguished from 
antimony trioxide without any given reason. Nitrolim (mis- 
spelled) is printed twice and defined as two different chemicals 
on the same page. 

Chemists and Victory Gardeners will probably cast doubt on 
the reliability of the entire encyclopedia when they see the 
following astonishing statement credited to the Ministry of 
Agriculture in England, ‘common salt may be substituted for 
potash as a fertilizer.” 

The price is inflationary. 

LEALLYN B. CLAPP 


Brown UNIVERSITY 
PROVIDENCE, RHODE ISLAND 
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Editors 


wr here we are again, settled down to consider 
the potential supply of new chemists to industry 
and research. By the time this appears in print our 
educational institutions will have had some experience 
with the new provisions for the occupational deferment 
of technical students, the plan which proposes a na- 
tional quota of 10,000 students deferred by Selective 
Service for training in the technical fields of engi- 
neering, chemistry, physics, geophysics, and geology. 

Some such plan has seemed inevitable for a long time, 
being a compromise between several points of view. 
It is probably not for us to quibble over the distribution 
of men between the various fields, since this has been 
established by the National Roster on specifications 
from ‘“‘higher up.” Of course, we think that the 2250 
allocated to chemistry—which should provide about 
1000 graduates a year—are far from sufficient, but, 
after all, there isn’t a sufficiency of anything in these 
days. 

Nevertheless, it seems worth while to point out some 
relations between the ‘‘combat’” and ‘“‘production”’ 
armies. By its own admission the Army is somewhat 
over-officered. Not only have a good many older 
officers been discharged to civilian life but training in 
the Officers Candidate Schools is said to have slackened 
to the point of providing merely for replacements. 
But there is no evidence that the ‘‘production army”’ 
is over-officered. In fact, reports from such sources 
as the Rubber Director, for instance, emphasize that 
a serious bottleneck in the production programs is the 
shortage of manpower, including direction and manage- 
ment. Furthermore, research organizations such as 
the O.S.R.D. are hunting everywhere for chemists. 

We should be concerned, however, over the possi- 
bility that the new setup may not offer any more as- 
surance of certainty than any of the preceding. In 
other words, certification of a student by the National 
Roster is a mere suggestion to the Local Board, which 
is still left to follow its own inclinations. Of course, 
the appeal mechanism may work this out in the end, 
and experience will show whether it can be depended 
upon to fulfill the expressed purpose. 

We have gone a long way from the well-meant 
intention of the Selective Service Act. The Local 
Board, instead of being an agency to determine the 
capacity in which each man can best serve his country, 
has become a sort of truant officer to corral young men 
for the armed services. The only question apparently 
under consideration is: ‘“‘Who has to go to war first?” 
If we have the right to tell one man that he must go 
to war we certainly should have the right to tell another 
that he mustn’t. But we aren't doing it. We have yet 
to hear of one good case of a man who wanted to 
volunteer but was prevented because he was more 
valuable elsewhere. And there are plenty of whom 
this has been true. 

Industry will need ‘‘replacements” too, although its 
casualties are not like those in the military field. We 
don’t think 1000 chemists are enough, but will be 
happy for even that many—if we get them. 


Outlook 


Many feel that industry can get along with what it 
has for a year or so and by that time it will all be over. 
But the Services are not taking such a short-time view. 
Their training programs look forward for several 
years—why shouldn’t industry do likewise? 

There was a feeling in many quarters that the Army 
and Navy college training programs (ASTP and NCTP) 
would solve the problem of trained workers for in- 
dustry. There must have been some encouragement 
for the fond hope that the Services would train men 
and then return them to the industries for civilian 
work. But the believers in this possibility were well 
disillusioned at the last October meeting of the Society 
for Promotion of Engineering Education, where the 
ASTP and NCTP were discussed at some length by 
those responsible for them. The question was asked 
whether the Services had any such intention and 
Lieutenant Colonel T. D. Palmer, Jr., Deputy Director 
of ASTP, answered as follows:! 

“Primarily, of course this isan Army program. The Secretary 
of War, I think, on April 17 made an informal statement that a 
certain percentage of these soldiers that were limited service 
might be used in that capacity. We are now transferring a 
very few to war industries.... There have been a handful or 
so of these soldiers who previous to August 1 were designated 
as ‘Limited Service’ men. As you may or may not know, 
‘Limited Service’ was eliminated according to Circular 161 on 
August 1. The whole plan of transferring ASTP graduates to 
war industry is receiving very active consideration. It involves 
the utilization of not only Limited Service men but the General 
Service. That is being studied very carefully now. We might 
get a decision any day and we might not. Until we do we are 
not going to send back any great quantity.... We area service 
agency. We train according to the needs of the Army. If the 
General Staff and the Secretary of War decide we are going to 
give 5, 10, or 15 thousand soldiers to war industries they will 
tell us that.” 


Dean Joseph W. Barker, Assistant to the Secretary of 
the Navy, added: 

‘‘We went up on the Hill to the Congressional Committees 
concerned and we were told very definitely and positively that 
the Navy College Training Program was to train men for the 
Navy and not for industry and that we were not to put in any 
‘Limited Service’ classification to handle that and so, conse- 
quently, there will be no men in the Navy V-12 unit detailed to 
go to industrial organizations.” 

Another question involving the Service Training 
Programs which is not generally understood, even by 
those who are in them, is their main purpose and 
objective. At the same meeting referred to above, the 
question was asked: “Are we training primarily to get 
these young men ready for officer schools or are we 
training them for skilled technologists?’ Colonel 
Palmer, in answering this, said: 

“The program, when it was first envisioned, was undoubtedly 
to train mainly for officers. Then, our casualties, junior officer 
casualties, were much less than we anticipated. In addition to 
that the crop from the O.C.S. schools was big. ... Suppose as 
we move up through Italy enormous casualties are received. 
These boys are going to have much more chance for officers’ 
schools than you think now.” 


(Continued on page 110) 
1 J. Eng. Education, 34, 318 (1948). 
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Chemical Substitutes—War and Postwar 


NA RECENT discussion of this subject, Mr. William Howlett 
Gardner, Chief of the Chemical Materials Branch, Con- 
servation Division, WPB, made some interesting observations. 
Although war’s demand for raw materials has often exceeded 
our supply, our development of alternate substances and proc- 
esses has made it possible for American industry to maintain 
production at a steady pace. 

Although ‘they were originally adopted as an emergency 
measure, many of the substitute materials: have proved so 
successful that they will have a lasting effect on postwar pro- 
duction. 

The part that chemical substitutes played in providing new 
materials when our foreign sources of supply fell to the enemy 
is well known. Their effect on our shipping program, however, 
is not generally recognized. If it had not been for our ability to 
interchange many domestic materials for unobtainable foreign 
imports, our military supplies would have been seriously limited. 

Wide publicity has been given one of the largest chemical 
substitute programs—that of synthetic rubber. Many of the 
synthetic rubbers have physical and chemical properties, which, 
for certain uses, cannot be matched by natural rubber. In 
specialized military uses the demand for certain types of these 
rubbers has been as great as for natural rubber. 

Nylon, another chemical substitute, has replaced silk for 
most military applications, freeing our limited stocks of natural 
silk for use where no effective substitute is available. At first, 
nylon bristles were used as a substitute for hog bristles, which 
have been a particularly troublesome problem in view of the 
great need for paint brushes in coating ships. However, mili- 
tary demands for nylon textiles have placed limitations upon 
its use for this purpose, making it necessary to supplement our 
bristle stocks with hog bristles flown out of China, and with 
horsehair. Recently, however, the Eastern Regional Labora- 
tories have developed a casein fiber which holds great promise 
as a substitute. 

The loss of the major source of supply for copra and palm oil 
has resulted in the use of synthetic detergents in the production 
of salt water soaps. With these synthetic substances the Armed 
Forces were able to carry out washing operations that might 
have been impossible with high lauric acid types of soap. Asa 
result, it has been possible to allocate limited quantities of high 
lauric acid oils for civilian needs. Tremendous savings in 
shipping bulk and weight have also been effected through the 
use of these synthetic materials. 

Linseed oil requirements have been met by developing a large 
American flax crop. Thus, we have been able to serve not only 
prewar uses such as linoleum and paint, but also to furnish a 
new source of food supply for our Russian allies. The Govern- 
ment purchased vast quantities of linseed oil for this latter 
purpose. Contrary to what one might surmise, linseed oil has 
proved to be a suitable substitute for other scarce oils used in 
shortening. 

Japanese blockade of Calcutta, the sole port of export for 
shellac, would have seriously handicapped the war effort if it 
had not been for the development of highly improved spirit 
varnish replacements. Today several importers are selling 
more of the substitute than they ever did of shellac varnish. 

The development of synthetic wool is already relieving the 
shipping strain on natural wool imports. Several large synthetic 
cryolite plants were constructed at the beginning of the war as a 
security against German submarine action’s cutting off our supply 
from Greenland. Plywood has partially relieved the demands 
for mahogany from Central America and Africa. Plastics 
replaced aluminum when the Caribbean submarine menace 
made bauxite importation difficult. These are but a few of the 


endless number of important examples which can be cited as 
having played a part in getting supplies to our Armed Forces. 
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Needless to say, agencies such as the Office of Economic 
Warfare have been scouring countries to our South, as well as 
all parts of the world outside of enemy hands, seeking new sub- 
stitutes to augment those we have been able to produce domes- 
tically. The discovery of Garcia nuts in Mexico and South 
America will some day give us new drying oil even superior to 
tung oil for paint and varnish manufacture. Foresight in 
establishing the tung oil industry before the war in Florida, 
Mississippi, Louisiana, and Texas despite the cheap labor of 
the Orient, has yielded encouraging returns. Until the Burma 
Road is again opened we are entirely dependent upon domestic 
supplies of tung oil and synthetic substitutes. 

We have been surprised to find in how many instances the 
substitutes have proved superior to the materials commonly 
used. This is partially due to advances in technology and im- 
proved methods of fabrication and partially to unique properties 
of the substitute materials not fully appreciated before the war. 
For example, in developing a plastic bugle to conserve brass, 
it was found that even at Arctic temperatures the new instru- 
ment can be blown without warming up the mouthpiece. 

Military raincoats and other protective articles made from 
textiles coated with vinyl resins are much lighter than anything 
ever made with rubber. Now that synthetic rubber is avail- 
able for such purposes, new problems arise in trying to match 
the properties of the nonrigid plastics! 

Similarly, laminated wood bonded with synthetic resin has 
all the necessary properties of the metals for certain uses for 
which it was substituted. Corrosion is not a factor in using 
wood. Hence, there will be little tendency to revert to metals 
for such applications even if metals become more readily avail- 
able than plywood. 

Clothing treated with water repellants was originally developed 
as a means for saving rubber. Such garments permit greater 
ventilation through the clothing than the ordinary types of 
waterproof garments. It has been found that troops will 
abandon raincoats in favor of moisture-proof clothing in the 
tropics even during the monsoon season. 

The postwar consequences of these substitutions upon in- 
dividual industries will not be as serious as might appear from 
the above. Competition from new substitutes is a common 
occurrence under a peacetime economy. If we can judge from 
what has taken place in the past, the nation need have no par- 
ticular fear of the impact of these war measures. The introduc- 
tion of substitutes under a normal economy invariably serves 
to expand an industry to the extent that there is an increased 
rather than a decreased demand for the original material. Cer- 
tain wartime replacements for individual end uses may well be, 
therefore, complete and permanent, but new uses for the older 
materials will more than compensate for these losses. Time 
and time again, research has supplied the answer to maintaining 
a balanced economy. 

Take, for example, the shellac industry. In 1900, shellac 
moldings were introduced as a substitute for hard rubber for 
electrical insulation. Shellac at that time was much lower in 
price than rubber. Although this development might have had 
an initial adverse effect upon hard rubber production, the 
rapidly expanding field of electrical applications increased the 
demand for both rubber and shellac. 

. Baekeland developed phenol-formaldehyde resins in 1908 
‘as a substitute for shellac for the same purpose. What was 
the net result of this development? The new synthetic resins 
were found to have rapid thermosetting properties not possessed 
by the imported material. This led to the development of a 
large new field of molded organic plastics and to expanded uses 
for shellac. For although shellac could not compete with 
phenolics for certain applications, it was soon found that no 
other material would serve as insulation for high-voltage trans- 


mission. 
(Continued on page 129) 
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Ernst von Meyer (1847-1916) 


RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


SURVEY of the general histories of chemistry re- 
veals that strikingly few have appeared. Fur- 
thermore, the additions to the list are becoming in- 
creasingly rare. What the future will bring is problem- 
atical, but in all likelihood there will never be another 
work comparable in scope to Kopp’s ‘‘Geschichte der 
Chemie.” The material is broadening and lengthen- 
ing too rapidly; its bulk has become too great to be 
mastered by anyone except a near-genius. Probably 
the subject matter will have to be treated in sections 
by specialists. It must also be remembered that his- 
tory of chemistry is actively prosecuted by few chem- 
ists and then only as an avocation.! 

Among the late works that can rightfully be con- 
sidered to be fairly complete is von Meyer’s ‘‘History 
of Chemistry, from the earliest times to the present.” 
The first edition (466 pages) appeared in 1888, the third 
(616 pages) in 1914. The English translation, by the 
author’s student, George McGowan, went through five 
Mendeleeff put out a Russian translation; 


the Italian translation was made by Gina. 
In his autobiography? von Meyer tells that his long- 
contemplated plan to write a history of chemistry was 


translated into action by the necessity of finding relief 
from his grief over the death of his little son. In 1914, 
near the close of his life he wrote: “I wish once more 
to stress the debt I owe to historical studies. They 
force one to enter deeply into the line of thought of 
great investigators. Most of the hypotheses invented 
by such men to explain or connect chemical facts 
have only a transient existence in the structure of 
chemical thought. “But a portion of such ideas sur- 
vives almost invariably, particularly if they have 
evolved out of earlier views and have been developed 
in connection with them... . I am probably not far 
| wrong when I assume that any scientific honors that 
have come to me are due mostly to my activities in the 
field of the history of chemistry.” Time has shown 
this estimate to be correct. Von Meyer is remem- 
bered now for his ‘‘History of Chemistry,” rather than 
| because he was a good teacher, a fairly successful or- 

ganic chemist, an efficient editor, and author of mono- 
graphs on technical chemistry. 

Ernst von Meyer was born on August 25, 1847, at 
Cassel. For many generations the men of his family 
had been jurists, civil servants, and clergymen. His 
father was an important official in the service of the 
Elector. The boy early showed a good mental en- 
dowment; also his excellent talents on the violin were 
fostered by competent instruction. His father was 


1 See BuGGE, THis JOURNAL, 9, 1567 (1932). 
* von MEyer, “‘Lebenserinnerungen,”’ Leipzig, 1918. 


sent on a mission to Paris and took the boy with him so 
that he might secure a good foundation in the French 
language and culture. About this time von Hum- 
boldt’s books fell into his hands; they were devoured 
with boyish enthusiasm. He resolved that he too 
would become a great scientific traveler. When his 
father was sent to Frankfurt a. M. he again was taken 
along. Here he heard Kohlrausch’s lectures on phys- 
ics and these strengthened his determination to make 
science his life-work. 

Von Meyer entered the University of Leipzig in 1866. 
He soon decided to become a chemist. The dominant 
factor in this choice was Kolbe, who was at the height 
of his powers. The student and the eminent professor 
became well acquainted because Mrs. Kolbe was re- 
lated to the von Meyers, and Ernst was a welcome guest 
in the Kolbe home, where he and the nine-year-old 
Johanna frequently played duets. Excellent as Kolbe’s 
lectures were, he believed that really effective chemical 
teaching could be done only in the laboratory. He did 
not permit the students to use printed schemes of 
qualitative analysis. They received oral instructions, 
and after carrying out the reactions were required to 
construct their own tables on the basis of the observa- 
tions. Kolbe was insistent that the students under- 
stand what they were doing and they were few enough 
so that he could quiz them personally quite often, 
though naturally his assistants did the bulk of the labo- 
ratory instruction. 

Kolbe had been Bunsen’s assistant at Marburg; 
he admired him; they were close friends. After von 
Meyer had spent three semesters at Leipzig, Kolbe 
advised him to transfer to Heidelberg to get the bene- 
fits of at least one semester under Bunsen. Here he 
progressed in quantitative analysis and learned Bun- 
sen’s specialties: flame reactions and glass working. 
He also attended Kopp’s lectures on the history of 
chemistry. ‘Though they were as dry as his book, 
whose contents are so outstanding, they none the less 
stimulated me and contributed considerably to foster- 
ing my interest in the development of this science.” 

After a year of compulsory military training (artil- 
lery), von Meyer returned to Leipzig with his mind 
made up to go into organic chemistry. The lectures 
of Graebe were in great contrast to those of Kolbe, who 
still adhered to the Berzelian dualistic viewpoint and 
the theory of radicals while the young dozent presented 
the ‘modern Kekulé doctrines.’’ ‘This twofold treat- 
ment was of tremendous advantage to me. I thus 
learned the exact course of the development of theo- 
retical chemistry since the time of Berzelius, and so could 
easily read the earlier papers and books with their 
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strange formulas, which most chemists of today find 
either impossible or quite difficult to follow.... Kolbe 
once said: ‘It is greatly to be desired that the chemical 
youth of today devote themselves sympathetically 
and without preconceived opinions to the study of the 
development of chemistry’ because, as Goethe wrote: 
“The history of a science is the science itself.’”’ On 
his advice I read the classic papers of Berzelius, Liebig, 
and Bunsen. He considered Bunsen’s style the best of 
all the German chemists.” 

In July, 1870, von Meyer was called to the colors. 
He served through the Franco-Prussian war, and was 
awarded the Iron Cross, second class, for distinguished 
service under fire. He returned to Leipzig in April, 
1871. Kolbe, an expert on Bunsen’s methods of gas 
analysis, taught von Meyer this technique. His doc- 
toral dissertation on the gases enclosed in coals was ac- 
cepted in 1872. 





In KOLBE’s LABORATORY, LEIPZIG 
In its time, this was considered one of the finest teaching 
laboratories in the world. 


Kolbe offered the young Ph.D. an assistantship and 
thus solved the difficult question: ‘‘academic or indus- 
trial career?’ In 1874, von Meyer qualified as privat 
dozent; his habilitation lecture was entitled, ‘“The origins 
of the chemical atomic theory.’”’ His first independent 
lecture course, ‘‘Chemical Theories,’ dealt with their 
genesis and significance. He also lectured on indus- 
trial chemistry. His first book was “Fireworks and 
Explosives.” In 1876 he married Johanna Kolbe. 

A revision and completion of Kolbe’s large text on 
organic chemistry was largely von Meyer’s product. 
He also aided his father-in-law in editing the Journal 
fur praktische Chemie, a thorny task. Kolbe had an 
obsession for the truth as he saw it. He would not 
accept the type and structural theories; he firmly be- 
lieved that the teachings of Kekulé, Baeyer, Wurtz, 
etc., were threatening to destroy the ‘‘true’’ chemistry. 
He scaldingly attacked the proponents of the newer 
views and earned their hostility. Von Meyer, peace- 









Surgical sutures of ‘‘spun glass’? are reported among the new developments. 
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loving, did all he could to bring Kolbe to use a milder 
tone, and acrimonious debates enlivened their editorial 
conferences. When Kolbe’s health began to fail, he 
delegated more and more of his duties to von Meyer— 
not only his lectures, but also the business management 
of the department. Even the doctorate candidates 
were sent to him for advice. Consequently, von Meyer 
had a potent influence in the development of such men 



















































as Beckmann, Curtius, Ost. - 
Kolbe died in November, 1884, and von Meyer was [ 
made temporary head of the laboratory. He also took : 
over the editorship of the Journal fur praktische Chemie, ! 
largely as a tribute to Kolbe’s memory. The prestige als 
of this periodical had suffered greatly because of Kolbe’s \ 
intolerance of the newer schools of thought. Von Meyer =a 
nursed it back to health. Through this position, which aad 
he held until his death, he came into close contact with gau 
most of the prominent chemists of the day. fact 
Kolbe’s successor was appointed in 1887. It was B ™¢ 
none other than Wislicenus, whom Kolbe had casti- tain 
gated, particularly for his championship of van't — °4 
Hoff’s views on stereochemistry. Naturally, Wislice- — 4 
nus was anxious to remove all reminders of the Kolbe BW 
régime, and after three semesters von Meyer and his f PS! 
colleague, Weddige, resigned. They opened a private Ff 6% 
teaching laboratory nearby; it prospered despite the f CUS 
covert opposition of Wislicenus. Excellent research coat 
came out of this modest establishment, which in 1887 free 
had places for seven students and in 1894, when it B %™ 
closed, for twenty-nine. the 
In the organic field, von Meyer’s chief successes B °° b 
were with the cyanalkines. He also discovered and — ™® 4 
studied extensively the dinitriles. In 1892 he was a cal 2 
delegate to the Geneva conference on the reform of the to Ie 
nomenclature of organic chemistry. He collaborated —_— 
with Kolbe in studies on the applications of salicylic W 
acid, especially as a food preservative and in medicine. 
For about nine months, they ingested one grain per day _Th 
to demonstrate the harmlessness of this compound, silk v 
whose synthesis has done much to keep the name Kolbe § . Th 
in the modern textbooks. Increased use of salicylic B'S ! 
acid made its production a profitable business; Kolbe, polyt 
and later his family, derived an excellent income from diam 
the factory that was commercializing his discovery. = ™ 
Von Meyer was not entirely happy in his anomalous = 
position and in 1893 without hesitation, accepted a call solub 
to the chair of organic chemistry in the technical uni- er 
versity at Dresden. This last chapter in his life wasa Fy " 
pleasant one, but his activities were mostly confined to Mi Py 
internal educational affairs. However, he and his ar 
student (later assistant) Lottermoser studied the be- pa 
havior of colloidal silver. From this work came the 999° , 
brilliant idea of using it (Collargol) in the treatment of fo 
. ‘. or tv 
septic diseases. A further development was the open- The 
; : : : er 
ing of the important field of protective colloids. soften 
Emst von Meyer died at Dresden on April 11, 1916. Thi 
the m 
for fat 





Recent Chemical Patents 


WILLIAM S. HILL 


Member, Examining Corps, United States Patent Office 


Method of Producing Self-adhering Gauze Bandages 
No. 2,337,390. John A. Hincamp, et al., Lake 
Bluff, Illinois. 

This is just what the doctor will soon be ordering— 
also a new item for the first aid class. 

While self-adhering gauze bandages have been on the 
market for some time, their quality has not been such 
as to cause them to replace the usual nonadhering 
gauze bandages. This patent describes the manu- 
facture of an improved product. An ordinary open- 
mesh gauze bandage is run through a bath of latex con- 
taining an ammonia preservative. After all but a 
small quantity of the latex has been removed by 
squeeze rolls, the gauze is subjected to an air blast 
which removes part of the ammonia. The web then 
passes into a 1 per cent solution of acetic acid. Quick 
coagulation of the latex occurs and no scum forms be- 
cause the excess ammonia has been removed. The 
coated gauze is next treated in a water bath to remove 
free acid. Thorough rinsing also removes all of the 
serum or protein content liberated upon the setting of 
the latex in the acid bath. The product is described 
as being pure white and soft, and as having good keep- 
| ing qualities. It does not stick to skin or hair like surgi- 

cal adhesive tape, and to use it all that is necessary is 
to lap it on itself and gently rub the free end down. 

Interpolyamides. No. 2,336,824. Richard H. Wiley, 
Wilmington, Delaware. 

This is probably another step in putting the Jap 
silk worm out of business. 

The invention relates to the production of fiber-form- 
ing materials of the linear polyamide type by inter- 
polymerization of a mixture of two or more different 
diamines with one or more dicarboxylic acids, or of two 
or more dicarboxylic acids with one or more diamines. 
Products having high melting points together with good 
solubility and pliability are prepared by the present 
process. 

One example of the process is as follows: 76 parts 
by weight of hexamethylenediammonium sebacate 
having a pH of 7.30 and 124 parts by weight of tetra- 
methylenediammonium adipate having a pH of 7.25 
are heated in a sealed glass tube for two hours at 210° to 
220°C. The reaction product is then further heated 
for two hours at 255°C. under a 3- to 4-mm. vacuum. 
The resulting polymer is clear and tough and has a 
softening point of 199°C. 

This type of interpolyamide is of particular value in 
the manufacture of fibers, wrapping foils, and coatings 
for fabrics. 


Sensitive Material. No. 2,336,299. John Russell, 

Rochester, New York. 

We hope the F.B.I. knows about this paper which 
is both photosensitive and heat-sensitive. 

It forms metallic salts of the cellulose of the paper 
fibers, which are sensitive to heat, light, or electrical 
stimuli and are capable of having photographic images 
formed and developed therein. 

The paper is dipped in a solution of equal parts of 
concentrated sulfuric acid and water saturated with 
potassium dichromate. Dipping time is about 30 to 60 
seconds. After being washed free of sulfate and dried 
the paper is fairly sensitive to heat. 

The paper, which now has an oxidized surface layer, 
is then bathed in a metallic salt solution, such as 1 per 
cent silver or mercurous acetate. The time is not 
critical. This bath is given under dark room conditions. 
The resulting paper is much more sensitive and will 
show a legible mark from a stylus at 300°C. moving 
8 to 10 mm. per second. It also gives strong images 
with less than one minute exposure at a distance of 30 
cm. from a Cooper-Hewitt arc lamp. 

The paper may be used in industrial recorders which 
have heated styluses. 


Method for the Rapid Direct Analysis of Oxygen in 
Steel. No. 2,336,075. Gerhard Derge, Aspinwall, 
Pennsylvania. 

This patent should interest the analytical chemist. 
By this method, it is asserted, an analysis of oxygen 
in the melt may be made in five minutes. It is ap- 
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plicable to the control of the open hearth, Bessemer, 
or electric furnace process. 

A sample is taken from the steel bath with a small 
well-slagged spoon. The sample is rapidly frozen by 
being poured into a small split, wedge mold. This 
quickly stops the reaction between the carbon and 
the FeO. A 10- to 20-g. portion is taken off the lower 
part of the sample and placed in a fusion apparatus 
(Figure 1). In the apparatus an induction furnace 
surrounds the crucible assembly (Figure 2). The 























FIGURE 2 


sample is placed in the crucible, which is made of 
graphite and is surrounded by a graphite spacing 
shield. The apparatus is heated and evacuated, the 
crucible is raised to a temperature of about 1400°C., 
and the sample is manipulated into it. The carbon and 
oxygen in the sample react to form carbon monoxide, 
which is evolved along with a small quantity of hy- 
drogen and nitrogen, and collects in a reservoir. Here 
its pressure and volume are easily measured. 

It is stated that the method is so rapid that sampling 
and analyzing may be made and a deoxidizer added 
while the bath is still in a molten condition. 
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Vinyl Resin Phonograph Record. No. 2,335,986, 

Victor Yngve, Lakewood, Ohio. 

The supposedly good substitute for the shellac type 
phonograph disc may be welcome news for the home 
recorder. 

It makes use of a molding composition containing 
vinyl resin of the copolymer type, with substantial 
amounts of a soft abrasive, such as diatomaceous earth, 3 
and a vegetable charcoal. A wide variety of the | 
customary plasticizers, waxes, lubricants, heat stabi- 
lizers, and pigments may be included. The large pro- ff 
portion of filler reduces the cost. The use of vegetable [ 
charcoal keeps surface noise low. 


X-ray Contrast Composition. No. 2,336,022. Harold | 

H. Lefft, et al., New York City. 

This patent promises improved technique for obtain- 
ing x-ray photographs of delicate body organs. 

It describes the use of diiodo tyrosine which has the 
general formula 
IC=CH NH: 

Scr: CH 

\coou 


HOG 
\ic—¢H 


The compound is suspended in an aqueous colloidal [ 
vehicle such as a solution of gelatin. The composition 
may be injected into lungs, kidneys, sinuses, joints, [7 
cavities, etc. It is well adapted for neuro diagnoses F 
because it may be injected into the ventricles of the 
brain. The x-ray photography should be completed f 
within a few hours since the compound is absorbed and 
excreted through the kidneys. 


Composition of Insecticide Spray and Method of 
Making It. No. 2,335,862. Walter C. Klingel, 
Union, New Jersey. 

We should like to see this in the stores before the 
insects get the upper hand next summer. 

It uses unsymmetrical dibutyl urea or N,N-Di-n- 
butyl urea as a solvent for rotenone and its derivatives. 
Strong solutions can be prepared which are highly 
toxic to insect life. In the past it has been customary f 
for the average gardener either to dust the insecticide 
in powder form or spray in water suspension. Most 
known solvents which are not injurious to plant life 
do not dissolve rotenone to any extent. 


EDITOR’S OUTLOOK (Continued from page 105) 


When asked what percentage might be expected to 
go on from the basic into the advanced ASTP, he said: 


‘That depends on the demands from the Army and principally 
on the demands from the ground forces. They want a certain 
percentage of those who have completed their basic term. They 
are apparently quite short now in noncommissioned officers. 
It is quite likely that they may raise that percentage so that 
even more may be returned to the ground forces. . .” 


When pressed for a figure he said that originally 


about 40 per cent were expected to go on to the ad- 
vanced program, but that this might be reduced to 
around 25 per cent. 

Altogether, it was the clear result of the whole dis- 
cussion that the basic phase of the Training Programs 
may lead to officer training—but probably not in most 
cases—and that a relatively small percentage of trainees 
will go into the advanced phase, where there is any 
possibility of their becoming “trained technologists.” 
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A New Spiral Form of the Periodic Table 


EDGAR I. EMERSON 


Trinity College, Hartford, Connecticut 


HE PERIODIC chart should reflect the periodic 
law as accurately as possible. The many attempts 
to overcome the defects recognized in Mendeleeff’s 
table have resulted in various modifications oi essen- 
tially two types of periodic arrangements of the ele- 
ments—the discontinuous and the continuous. The 
continuous arrangements take the forms of plane 
spirals or spirals wound around cones or cylinders 
(5,7). These continuous representations of the elements 
appear to offer the most logical arrangement when 
considered from the point of view of the periodicity of 
the properties of the elements as well as from the point 
of view of the general features of atomic structure. 
While the continuous three-dimensional types of the 
periodic system of elements are the most nearly perfect 
they suffer by plane representation as on a printed 
page. The plane spiral seems to offer the most promis- 
ing form for portraying the periodic law in a two- 
dimensional diagram. . 


THE CONSTRUCTION OF THE SPIRAL 


The spiral is constructed as if the spaces assigned to 
the elements were elastic segments of a band which is 
spiraled to produce the form of the chart shown in 
Figure 1. Each of the segments occupies 18° except 
those for hydrogen, beryllium, magnesium, and the 
noble gases. The reasons for these exceptions are dis- 
cussed later. Two separations occur along the pe- 
tiphery of the loops of the spiral, each separation em- 
phasizing series or periods of different lengths. The 
first period contains two elements starting with element 


- number 0 and ending with number 1, thespaceallotted to 


hydrogen being spiraled around the apex of the wedge 
formed by the noble gases.1_ The second and third 
periods contain eight elements each, while of the re- 
maining four periods two contain eighteen, period six 
contains the rare earths, and period seven is incom- 
plete. 

The spiral was wound counterclockwise so as to pre- 
Sent the more familiar subgroups in the same order as 
in the conventional’ tables. With these the group 
numbers increase from left to right. 

The space of 54° was allowed the noble gases (a) to 
emphasize the fact that these elements are the pro- 
totypes of any given series, (b) to permit equal assign- 
ments of space, 18°, for the other elements and at the 
Same time have the A and B groups diametrically 

1 Element 0, possibly neutron, is considered as a noble gas. 
Because of its probable chemical inertness and extreme density it 


might not be detected in a sizable amount until some future 
Scientist succeeds in sampling the center of the earth. 


opposed? on the spiral, and (c) to emphasize the great 
difference in the properties of the groups immediately 
to the right and left of the noble gases.* 

The break between the periphery of the loops of the 
spiral along the spaces allotted to magnesium and the 
transition metals of the fourth period serves to indicate 
that beryllium and magnesium are not to be considered 
as a kind of prototype of these groups. In the same 


way the break between the spirals of periods 1 and 2 
shows that hydrogen is not to be considered as a kind of 
prototype of any of the groups other than IA and VIIA. 


THE A, B, AND C FAMILIES 


In order not to depart too far from the convention 
of lettering the subgroups or families the letters A and 
B have been retained. All of the subgroups designated 
by A contain elements formed when the newly added or 
“differentiating” electron‘ entered the outer shell. 
The outer shell of any series or period might be called 
the A shell. The B families contain the elements 
formed when the differentiating electron entered the 
next to outer shell which is designated as the B shell. 
Following the terminology used here the shell twice 
removed from the outermost is called the C shell. 
The rare earths are formed when the differentiating 
electron enters the C shell and, to comply with this 
terminology, the rare earth group might be called the 
C group. The basis for the nomenclature used here, 
which gives meaning to the subgroup letters, rests 
entirely on the manner in which an atom is formed from 
the preceding one. . 

The elements in the A groups are called the rep- 
resentative elements because, as Eble (2) states, they 
“include metals, nonmetals, inert elements, liquids, 
and gases.” The term, transition, is retained for the 
metals of the B groups because in that part of a series 
in which these elements are found there is a transition 


2In some of the author’s charts a space of 22.5° is allowed 
each group. With such an arrangement the A and B groups are 
diametrically opposed on the spiral but in periods 4, 5, and 6, 
Group VIIIB contains 3 elements all in the space of 22.5°. In 
other arrangements by the author a space of 20° is allowed as in 
Caswell’s spiral (1). The arrangement in Figure 1 is probably 
more similar to Caswell’s than to any other. Color on some of 
the author’s charts has been used to indicate similarities of the 
groups. 

3 The halogen group to the left is the most electronegative and 
the most nonmetallic, whereas the alkali metals group to the right 
is the most electropositive or most metallic. It is a singular fact 
that some of the properties of these two such different groups are 
bridged by a single element, hydrogen. 

4 The term differentiating electron was used by Eble (2) because 
this newly added electron differentiates an atom from the one 
possessing the next lower atomic number. 
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from a stable electronic configuration of 8 to one of 18, that the peripheral similarity reaches a maximum in |§ could 
or, in the case of the rare earths, from 18 to 32. the rare earth group where the A and B shells contain § face. 

The properties of the elements in the A group are the same number of electrons. of m 
similar radially, while in the B and C groups the prop- On the chart presented here the A and B groups are @ excis 
erties are similar peripherally. Since the number of separated by the double lines on the spiral and the C Th 
electrons in the outer shells is the most important single group is shown as a separate segment. If one were not @ the s 
determinant of chemical properties it is not surprising concerned by plane representation the rare earths grou 
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could be represented as a loop or bulge above the sur- 
face of the plane. One might imagine that this group 
of metals is a sort of hernia of nature that has been 
excised so as to maintain a flat surface. 

The A and B groups are diametrically opposed on 
the spiral and it is interesting to note that in those 
groups close to the line dividing the transition metals 
from the representative elements the A and B families 
are similar while the groups further removed from the 
dividing line are dissimilar. Compare the properties 
of the A and B families of Groups II, III, and IV, and 
then the properties of the A and B families of Groups 
VI, VII, and VIII. A properly colored chart helps to 
emphasize this point. 


THE ELECTRONIC STRUCTURE OF THE ELEMENTS 


This continuous arrangement of the elements is 
capable of portraying the electronic structure of an 
atom in so far as the number of electrons in the various 
shells is concerned. The number of electrons in the 
A and B shells is read directly from the chart. For the 
elements of the A families the B shells have a com- 
plete complement of electrons, 8 for groups I and II, 
except for period 1 which has no B shell and period 
2 in which the helium configuration of 2 is found. In 
| the other A groups the B shell is complete with 18 
) electrons except for period 2 in which there are 2 
) electrons in the B shell and period 3 in which there are 
} 8 electrons in this shell. ; 

To find the electronic configuration of an element, 
read from the segments of the circles enveloping the 
spiral the number of electrons in the A and B shells. 
Then, starting .at the element in question, move 
clockwise in the series to the noble gas which starts the 
period. At the right-hand side of the segment con- 
taining the noble gas, the letter(s) of the shell(s) will 
be found. Thus for manganese set down 2 and 13. 
Then at the right of the argon segment it is found that 
the A shell is N and the B shell is M. Thus, the NV 
shell contains 2 electrons while the M shell contains 13. 
The number of electrons in the other shells of manganese 
» is found by setting down the number of electrons in the 
Land K shells. These are found in the left-hand side 
of the wedge containing the noble gases, L—8 and K—2. 

Another example will illustrate the method further. 
Mercury is found from the chart to contain 2 electrons 
in the A shell and 18 in the B shell. Moving clockwise 
in the series to xenon we pass the star indicating the 
tare earths. Thus we know that the C shell has 32 
electrons. The A, B, and C shells are found to be the 
. P, O, and N shells, respectively, as indicated at the 
right-hand side of the xenon segment. The number 
of electrons in the other shells of mercury are found 
from the left-hand side of the noble gas segments to be 
18 in the M, 8 in the L, and 2in the K shell. The com- 
plete configuration for mercury is 

K EM NO P 
2 8 18 32 18 2 


Several of the transition metals contain only one 
electron in the A shell because one of the two outer 
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electrons has dropped back to the B level. These ele- 
ments could be indicated on the chart by asterisks 
in the manner of Gardner (3). In palladium appar- 
ently both of the A shell electrons dropped back to the 
B level. However, as Gardner points out, since most 


of the transition elements “give divalent ions, the 
point is of minor interest chemically.” 


THE NORMAL ELEMENTS AND COLORED IONS 


The basis for the division of the elements into the 
A, B, and C groups in this chart is the manner in which 
the elements were formed. Another scheme might 
have been based on the level of the electrons involved 
in chemical reactions. Wherever chemical activity is 
displayed by the elements of the A groups only the 
outer shell electrons are involved, never the B and C 
shell electrons so far as is known. These elements 
might be called normal in contradistinction to abnormal 
for elements where electrons in the next to outermost 
shell may be involved. The transition elements 
including the rare earths are abnormal except for silver, 
zinc, cadmium, and mercury. These excepted ele- 
ments form a compact group in the table and might 
be called the “normal transition elements.’’ This 
name gives a clue to the manner of formation of these 
elements as well as to the behavior of the electrons in 
chemical reactions. 

It should be noted that the groups containing the 
abnormal elements rest on the separation of the spiral 
along the periphery of the space allotted to magnesium. 
This separation which underscores the abnormal groups 
also marks those in which the elements may form col- 
ored ions. 


THE POSITION OF HYDROGEN 


Hydrogen finds a definite and logical space in the 
table and its relation to lithium and fluorine is clearly 
shown. With elements in the short periods loss or dis- 
placement of electrons from an atom tends to result in a 
structure having the electronic configuration of the 
noble gas which starts the period, while attraction of 
electrons by an atom tends to produce the electronic 
configuration of the noble gas ending the series (or 
starting the next one). These facts are clearly shown 
for all of the elements, including hydrogen. The 
electronic structure of hydrogen either as H*+ or H- 
finds a counterpart in the structure of element 0 or 2. 


THE POSITION OF BERYLLIUM AND MAGNESIUM 


It is a controversial question as to whether beryllium 
and magnesium belong in the zinc or in the alkaline 
earth group. From the point of view of atomic 
structure and properties these elements could belong 
to either Group IIA or IIB. From the chemical prop- 
erties it is difficult to determine whether magnesium 
should be placed with zinc or calcium. In analytical 
reactions magnesium is closer to calcium than it is to 
zinc, while on the other hand magnesium, beryllium, 
and the zinc group form no well-defined hydrides 
whereas the elements of the calcium group do. Thus it 
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seemed advisable to stretch the space allotted to the 
elements beryllium and magnesium, thus placing them 
on the chart as sort of prototypes of the elements of 
Groups IIA and IIB. This arrangement implies no 
break between the second and third group and at the 
same time stresses the similarity of magnesium to both 
calcium and zinc. 

The separation along the periphery of the space 
occupied by magnesium begins at Group IIIB and, 
continuing counterclockwise, ends on Group IIB. 
It is to be noted that this separation embraces all of 
the abnormal groups. One might wonder whether this 
is a purely fortuitous fact or whether it has a theoretical 
foundation. 
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It is perhaps significant that magnesium and beryl- 
lium bridge the subgroups of Group II which is the 
only group in which all of the elements in both of the 
families are normal, a fact which undoubtedly accounts 
for the difficulty experienced in placing these elements 
in a chart. If the mode of formation of these elements 
is the consideration, they should be placed in the A 
group since the differentiating electron entered the 
outer shell. However, from the point of view of the 
electrons involved in chemical reactions, those in the 
A shell, these elements could belong to either the A 
or B group. And finally, since the reactions of the 
organometallic compounds of beryllium and magnesium 
are similar to the organometallic compounds of the 


FIGURE 2.—ANALOGY BETWEEN HypROGEN, BERYLLIUM, AND MAGNESIUM AND THE TRANSITION Merats (Note that the spaces 
assigned to these elements are all in the same general area of the chart.) 
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zinc group and not to the alkaline earth group, these 
elements should be associated with Group IIB. 

If one retains the loops of the spiral (Figure 2) but 
removes the segment lines along with the symbols and 
atomic numbers of the elements in the area of the 
transition elements, a pattern is produced which makes 
one wonder why three of the elements difficult to place 
properly on a periodic table, hydrogen, beryllium, and 
magnesium, should occupy positions on the loops of the 
spiral in the same general area as the transition ele- 
ments. Are these three elements in periods 1, 2, and 3 
in some way analogs of the transition elements of 
periods 4, 5, 6, and 7? 


VALENCE 


Oxides and Double Periodicity. The valence with 
respect to oxygen starts at 1 with Group IA and in- 
creases counterclockwise to a maximum of 8 with Group 
VUIB. Then continuing in the same direction the 
valence starts with 1 in Group IB and reaches a maxi- 
mum of 7 in Group VIIA. The same general formulas 
for the oxides are found diametrically opposed on the 
spiral. 

Hydrides. The elements forming well-defined hy- 
drides are located immediately to the right or left of 
the noble gases. In general the hydrides to the right, 
in Groups IA and IIA, are saltlike solids, while those 
to the left are nonpolar liquids or gases when dry. 
The singular role of hydrogen should again be noted. 
Considered as its own hydride, hydrogen bridges the 
polar and nonpolar hydrides. It can be observed that 
with a spiral arrangement of this type elements forming 
hydrides are all found in a confined area on the chart. 


THE METALS AND NONMETALS 


The nonmetals and metalloids are separated from 
the metals by the dotted lines. As in the case of the 
hydrides it will be seen that the nonmetals are con- 
fined to a limited area of the chart. 


RADIOACTIVITY 


All of the naturally occurring radioactive elements 
are found along the outer loop of the spiral. To deter- 
mine the end product of a radioactive series move 
clockwise two atomic numbers for each alpha particle 
lost (one number for each positive charge) and move 
counterclockwise one atomic number for each beta 
particle lost. These changes are more easily followed 


> The alloy type of hydride has not been considered here. 
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on a spiral chart than on the conventional tables or on 
the more recent ones where the elements are not ar- 
ranged according to atomic numbers (2, 4, 6). 


CONCLUSION 


The term periodic table, or chart, means to most 
chemists a compact arrangement of the elements so 
ordered that they portray the periodic law, a law based 
on atomic numbers. That the properties of the ele- 
ments are intimately bound with the number of outer 
electrons of the atom cannot be doubted. Nature 
built the atoms of the elements in an orderly way by 
increasing, from one element to the next, the number 
of electrons by one. Were the natural laws such that 
these newly added electrons all entered and remained in 
one shell the properties of the elements would be func- 
tions of the total number of electrons, hence direct 
functions of the atomic number. But the properties 
are periodic functions of the atomic numbers, and the 
reason for this fact is found in the periodic occurrence 
of similar outer orbital structures. If an arrangement 
of the elements is made according to the natural se- 
quence of atomic numbers and the periodic occurrence 
of similar outer orbital configurations as well as the 
periodic occurrence of properties, it should faithfully 
reflect the periodic law. 

The spiral arrangement, as has been shown here, is 
capable of this reflection, and greater attention to truly 
continuous charts of the elements is urged as a means of 
discovering new relationships of the elements as well 
as a means of interpreting the periodic law. 
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CORRECTION 


é IN DR. HAUSER’S article in our January number, 
‘Synthetic rubber and plastics,’ 700,000 long tons were 


incorrectly translated into pounds. This conversion, 
in the 7th line, should have been ‘‘1,500,000,000 pounds.” 





Fluorochemistry in Military Science 
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VERY war, since the dawn of mankind, has been 
marked by the introduction of devices and knowl- 
edge which were unknown or overlooked during peace- 
time. The maintenance of our national defense and 
the preservation of our internal security have shown 
us that it is, at times, very profitable to employ certain 
highly specialized branches of science to achieve that 
end toward which we are all looking. 

In the present situation this is especially true of cer- 
tain aspects of fluorescence and ultraviolet light. 
These agents have made possible many remarkable ad- 
vances in nearly every phase of warfare art, science, 
and industry, and their utility will continue to grow 
and be appreciated after hostilities cease. Indeed, it 
has most aptly been said that a nation’s scientific ac- 
tivities are not mere national property; they are inter- 
national possessions, for the joy and service of the 
whole world. It is during war that nations hold them 
in trust for humanity. 


FLUOROCHEMISTRY 


The modern scientific history of fluorescence began 
with the work of Sir George Gabriel Stokes (1) in 1852, 
although fragmentary knowledge about luminescence 
was known for many years previous to this time. 
During the last several decades the development in 
knowledge and use of fluorescence entirely overshadows 
practically all earlier investigations in the field. A 
clearer interpretation of the phenomenon of lumines- 
cence has been brought about by recent advances in 
chemistry and physics: it is becoming widely appre- 
ciated because of the large number of industrial and 
scientific problems which can be solved by its means. 

Fluorochemistry is the name recently given to the 
physicochemical science which embraces the theory and 
utility of fluorescence, phosphorescence, and radiation 
(2). The basic phenomenon of fluorochemistry is 
fluorescence, the emission of light, usually visible, but 
not always, from matter under the influence of an ex- 
citing agent. Fluorescence is a complicated physical 
process by which energy is absorbed within atoms and 
molecules, raising them to an upper level which quickly 
returns to its ground state with the simultaneous re- 
lease of light. Fluorescence is distinguished from lumi- 
nescence due to incandescent heat, or candolumines- 
cence, in that it is virtually a “‘cold’’ process; hence, 
the use of the term ‘‘cold light’’ (3). 

For a long time there has been considerable confusion 
in regard to the difference between fluorescence and 
phosphorescence. Fluorescence is usually defined as 
light emission lasting only as long as the luminescent 
system is under the influence of an exciting agent, 
ceasing the instant the source of energy is taken away. 


Phosphorescence, however, is the process in which | 


light emission may continue for seconds, minutes, hours, 
or even weeks after the source of energy has been taken 
away. The outstanding distinction between the two 
is of course in the duration of luminescence and the lag 
which occurs between removal of the radiation and the 


cessation of light release. Both fluorescence and phos- 


phorescence are generally believed to be identical, ex- 
cept for this characteristic, and both are adequately ex- 
plained on the basis of the same theory. The distinc- 
tion between the two is therefore phenomenological and 
historical rather than scientific. 

Fluorescence is ordinarily classified according to the 
nature of its exciting agent, and a term is adopted which 
connotates the form of energy which has been em- 
ployed to produce light emission. The type of excitant 
most used is ultraviolet light, usually of two kinds suit- 
ably filtered so as to eliminate objectionable visible 
light which might exert a masking effect on the lumi- 
nescence. One wave length is most effective, in general, 


called long wave length radiation. The tentative 
standard for long wave length radiation is the conven- 
iently situated gamut of energy at 3650 A.U. Short 
wave length ultraviolet light is usually suited for the 
excitation of inorganic substances and its tentative 
standard lies at 2537 A.U. Both kinds of radiation 
are given out in substantial amounts by incandescing 
mercury vapor under the proper temperature, pres- 
sure, and voltage conditions. 

There are many sources of ultraviolet light, all of 
which have more or less value for fluorochemical 
studies. There has been a great deal written upon 
this one aspect of the science, and as it is beyond the 
scope of the present discussion interested readers are 
encouraged to consult special works listed in the 
bibliography for more detailed information (3, 4, 9, 13). 

It is to be understood that none of the ultraviolet 
filters in general use today is capable of entirely elimi- 
nating all visible wave lengths. All permit a small 
amount of purple and blue to pass, but this is not ob- 
jectionable for most ordinary applications. It may also 
be pointed out that research is now in progress on plastic 
filters which will be superior to glass filters, possessing 
the desired transmission characteristics, heat resistivity, 
high mechanical strength, and low cost. 

It is in this connection that an interesting incident 
occurred in England during the first world war. Major 
R. W. Wood, Professor of Experimental Physics at 
Johns Hopkins University, was visiting centers of 
military intelligence and upon inquiring as to the na- 
ture of work at one laboratory was told that a device 
of the utmost secrecy was being employed. The Eng- 
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lish Army men were astonished when Major Wood 
asked them whether or not the device was an ultra- 
violet light unit. After a hasty conference with their 
officers the Major was let into the laboratory. The 
men were much chagrined when Major Wood com- 
mented: ‘“‘Why I invented that filter and sent it to 
your offices over a year ago!”’ (5). 

Exciting agents need not be ultraviolet light, although 
it is in this form that energy is most efficaciously intro- 
duced into matter. Fluorescence and phosphorescence 
can be brought about by visible light (photolumines- 
cence), x-rays, electrical waves (electroluminescence), 
the radiations from radioelements (radioluminescence), 
} electrons from various natural and artificial sources 

(electronoluminescence or cathodoluminescence), sound 
waves (sonoluminescence), neutrons (neutronolumines- 
cence), and by a number of other atomic and sub- 
atomic particles. In addition, there are several ways 
in which light emission is more or less indirectly 
brought about. Thus, friction (triboluminescence), 
crystallization (crystalloluminescence), low tempera- 
ture heat (thermoluminescence), and oxidation or other 
special chemical reactions (bio- and chemilumines- 
cence), may enter into the process. 

For the higher energied excitants luminescence is the 
| direct result of the excitation of the atom or molecule. 
» But for the lower energied excitants, such as in the case 
» of crystallization and low-temperature heat, light emis- 

sion is explained on the basis of a previous radiation 
history, this type of excitant merely serving as a key 
to unlock the stored energy. 

There are a number of other ways in which lumines- 
cent processes, anid luminescence itself, are classified 
and so rendered that relationships between the various 
types of processes can be developed. One interesting 
distinction lies in the differences in the intensity of the 
luminescence. When the light is characteristic and 
bright, so that its features are unmistakable to the un- 
aided eye, it is spoken of as macroluminescence. Most 
of the present-day industrial value of fluorochemistry 
centers about macroluminescence. However, there is 
an indeed significant form of microluminescence in 
which the emission is so feeble, consisting of so few 
quanta, that it can only be studied by instruments such 
as the Geiger counter and the high sensitivity photocell. 
When an acid is mixed with a base, or when certain 
somewhat simple chemical reactions occur, light may be 
emitted as chemiluminescence: the more familiar of 
these processes, however, entails reaction between com- 
plex organic substances, such as 3-aminophthalhydra- 
zide, but in the simpler instances there may be a light 
emission whose wave lengths extend down to 2000 A.U. 

tless. This rather astonishing phenomenon leads to 

any new concepts in chemical and physical science of 

great implication (6). 

While fluorescence and phosphorescence are most 
familiarly known because they emit visible light, this 
Hoes not mean that luminescence cannot be made up of 

rave lengths above or below the visible range. Ultra- 
uminescence, or light emission consisting of wave 
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lengths less than 3950 A.U. is a widespread property 
of matter. Gamma rays, and high speed electrons, 
induce in water a luminescence which extends down to 
2500 A.U. This continuous and rather intense emis- 
sion is believed to extend to the shortest wave lengths 
of ultraviolet which are transmitted by water. This 
ultraluminescence of water is richer in short wave 
lengths than is the radiation from a 0.5-watt incandes- 
cent lamp (4, 13). Hundreds of other substances will 
emit ultraviolet light when subjected to cathode rays. 
The n-paraffins, containing from 1 to 8 carbon atoms in 
their chains, emit wave lengths as low as this and in 
greater intensity. Paraffin oil and nujol are among the 
more familiar substances which have an intense ultra- 
luminescence (4). 

Infraluminescence is light emission consisting for the 
most part or entirely of radiation lying above 7500 
A.U. Much less is known about infraluminescence 
than ultraluminescence; the energy relationships in- 
volved in an ultraluminescent process are much greater 
than those in infraluminescence, so rendering the former 
mechanism more easily studied. One of the present 
implications which infraluminescence has for physical 
and chemical science in general is in explaining the na- 
ture and degradation of thermal radiation in systems of 
noncolliding particles (4). 

Fluorescence is a characteristic of many substances, 
and in certain materials it is highly variable, depending 
upon the nature, purity, history, type of exciting agent, 
and the condition of the specimen. This makes pos- 
sible a branch of analytic science known as fluorochemi- 
cal analysis. Many substances luminesce strongly and 
characteristically when they contain a trace of impurity 
and especially when they have a crystalline structure 
which so enables the formation of energy levels. When 
the luminescence of a substance can be closely asso- 
ciated with the presence of an impurity, the luminescent 
system is called a phosphor. If the luminescent system 
is highly purified, but shows structural discrepancies 
which allow the existence of energy levels not normally 
present the system is called a quasiphosphor. For a 
long time confusion has existed in fluorochemistry in 
regard to the fluorescence of highy purified inorganic 
solids, but it is now known that many such substances 
are in reality quasiphosphors; this, however, does not 
mean that a pure substance cannot luminesce. 

Solid phosphors are divided into the macroactivated 
and the microactivated... The trace impurity is termed 
the activator and its action in a structure is that of a 
luminescence center. Microactivated phosphors are 
most well known, usually having a very small amount of 
metallic trace in a preponderance of bulk material. 
Many of our best analytical grade reagents are actually 
microactivated phosphors, for activation may be brought 
about by quantities of impurity well below the threshold 
of the best methods of purification. In the microac- 
tivated phosphor light emission is very often charac- 
teristic of an atom or ion. In the macroactivated 
phosphor there may not be too great a difference in con- 
centration of activator and bulk material or base. Mac- 
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roactivated phosphors frequently have the common 
property of emitting light characteristic of unbroken 
molecules, for a macroactivated phosphor may contain 
as much as 40 mole per cent of a compound in solid 
solution with a related compound, forming a system 
which is called quasichemical, since it does not conform 
to the usual rules of stoichiometry. These simple dis- 
tinctions are obviously of both practical and theoretical 
importance. 

Approximately 200 mineral species fluoresce charac- 
teristically with ultraviolet light of various wave 
lengths. An additional 100 species present an appear- 
ance which is semicharacteristic. Many fluorescent 
minerals vary greatly in their response to radiation, but 
in a good number the fluorescence is sufficiently reliable 
to allow very positive identification by mere observa- 
tion under an ultraviolet lamp. Specimens of the same 
species from the same locality may vary widely in 
shade of fluorescence, or in intensity, or some may be 
practically nonfluorescent. 

Many organic chemicals fluoresce brightly and char- 
acteristically, alterations in emission frequently being 
produced by solution changes, concentration and tem- 
perature, exciting wave length, purity, and many other 
factors. The color of fluorescence of an organic com- 
pound may change entirely after it is placed in solution. 
For example, solid riboflavin is excited to a bright, 
deep orange by 3650 A.U. light, but in water a strong 
green to green-yellow fluorescence is seen. 

The bright fluorescence of organic chemicals is due in 
certain cases to a phosphor-like system. The brilliant 
green glow of impure anthracene is caused by the ac- 
tivating action of small amounts of chrysene in the 
structure, pure anthracene exhibiting a blue fluores- 
cence, and some investigations have shown that this 
may even be violet after exhaustive purification. 

The fluorescence of metal-organic compounds as a 
class has not been widely studied, although a great deal 
is known about the luminescence of metal-organic dye- 
stuffs. Many metal-organic compounds fluoresce bril- 
liantly and characteristically, and in certain instances 
the presence of metallic impurities, such as iron, exerts 
a quenching or extinguishing effect upon their lumines- 
cence. In other compounds the fluorescence is shifted 
in wave length because of the cation, this being espe- 
cially evident in metallic stearates. The presence of an 
alkali or alkaline earth element cation in a complex 
organic structure may determine the difference be- 
tween a remarkably brilliant luminescence and sub- 
stantial nonfluorescence. Calcium theobromine sali- 
cylate is a good illustration of a brilliantly emitting 
substance in which the make-up is more favorable for 
greater quantum yields than in either theobromine or 
salicylic acid alone. 

In general, the fluorescence of inorganic compounds 
is not as distinctive as that of organic compounds. 
The fluorescence of inorganic compounds is influenced 
by a great many factors, and at present workers in 
fluorochemistry are not in complete agreement as to all 

the causes and the relative weight which is carried by 
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each: in fact some workers disdain looking upon pure 
inorganic substances as being fluorescent, although 
this can indeed be proved erroneous in both experiment 
and theory. Cathodoluminescence is a_ property 
of matter as such, and is not always a by-effect at- 

tendant with anomalies in structure and composition. § 
The fluorescence of pure inorganic substances is, in 
general, of less intensity than that of organic com- 
pounds, and it is influenced by such factors as particle 
size, water content, crystallinity, previous radiation 
history, impurities, and numerous others. When in- 
organic substances are to be purified for use in lighting 
tubes the best grade reagents must be employed as raw 
material, and all operations carried out with extreme 
precaution: phosphors are manufactured and studied 
in special air conditioned laboratories designed for this 























































purpose, as even slight particles of dust floating in the B po 

air may change the product. Iron or steel buttons, B Rx 

suspender clips, keys, and so on, must not be worm Fu 

when high grade phosphors are being manufactured, 

for the slightest trace of iron in many phosphors will - 

render the product unsatisfactory (7). ie 
NEW WARFARE OPTICS Mi 

In describing the applications of fluorescence and = 
ultraviolet light to military science, the writer musth | 
necessarily limit himself to facts and techniques gen- re 
erally known or available to chemists and physicists tsi 
throughout the world. The remainder can be left to tait 
the imagination of the reader, for certain of the uses of ha 
fluorochemical knowledge are so spectacular that they ( 
exceed the most vivid imagination (8). fluo 

The extent of the application and values of fluoro- bi 
chemistry in warfare may be noted by citing some of its a 
more recent utilities in industry and science. For ex By | 

rig 
ample, a small globule of mercury metal can be held in aiet 
the hand, and by use of a source of short wave length pe 
ultraviolet light, its image may be projected upon a 
screen coated with a phosphor. At room temperature 
the mercury evaporates appreciably, giving off fumes 
which cast a dark shadow on the screen because of their 
opacity to the ultraviolet. This one simple method has 
enabled prospectors to go into the field and search out 
large bodies of mercury ore, thus reinforcing presett 
sources of the metal so essential in the manufacture o 
mercury fulminate. 

Within the last year the methods of fluorochemistry ; 
made possible the discovery of the largest body 
tungsten ore in continental United States. Scheelite 
and powellite, two important tungsten sources, botl 
luminesce strongly with 2537 A.U. ultraviolet light, and 
it is now possible for an untrained operator to make = 
close determinations of the molybdenum content of ort, 
thereby expediting progress in this field. It has ver! 
truly been stated that this one method has been tlt 
most revolutionary discovery in tungsten technolog! 
within the last several decades (9). 

The detection of petroleum in shale and sand, and the Eot 
detection and recognition of rare minerals, is possible — 
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by their fluorescence. All of these have a direct bearit 
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on the ultimate consequence of the war by the exceed- 
ingly valuable background of know-how they provide 
for industries and sciences supplying the armed forces. 
Many other examples are known, any of which may be 
of a like order of importance in a war effort, but most in- 
terest centers about the applications of luminescence 
and radiation in any type of active warfare: the real 
story to be told must remain until after hostilities 
cease, but in the following details an idea will be ob- 
tained as to the large number and wide variety of fields 
to which the new warfare optics may be applied. 
General Warfare Uses. Several hundred uses of 
fluorescence have already developed in regard to the 
special type of illumination needed in a blackout. 
Whereas fluorescent light provides that low order of 
brightness which is so necessary to conform to the re- 
stricted light conditions of a blackout, a great deal of 
overpopularization has exaggerated the efficacy of this 
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INSTRUMENT PANELS TREATED WITH FLUORESCENT PAINT ARE 
EASILY READ IN THE DARK 


agent. Fluorescent paints and chemicals may be ap- 
plied to many objects to provide a means for people to 
find their way about in semidarkness. 

Paper, cloth, wood, metal, plastics, and many other 
materials can be so treated, and parts of clothing, curb- 
ings, stairways, moving vehicles, and permanent ob- 
jects of almost any kind can be rendered sufficiently 
luminescent in the dark, either permanently or tempo- 
rarily, so that they can beseen. There are two ways in 
which the luminescence is excited: (1) a small argon 
bulb or other source of low intensity ultraviolet light 
may be mounted nearby so that its radiations strike the 
luminescent pigment and render it luminous and (2) 
the luminescent preparation may contain a small 
amount of radioactive element which serves constantly 
to excite the substance. Each has its limitations and 
values depending upon the given use. In the illumina- 
tion of airplane instrument panels during the first world 
war the self-excited phosphors were widely employed, 
but today it has been found that best results are ob- 
tained by using an external source of ultraviolet light. 
Thus, present-day instrument panels have their dial 
figures made from luminescent plastic or coated with a 
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fluorescent paint. A special converter has been built so 
that battery current can be changed into 110 volts a. c. 
Such lamps are mounted on a flexible neck and can be 
moved in any direction, proving valuable for reading 
maps in the dark or for referring to luminescent instru- 
ment dials. 

Police science and criminology are both profitable 
fields from which to draw experience and knowledge 
about the values of ultraviolet light for warfare science: 
many aspects of these fields are very closely related. 
The criminologist who has turned military scientist 
has at his disposal a sharp weapon when his previous 
experience and work have included fluorescence and 
ultraviolet light. As might be expected, the com- 
plement of weapons and methods employed by the 
criminal are not distantly related to those used by the 
saboteur and counteragent. 

One of the greatest hazards in the manufacture of 
explosives is static electricity generated on a moving 
rubber belt or some part of amachine. The real hazard 
lies in the possibility of a sparkover which can and some- 
times does cause an explosion. In the petroleum in- 
dustry where highly inflammable substances are being 
refined this presents a considerable hazard. The strong 
ionization caused by short wave length ultraviolet light 
passing through air provides a certain remedial value, 
since any accumulation of electricity may be dissipated 
before it has a chance to spark (10). 

Signaling. As ultraviolet light is invisible, it can 
be used for secret signaling at night or in the daytime. 
Of the many ideas which have been suggested, nearly 
all embrace the simple principle that the sender project 
an intense beam of filtered ultraviolet light toward the 
receiver, who interprets the result by means of a fluores- 
cent screen, luminescent binocular reticle, or photocell. 
This was thought of during the first world war, and it 
remains essentially the same today, except for minor 
improvisations and perfections. In fact, just after the 
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close of the first world war, in 1919, R. W. Wood made 
a complete disclosure of the method of using high in- 
tensity ultraviolet light as beacons and for secret signals 
during wartime (11). Several patents have also been 
granted on this subject in recent years. 

Trench signaling, and intertank and intercar signal- 
ing can employ this form of invisible communication 
with considerable advantage. The low order of bright- 
ness of the fluorescent receiver prevents detection by 
enemy units working close by. These are just a few of 
the many possible variants of the principle. 

Ordinary lubricating oil, vaseline, and similar mate- 
rials often fluoresce with a bright blue or green color in 
ultraviolet light. This makes possible an unusual 
method of communication by friendly agents in enemy 
territory to tanks invading at night. Large arrows or 
markers can be made in the middle of a road, even in the 
presence of the enemy without creating suspicion, to be 
picked up later by tanks and troops equipped with 
ultraviolet light units. 

Fluorescent dyes and chemicals can be employed as 
an aid in maintaining a military caravan intact during 
night operations. A fluorescent substance placed on 
the highway or terrain, by the leader of the column, can 
be of obvious advantage to those who follow, since there 
is no sound created in the communication and no very 
evident trace left. A change in the color of a fluores- 
cent substance serves to convey information without the 
use of the radio. Small fragments of fluorescent paper 
may be used as a substitute for liquids or bulky solids. 
Trees, rocks, buildings, and other objects can also be 
marked in this fashion. 

Signaling to Aircraft. Aircraft operating over water 
are usually provided with rubber life rafts: many of 
the present rafts are equipped with a small tin of uranin 
powder or solution which is released upon inflation or 
at will at any later time. The bright yellow-green 
fluorescence which spreads over the water renders the 
life raft much more visible from the air, since bright 
sunlight is all that is needed to excite the lumines- 
cence. Aircraft flying at a distance can usually note 
the fluorescent spot before the raft becomes visible, 
and this method has already been responsible for sav- 
ing a number of lives. 

However, certain faults have arisen in this method 
and one possible remedy has been to change the nature 
of the solution so that those on the raft are assured a 
greater chance of being rescued. A solution has been 
developed in which the uranin or sodium fluoresceinate, 
is dissolved in a special base. When this is released 
upon the water it immediately spreads over an enor- 
mous area, much like the oil from a sunken ship. The 
composition of the film is such that it remains intact 
in rough sea, maintains a more favorable pH so the 
fluorescence is at an optimum brightness, and prevents 
the formation of globules of dye which sink undispersed 
(12). 

The uranin signal is not restricted to life raft use 
alone: individual life preservers as well as life boats 
may be equipped with flasks of the dye. In arctic 
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operation the uranin shows very brightly against a 
white background of snow. Parachute fabric can also 
be dyed with the substance so that it is rendered more 
visible from both the ground and the air. In this way 
individuals who are separated may more easily find 
one another, and their equipment may be more easily 
located. Fabric dyed with a luminescent dyestuff can 
be used for signaling to aircraft in jungle regions, where 
it shows very well against a green background, in the 
arctics, and on the desert. 

Aircraft Detection and Location. The extinguishing 
or quenching of phosphorescing screens by infrared rays 
has many military possibilities, but as yet only experi- 
mental use of this fact seems to have been made. An 
apparatus has been developed which depends upon the 
quenching of a phosphorescing screen of zinc sulfide. 
Infrared radiation is emitted more or less by all hot ob- 
jects, hence aircraft and auto engines may be detected 
at a distance by equipment relying upon this principle. 
However, a number of interfering factors must be con- 
sidered in the application of this fact, and its develop- 
ment for widespread use is far from easy. When used 
in conjunction with a photocell, a system can be con- 
structed to aid in directing antiaircraft and antitank 
gun fire (9). 

The electrical device which enables pilots to detect 
| other planes in the darkness by their infrared radia- 
tions is called the ‘‘A-eye.’’ In operation, two screens 
are mounted on the night fighter aircraft, one screen 
| being sensitive to infrared whereas the other is respon- 
sive to ultraviolet. When the infrared from an enemy 
plane engine strikes one screen it emits a stream of elec- 
trons. The electron image, in turn, is revealed upon 
the second screen coated with a luminescent substance. 
The principle, despite the bare facts which can be ob- 
tained at present, appears to be similar to the lumines- 
cence of a fluoroscopic screen under x-rays. Accessory 
equipment enables the pilot to direct gun fire in an ef- 
fective manner. Small marine craft and airplanes can 
orient themselves with infrared devices when the radia- 
tions are directed from a fixed station. 

Military Intelligence. The importance of invisible 
writing and secret messages has long been recognized in 
military intelligence. One of the reasons such methods 
are looked upon with favor by those who use them is 
that message-writing based on new technique with 
little-known inks, papers, or developing agents allows 
the agent to keep one jump ahead of the counteragent. 
Should the procedure employed by the enemy for de- 
tecting and inspecting documents be revealed, it be- 
comes a rather simple matter to devise a process which 
will escape detection and attention for at least a short 
time. 

Fluorescent inks and writing media are of an almost 
infinite number and very wide variety. For example, 
one laboratory which specializes in fluorochemical 
Study has at its disposal a master file of over 5000 dif- 
ferent luminescent substances, all perhaps of potential 
value for secret writing (13). The simplest ink, how- 
ever, is water, milk, urine, or other common liquid 
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which leaves a characteristic marking on ordinary or 
special paper or cloth, but which presents a fluorescence 
under an ultraviolet lamp. 

In one prison an inmate used urine and milk to write 
messages for some time before his methods were re- 
vealed. More refined operators employ solutions of 
chemicals which glow brightly under ultraviolet light 
after being treated with one or more chemical reagents 
and heat. Some chemicals do not fluoresce appreciably 
until treated with a chemical reagent, and when the re- 
action involved is highly selective it may be most diffi- 
cult to detect the writing. 

One of the cleverest message-writing techniques is 
based upon the excitation of fluorescence by a small 
range of specific wave lengths outside the ordinary 
gamut emitted by the usual light sources. Certain 
phosphors have been prepared which respond selec- 
tively to certain wave lengths, although other types of 
radiation fail to evoke any visible luminescence. 

It is possible in prison camps or under other adverse 
circumstances to devise both filter and light source so 
that messages may be read or written. A single thick- 
ness of purple cellophane passes enough ultraviolet from 
an ordinary incandescent lamp or from the sun, and 
lubricating oil, vaseline, egg white, butter, meat fat, 
sweat, urine, or other material can be employed as the 
writing medium. An idea of the delicacy of facts per- 
tinent to intelligence work may be had when it is real- 
ized that it is often possible to tell whether or not a per- 
son has been kissed and rubbed the lipstick off, held or 
drunk a cup of coffee, or handled or contacted greasy 
objects of any kind. 

On many solids, merely writing with a blunt object, 
without leaving any visible mark, will suffice for com- 
munication which is revealed under ultraviolet light. 
Waxes and oleaginous substances are satisfactory for 
this purpose. Pressure marks left on the surface of 
paraffin or waxed shoes or leather goods can be revealed 
with little difficulty under ultraviolet light, although 
they may be entirely invisible in white light. In paraf- 
fin a purplish colored fluorescence is observed at the 
points of contact, these showing against a blue fluoresc- 
ing background. In a similar fashion, invisible 
scratches made on wood, stone, fingernail, and some- 
times skin, can be revealed. 

For bringing out markings on paper which may have 
been made by water, pressure, or other means which 
are likely to be evanescent, the document may be 
painted on the opposite side with a solution of anthra- 
cene. After drying, the markings may be traced 
against the strongly fluorescing background. Asa sub- 
stitute for anthracene, various other substances may be 
employed, using instead, such materials as petrolatum 
and lubricating oil. Moreover, the appearance of 
papers and textiles in ultraviolet light is sometimes 
changed after chewing or tearing. Paper can be torn 
in but a few ways, and an experienced counteragent 
can study the specimen fragments and often get an in- 
sight as to the method of tearing. After chewing, saliva 
produces stains which are visible in ultraviolet light. 
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THIS FLUORESCENT MarKING Is INVISIBLE IN ORDINARY LIGHT, 
REQUIRING ULTRAVIOLET LIGHT TO BRING IT OuT 


Identification and Marking. Fluorescent chemicals 
may be used for many types of marking and identifica- 
tion. With suitable modification they can be adopted 
for use on humans as well as upon other objects. The 
marks are invisible in ordinary light and are not neces- 
sarily rendered visible by the ordinary chemical and 
physical treatment employed to develop such agents. 

Persons can be branded silently and harmlessly by 
objects which have been dusted with invisible coatings 
of fluorescent powders. ‘lhe insoluble phosphors can 
be efficaciously employed since they are often unaffected 
by soap and water and by ordinary chemical reagents. 
These inert powders fluoresce brightly and are incon- 
spicuous when placed on merchandise, tools, paper, 
money, or other persons. 

Tattooing has long been a means of marking the skin. 
Most of the objection to the tattoo is, of course, the 
visibility and permanency of the markings. Tattooing 
has been employed as a tool for marking persons with 
serum sensitivity or with diseases such as diabetes or 
epilepsy. For noting blood group and for placing a 
warning code that an individual may respond unfavor- 
ably to certain therapeutic agents, tattooing is of lim- 
ited applicability. Fluorochemistry, however, has 
given rise to an invisible form of tattooing which, 
though yet in the experimental stages, may solve many 
of the problems in the development of a permanent 
marking technique (14). It depends upon the use of 
inert and insoluble phosphors which respond to x-rays 
or other radiation. A method has already been per- 
fected in the laboratory of the writer whereby special 
phosphors can be impregnated in the skin by the tat- 
tooing needle, remaining invisible to the naked eye, but 
being easily brought out with x-rays. This invisible 
tattooing is now being developed so that an ordinary 
ultraviolet lamp can be employed for rendering the 
marking visible. 

The New York State Department of Health has sug- 
gested that these invisible tattoo marks may aid in the 
identification of soldiers killed in future wars. The 
department of correction has also published the infor- 
mation that the method might be used to brand habit- 
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ual criminals or sex offenders. Markings might also be 
used near surgical scars to enable a physician to deter 
mine accurately the case history of a patient without 
relying on his statements. 

Gas Mask Testing. Some of the difficulties en- 
countered in testing gas masks are well known to many 
people. These devices must be made gas- and vapor- 
tight, and the most rapid and effective way of detecting 
leaks often presents a problem, especially when mass 
production is involved. The writer has developed a 
method which entails the use of fluorescent chemicals 
and ultraviolet light (15). 

Briefly, in testing the efficacy of a new mask, very 
finely powdered anthracene or other fluorescent chemi- 
cal is allowed to filter into the test chamber under mild 
pressure. It is possible to detect immediately leaks in 
the mask and determine exactly where they occur, 
whether in the fabric, in the mechanism, or about the 
edges, by examining both mask and subject under ul- 
traviolet light, a bright green luminescence showing 
entrance of luminescent powder into the mask. Or, 
liquids and vapors can be used instead of powder, de- 
pending upon the type of gas, smoke, or fog the mask 
is intended for. 

This technique has very interesting possibilities when 
it is realized that unweighable amounts of chemical can 
readily be seen on the skin of the face of the wearer or Ff 
inside the mask with ultraviolet light. Many fluores- 
cent chemicals are known which can be detected in 
dilutions as great as one part in several hundred mil- 
lion. Moreover, the gas-tightness of boxes, food and 
medicine containers, suits, and other objects, can be 
tested by the improvisation. 

Arson and Explosions. Traces of chemicals, explo- 
sives, and corrosive substances in bombings, sabotage, 
and related acts of violence may be studied by the 
means of fluorochemistry. The wax paper wrappings 
from dynamite and other explosives, or bits of paper 
from fuses and detonators, frequently fluoresce brightly. 
Many waxes fluoresce, and with the aid of the fluores- 
cence spectromicroscope very slight differences can be 
brought out. Some of the gums and glues used to put 
bombs together may show fluorescence. Of interest is 
the damage performed by dyes thrown on garments or 
perishable objects. Many dyes are fluorescent and 
this can help in tracing their source, and also for the 
rapid examination of suspects apprehended immedi- 
ately after such an act. 

Brilliantly fluorescing substances can be incorporated 
with the wrappings of explosives or other dangerous 
substances in order to trace the course of their lives, 
and to determine when, where, and under what circum- 
stances they were employed. 

Many of the glyceryl derivatives show a bright 
fluorescence under ultraviolet light: however, dynamite 
or other explosives such as trinitrotoluene do not ex- 
hibit a strong or characteristic emission. Mannitol 
derivatives may show luminescence, as is often the case 
of other complex organic substances used in the make-up 
of explosives. 
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Luminescent Maps. The use of fluorochemistry in 
cartography and documentary work is now an estab- 
lished and valuable fact. The paper upon which 
military maps are printed can be rendered fluorescent by 
one of several methods which have been developed. 
These luminescent maps and documents enable reading 
during a blackout and at night, and prove especially im- 
portant in night bombing and for use in the night op- 
eration of naval units. The fluorescent maps glow 
brightly enough so that the printing can be read without 
other visible light, but so that the light from the map 
cannot be seen by the enemy close at hand. Hence, 
maps and other documents can be prepared so as to be 
studied and read under the adverse circumstances of 
warfare. A method has been developed in which an 
ordinary map can be read by fluorescence without al- 
tering the paper or injuring it in any way. 

Dr. H. C. Dake of Portland, Oregon, in collaboration 
with the writer, has developed a series of techniques by 
which maps can be rendered permanently or tempo- 
rarily luminescent (16). For an ordinary untreated 
map a cover of fluorescent plastic, resembling cello- 
phane, is used and illuminated with an argon bulb or 
other feeble source of ultraviolet. Or, a fluorescent 
powder such as anthracene or a phosphor, can be 
merely dusted over the surface of the map and excited 
with ultraviolet light. The luminescence evoked is 
sufficient for reading. Maps which are of little value or 
are to be destroyed, as is often the case in warfare op- 
erations in enemy territory, can be treated with lubri- 
cating oil and read under ultraviolet light at night, the 
bluish glow of the oil providing sufficient light for read- 
ing. . 

The simple application of anthracene or other fluores- 
cent powder is easily done. After dusting, it is rubbed 
over the surface of the paper with a cotton pad or with 
the clean palm of the hand. The surplus is blown off. 
This treatment does not alter the color of the paper, and 
stretching, wrinkling, or other objectionable physical 
changes are not produced. Notations and additional 
writing can be made in ink or pencil, and the pencil 
mark later erased if desired. The powder becomes 
lodged in the pores of the paper and does not change 
surface characteristics or color in so far as the eye in- 
spection in white light is concerned. 

For purposes of national defense and under emer- 
gency conditions where visible light may be extremely 
undesirable or impossible, fluorescent maps, charts, dia- 
grams, field orders, and other matter offer the solution 
to reading in the dark. The military scientist working 
in the darkness of the laboratory, as is frequently a 
necessity in investigational work of any kind, may 
need to make notes or read notes, or a lecturer may 
find it necessary to darken the lecture room in order to 
demonstrate an important point fully, while illustrating 
his points on the blackboard with fluorescent crayon 
or chalk. Ultraviolet light and fluorescence answer 
these and similar problems. Thus fluorochemistry 
makes it possible to read, as well as write, in the dark. 

Fluorographic Fingerprinting. For bringing out fin- 
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THE ULTRAVIOLET HAND LAMP CAN EASILY BE USED FOR READ- 
ING FLUORESCENT MAPS AND DOCUMENTS IN THE DARK 


gerprints on multi-colored surfaces a method depending 
upon fluorescence in ultraviolet light is often useful. 
The method involves the photography of a brightly 
fluorescent chemical which is used instead of ordinary 
fingerprint powder: it is known as fluorographic finger- 
printing. 

A fingerprint consists of the sweat and oily secretion 
of the skin and although it may be almost invisible in 
ordinary light, the mere dusting with finely powdered 
anthracene or a phosphor will suffice to render it visible 
under ultraviolet light. 

Another method of fluorographic fingerprinting is to 
dust the luminescent powder directly on the hand or 
palm, thus eliminating the need for inking and the re- 
cording of each finger impression individually. When 
the hand is properly dusted, and it requires some prac- 
tice to accomplish this, one photograph will provide a 
record of all fingers as well as the palm. Such a photo- 
graphic fingerprint record can then be enlarged to any 
desired size so that fine detail is brought out, and any 
number of copies may be made. Photographs can be 
cut and single prints pasted into the squares of the con- 
ventional fingerprint card. 

This kind of fingerprinting proves especially valuable 
for obtaining a record of a large number of people within 
a short time. It also completely eliminates any inking 
procedure and has the advantage of being operated 
without the knowledge of the subject. In several forms 
of criminal and military investigation it is often desir- 
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CRIMINALS AND SABOTEURS ARE Not CAuGutT ‘‘RED-HANDED”’ 
ANy More, But ‘‘'GREEN-HANDED”’ BECAUSE GREEN FLUORESC- 
ING SUBSTANCES ARE USED IN MARKING AND TAGGING OBJECTS 


able to obtain a complete record of hand structure with- 
out the subject’s knowing about it. 

Fluorographic fingerprinting is an example of the 
many uses of fluorography, the photography of fluores- 
cent light. It is the same in principle as other methods 
used for the detection of surface defects, blowholes in 
fine metal castings, and for the study of structure in 
paleontologic specimens. With fluorography it is pos- 


sible to determine the size and configuration of micro- 
scopic-sized scars, skin defects, metal, plastic, and paper 


flaws, and the like. When used in conjunction with 
luminescence microscopy it proves of even greater 
value. 

Fluorescent solids and liquids are used for the inspec- 
tion of high grade metal bearing surfaces which must be 
absolutely free from surface imperfections. A flaw in 
the surface of metal bearings going into the make-up of 
delicate electrical or aviation instruments may cause 
considerable damage at some later time. For magnetic 
metals small particles of iron or iron alloy are coated 
with a phosphor and dusted on the object arranged in 
a magnetic field. The luminescent particles stick 
about the edges of flaws, as well as fill them in, so that 
it is possible to reveal their presence photographically. 
For large castings oil-like fluorescent materials are in- 
troduced under pressure and after the object is wiped 
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SURFACE IMPERFECTIONS ARE READILY REVEALED ON FINE 
METAL Parts, SUCH AS METAL BEARINGS OR THE SMALL SPRING 
SHOWN ABOVE, BY USE OF FLUORESCENT FLAW-DETECTION 
METHODS 


clean and the pressure reduced each flaw begins to show 
its presence and shape by a brightly fluorescent spot. 

Distinguishing Real and Apparent Death. lt has long 
been a problem in emergency medical work to determine 
quickly, simply, and reliably whether or not a person 
is really dead. It has been on the battlefield where such 
difficulties are most often encountered, especially in 
the sorting of many bodies which have just been sub- 
ject to shellfire and bombing, and where the result may 
be such as to simulate death very closely. The dis- 
tinction between real and apparent death has a number 
of significant implications for fields outside that of war- 
fare. In the laboratory it is especially desirable at 
times to establish objectively the time of death in an 
experimental animal. In peacetime the problem has 
numerous variants: in determining the viability of an 
apparently stillborn child; for determining whether or 
not the use of artificial respiration, the pulmotor, or 
other means of resuscitation should be continued or 
ceased; asphyxiation, poisoning, shock, psychoses, 
convulsions, and many other conditions are known to 
induce a deathlike state. 

The significance of the ‘‘golden hours’”’ in the life of a 
recent casualty need hardly be emphasized to those who 
have ever had to cope with any type of injury, most 
particularly that of extreme shock. Under the stress: 
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of battle fire, lack of trained personnel and other ad- 
verse conditions of actual warfare, even a trained medi- 
cal man may not have sufficient time to make a detailed 
inspection of all casualties. It is under such circum- 
stances that an apparently dead body may easily be mis- 
taken for an actually dead body, and proper treatment 
delayed or wholly neglected. 

Very few reliable tests for death have ever been de- 
veloped, most of the earlier methods being on a par with 
the placing of a mirror before the mouth or nostrils, or 
placing a feather or other light object on the chest to 
indicate breathing. In cases of apparent death the 
stethoscope and other modern instruments may fail. 
Hence, objective tests for death assume an importance 
which cannot be overlooked. It is during wartime, 
however, that testing for death becomes most appre- 
ciated. 

There has been developed a fluorochemical test for 
death which shows a great deal of promise, having been 
subject to a number of tests on living and dead humans 
and animals to prove its efficacy. The procedure in 
this test is to inject uranin or sodium fluoresceinate 
solution intravenously and inspect the lips, eyes, and 
site of injection under short wave length ultraviolet 
light. The investigators who worked out the basic de- 
tails of this test, Dr. H. C. Dake and the writer, have 
shown that when true death exists in a body no very 
apparent change occurs in the fluorescence of the eyes, 

llips, and site of injection. In the apparently dead, 


however, it has been demonstrated that a strong, but 
dull, green luminescence appears in the lips, and a slight 


luminescence is seen about the site of injection. More- 
over, the natural luminescent response of the eyes may 
show a change when death occurs (8, 9). 

The remarkable luminescent properties of fluorescein 
and its sodium salt, uranin, have been known for many 
years. It has often been used to trace the course of un- 
derground rivers, and for the detection of contamination 
of water systems by sewage. Fluorescein may be de- 
tected by its fluorescence at dilutions as great as 1: 40,- 
000,000 with the unaided eye, and by instrumental and 
chemical means it may be noted at concentrations of 
1:200,000,000 (9). Thus, the uranin test for death is 
over a thousandfold times more sensitive than similar 
tests which have been dependent upon color changes in 
white light. 

Other Medical Uses of Fluorochemistry. Lumines- 
cence has provided a number of sharp weapons for use 
in military medicine. The “green lips” test which has 
recently received so much public attention is an out- 
growth of fluorochemical knowledge. The test enables 
the military surgeon to tell whether or not a frozen, 
gangrenous, or injured foot or arm should be amputated, 
and it provides a number of other valuable approaches 
to the detection and identification of certain kinds of 
disease and trauma. The test is essentially a uranin 
One, since it depends upon the injection of uranin and 
observing the result under ultraviolet light. It derives 
its name from the green fluorescence seen on the lips, 
and was developed by Kurt and Lange (17) of New 


PHOTOGRAPHY IN COMBINED ULTRAVIOLET AND VISIBLE LIGHT 
SHOWS SuRFACE DEFECTS, SUCH AS THOSE IN SKIN, WHICH 
CANNOT BE SEEN WITH THE UNAIDED EYE 


York, although some time previously D. Fishback (18) 
employed a very similar technique for the accurate 
measurement of circulation time. Since then the prin- 
ciple has been broadened greatly and its value realized 
in many branches of medicine and surgery. 

By injecting uranin or fluorescein intravenously, and 
inspecting the lips under ultraviolet light, it is possible 
to determine exactly how fast blood is flowing through 
the body. This means that in cases of gangrene or in- 
jured intestines, there will be an interruption in the 
flow of the dye through the blood vessels: thus, for 
limbs which are to be amputated it is possible to tell 
exactly where this should be done, as the green fluores- 
cence disappears at the junctionof living and dead tissue. 

Determinations of circulation time are important for 
detecting the presence of heart disease, such as arterio- 
sclerosis, and for detecting anomalies in glandular func- 
tioning. 

Other medical applications of fluorochemistry * to 
military medicine include delicate means for the exami- 
nation of tissue structure, such as in the case of skin 
cancer and minute lacerations. There is an exceed- 
ingly delicate fluorochemical method for detecting the 
presence of, and the size and shape of corneal lesions. 
Uranin solution dropped into the eye, and viewed under 
ultraviolet light makes possible the detection of em- 
bedded particles and lesions, and the use of ultraviolet 
light will enable the surgeon to tell by its fluorescence 
exactly where a cataract begins and ends. Dyes such 
as acriflavin, flavophosphin, eosin, and many others 
fluoresce brightly and may be employed instead of 
fluorescein or uranin. 
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Semimicro Detection 


HE trend toward semimicro methods in industry 
and research is causing a similar trend in the 


teaching of elementary qualitative analysis. Semi- 
micro methods based on standard procedures are 
particularly adapted to the teaching of this new 
technique since at the same time the student learns 
the reactions involved and develops an acquaintance 
with the new methods. 

This paper takes up the semimicro detection of the 
silver group of anions. Most of these tests are semi- 
micro modifications of standard procedures, but some 
possess novelty in the fact that the interference of 
other anions is cut to a minimum by separation before 
the final tests are carried out. Only two tests involve 
the use of complex organic reagents. 


PROCEDURE FOR THE TESTS 


1. Toa few drops of the unknown, add 1 drop of NV 
silver nitrate. Let stand for several minutes. If a 
precipitate is formed, add 1 drop of 6 N nitric acid. 
If a precipitate remains, some member of the group 
likely is present. No precipitate indicates the absence 
of all members of this group. 

2. Ifa positive test was obtained in J, add to 3 ml. 
of the unknown solution, 5 drops of N sodium acetate, 
and 5 to 10 drops of N cadmium nitrate. If no precipi- 
tate is formed, sulfide, ferricyanide, and ferrocyanide 
are absent. If a precipitate forms, centrifuge. Test 
for complete precipitation. Save the filtrate. If the 
filtrate is cloudy, filter or centrifuge until it is clear. 
Paper pulp sometimes helps to clear up a cloudy 
filtrate. Wash the precipitate by stirring with a few 
drops of water and centrifuging. Discard the wash- 
ings. Stir the precipitate with 10 drops of water. 

3. Ferrocyanide. To one-half of the suspension 
of the precipitate from 2, add dilute hydrochloric 
acid until the solution is strongly acidic. Add 10 
drops of 0.1 N ferric chloride. A blue precipitate in- 
dicates ferrocyanide. Centrifuge. Test for complete 
precipitation. Save the filtrate. If it is not clear, 
centrifuge again or filter. 

4. Ferricyanide. To one-half of the filtrate from 
3, add 5 drops of freshly prepared saturated solution 
of ferrous sulfate, which is distinctly acidic with sul- 





1 Acknowledgment is made to John Anderson and K. E. 
Calender, former students of the senior author at Georgetown 
College, Georgetown, Kentucky, for their work in the earlier 
development of these procedures, and to Dr. Warren C. Johnson, 
who supervised their testing at the University of Chicago. 
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furic acid. Compare the treated and untreated por- 
tions of the solution. A blue-green color or blue 
precipitate in the treated solution indicates fert- 
cyanide. 

5. Sulfide. (If a good test is obtained for ferri- 
cyanide, sulfide is not likely to be present.) To the 
remaining precipitate from 2, add 4 to 8 drops of 18 V 
sulfuric acid and 3 to 5 drops of WN silver nitrate. Boil 
gently for 1 to 2 minutes. A dark precipitate indicates 
sulfide. Ferricyanide also gives a dark precipitate 
but the latter has a tinge of yellow or orange. 

6. Iodide. To one-fifth of the filtrate obtained 
in 2, add 2 ml. of M ammonium sulfate, 10 drops of 
15 N ammonium hydroxide, and 3 drops of N silver 
nitrate. (If it is desired to test for one-fifth of a drop 
or less of 0.1 N iodide in this aliquot portion and if ith 
is known that neither the bromide nor thiocyanate 
concentration is over ten times the iodide concentra- 
tion, a turbidity at this point can be taken as a test 
for iodide.) Centrifuge. Discard the filtrate. Shake 
the precipitate with 4 ml. of 4 N ammonium bhy- 















droxide. If the precipitate does not dissolve iodide 
is present. 
7. Bromide. Transfer one-fifth of the filtrate 





from 2 to a small beaker, add 5 ml. of water, 10 drops 
of 6 N sulfuric acid, and 3 drops of 6 N potassium 
nitrite (the latter only if iodide is present), and evapo- 
rate slowly to about 3 ml. Transfer the solution toa 
small test tube, add 4 to 8 drops of N potassium 
permanganate, and heat for several minutes on a water 
bath, passing the gas evolved through fluorescein 
paper in the mouth of the test tube. A pink color 
of the paper indicates bromide. 

[Note: This paper is prepared by soaking filter 
paper in a solution of fluorescein in a water-alcohdl 
(1:1) mixture, and drying. The paper is moistened 
with distilled water just before being used. Freshly 
prepared paper should be used.] 

8. Chloride. Dilute one-fifth of the filtrate from 
2 to about 15 ml. Add 24 drops of 6 N nitric acid. 
Evaporate slowly to about 7 ml. Continue heating 
and add 4 drops of M manganous nitrate and 5 drops 0 
N potassium permanganate. Evaporate to 2 ull 
Centrifuge. Discard the precipitate. Add 2 drops 
of N silver nitrate to the filtrate. A white precipitatt 
indicates chloride. A slight cloudiness is not a test 

9. Cyanide. To one-fifth of the filtrate from 4 
add 10 drops of 0.1 N sodium chloride and 3 to 4 
drops of N silver nitrate. Centrifuge. Stir the pre 
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cipitate thoroughly with about 1.5 ml. of 2 N am- 
monium hydroxide and add 15 drops of N potassium 
bromide. Acidify with concentrated sulfuric acid. 
Heat for several minutes in a water bath, passing 
the evolved gas through freshly prepared, moist, 
strongly alkaline (with sodium carbonate) picrate 
paper. The test for cyanide is an orange color. 
= If it is known that sulfite and thiosulfate are not 
present in appreciable amounts, this test may be car- 
ried out without the precipitation of silver cyanide 
(along with silver chloride) and solution in ammonium 
hydroxide. 

10. Thiosulfate. To the remainder of the filtrate 
from 2 add 5 drops of N silver nitrate. Centrifuge 
and test for complete precipitation. Wash the pre- 
cipitate by stirring with a few drops of water and 
centrifuging. Discard the washings. Add 5 drops 






ns 





















f 18 N of 4 VN ammonium hydroxide to the precipitate. Shake 
Boil §} well. Black particles of silver sulfide indicate thio- 

dicates sulfate. Save precipitate and solution. 

ipitate 11. Thiocyanate. To the precipitate and solution 






from 10, add 2 drops of saturated potassium bromide 
and 2 drops of is V sulfuric acid. Centrifuge. To 
the filtrate add 1 drop of 6 N ferric chloride. An 
orange-red color is a test for thiocyanate. 









DISCUSSION OF RESULTS 





Tests were carried out by careful students to deter- 
mine the sensitivity and reliability of the tests. Un- 






Re knowns containing one drop of 0.1 M solution of each? 
ae of the anions gave tests for each anion. For con- 





venience in semimicro work, the total volume of un- 
known usually was approximately 3 ml. However, 
tests were obtained for each of the anions in solutions 







— containing one drop of 0.1 M anion solution in a total 
PE volume of 30 ml. Sulfide, ferrocyanide, and ferricyanide 





were precipitated as cadmium salts, filtered, and tested 
for as usual. The filtrate was evaporated to about 
5 ml. for the rest of the tests. 

Ferricyanide is the only anion in this group which 
is an oxidizing agent. Ferricyanide is an oxidizing 
agent in alkaline solution, and in slightly acid solu- 
tion it reacts readily with cyanide, iodide, and thio- 
sulfate, but it does not react with these anions so 









f : ° : : 
hes readily in sodium acetate solution. Therefore, the 
nbn Separation of ferricyanide from the above anions is 
ceshiy carried out at the outset of these tests so that there 











. Sulfide reacts readily with ferricyanide in acid, neutral, or 
alkaline solution, so the coexistence of appreciable amounts of 
each of these anions is incompatible. Therefore, both never 
should be put in the same unknown. 













cups of dry whole milk powder. 
surgical shock, wounds, or burns. 






To make five or six servings of a health drink rich in protein, use two and a half 
cups of milk, one and a quarter cups of frozen egg white, and one and seven-eighths 
The drink is recommended for those suffering from 
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will be little opportunity for reaction. When the un- 
knowns were tested soon after they were made up, 
so that mutual reactions did not take place between 
the anions, or so that atmospheric oxidation did not 
take place, careful students usually obtained tests for 
one drop of 0.1 M solution of each of the anions in 
the presence of 10 drops of 0.1 M solution of each of 
the other anions. For this work the tests were com- 
pared with controls. Due to the reactivity of some 
of the anions, changes in composition take place with 
extreme readiness in certain combinations. For ex- 
ample, high concentrations of ferricyanide and high 
concentrations of reducing constituents facilitate the 
formation of ferrocyanide, so frequently a positive 
test for ferrocyanide was obtained although it was not 
initially present. 

Sulfide in solution is oxidized readily by atmospheric 
oxygen so that a thiosulfate test is obtained. Some 
c. p. sulfides contain appreciable amounts of thio- 
sulfate. Therefore, it is advisable to test sulfide 
solution for thiosulfate when it is made up, and later 
from time to time, unless it is kept from exposure to 
air. If the laboratory supply of sulfide contains 
thiosulfate, a solution of sulfide free of thiosulfate can 
be made by passing hydrogen sulfide into 0.1 NV sodium 
hydroxide solution. 

Since several of the anions in this group are re- 
ducing agents, the presence of a high concentration of 
oxidizing agent would be expected to decrease ap- 
preciably the sensitivity of some of these tests. To 
see the effect of typical oxidizing agents, tests were 
made in the presence of chromate and nitrite. One 
drop of 0.1 M solution of each of the anions in this 
group usually gave a test in the presence of 10 drops 
of 0.1 M solution of each of the other anions in this 
group and chromate and nitrite. However, slight 
modifications of the tests were necessary in a few cases. 
For example, in the bromide test, chromate was re- 
duced before the acid solution was heated to remove 
iodide, or bromide was lost. Sodium sulfite was a 
satisfactory reducing agent. In the final ferrocyanide 
test an extra washing of the cadmium precipitate cut 
down the tendency of the oxidizing agent to react with 
ferrocyanide when the solution was acidified. 

In the procedures given above, only one-fifth of 
the solution is used for each of the anions which forms 
a soluble cadmium salt. While one drop of 0.1 M 
solution of each anion in the unknown is sufficient 
to give a test, as has been shown repeatedly by the 
work of careful students, it is advisable to use some- 
what larger amounts in student unknowns. 








Out of the Editors Basket 


SUGGESTION for a ‘‘pass-around” experiment 

to show hydrolysis comes from Dr. J. L. Horsfall, 
entomologist with the American Cyanamid and 
Chemical Corporation. 

Methyl orange : mercuric chloride test paper may 
be used to show the presence of HCN vapors in the 
air. A good demonstration in the classroom is to 
place a few granules of calcium cyanide in the bottom 
of a wide-mouthed bottle which has a convenient re- 
movable stopper. HCN is evolved from calcium cya- 








Westinghouse Photo 
ELECTRIC LIGHT WITHOUT WIRES 


Fluorescent lamps glow brightly without any me- 
chanical connection to a source of electric power. 
Instead, they are “plugged in’’ to the radio power 
generated by a prewar diathermy machine, which 
sends out beams of short-wave energy as a searchlight 
throws a beam of light. At a recent meeting of archi- 
tects and industrial designers, Samuel G. Hibben, 
director of applied lighting at the Westinghouse Lamp 
Division, explained that vastly more powerful versions 
of such diathermy machines are now playing important 
war roles, and suggested that there might be many 
future ways to take advantage of wartime developments 
in the wireless transmission of power. 


nide by reaction of the material with the moisture of 
the air. After the material has been in the bottle a 
few minutes the stopper may be removed and one of the 
methyl orange: mercuric chloride test papers may be 
held in the top of the bottle and a darkening and 
change of color will take place. If only a few milligrams 
of calcium cyanide are used in this test the demon- 
stration can be made safely in the classroom, without 
any danger whatsoever. 


@ Another suggestion has come to us from Leroy D. 
Johnson, of Storer College, Harper’s Ferry, West 
Virginia, whose experiments for the use of waste chalk 
were described in our November number (page 554). 
This time it is the production of acetone by the use of 
waste chalk. The powdered chalk is boiled with 
vinegar until effervescence ceases, and after suction 
filtration the filtrate is decolorized by boiling with 
powdered charcoal or bone black. Evaporation of the 
filtrate from this process yields crystals of calcium 
acetate. The destructive distillation of the crude 
acetate gives a dark brown liquid which is then dried 
twice over anhydrous K:CO;. The resulting dehy- 
drated liquid is fractionally distilled and the fraction 
coming over below 55°C. is relatively pure acetone. 
The iodoform test, to confirm the presence of acetone, 
is performed by adding a few drops of the liquid to 
10 ml. of water containing 1 g. of KI, adding 10 ml. 
of commercial ‘‘chlorox” solution, and allowing to 
stand. In a few minutes yellow, insoluble iodoform 
separates. Evidence of other organic compounds, 
particularly aldehydes, may be found in the distillate 
from 60° to 100°. 


@ It has long been known that the presence of one 
bad apple will often hasten the spoilage of a complete 
lot. Now we know that this is due to ethylene gas 
which is given off by the spoiling fruit. Ethylene has 
often been used to hasten the ripening of fruit, and it 
is all part of the same process. Baskets of apples 
of the same ‘age’ have no effect upon each other, 
but if one is much older than the other its more rapid 
metabolism will liberate enough ethylene to hasten 
the ripening of the second. 


@ An interesting chemical ‘‘exercise’’ can be had in 
trying to figure out why certain chemicals are scarce. 
The following have been recently put on allocation 
order by WPB. Can your students tell what these 
are being used for, which gives rise to the shortage’ 
Cyanide (NaCN), methanol, CaCs, furfural, phos- 
phorus, A1C1s;, “potash,” ‘copper chemicals.” 


@ The Summer, 1943, number of Modern Precision 
(Vol. 3, No. 1), published by Leeds & Northrup Com- 
pany, contains some very helpful hints on the care of 
resistance boxes, bridges, and potentiometers. 
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e@ A new translucent ‘‘skin” for protecting machine 
parts in shipment shows definite indications of re- 
lieving another bottleneck in the flow of new and re- 
placement parts to the battlefronts, say Army Ordnance 
men. 

The new packaging material, recently developed 
by The Dow Chemical Company in response to an 
appeal from a maker of amphibian vehicles, is already 
saving time and manpower at home, and speeding the 
work of assembly and repair crews at the front. The 
product, which has an ethylcellulose base, is a plastic- 
like substance which is applied by a simple hot dip 
process; sets into a tough, skin-tight coat in a few 
seconds that fully protects the metal from rust, cor- 
rosion, and dirt during shipment. Assembly crews 
find it strips off quickly and easily with no more equip- 
ment than an ordinary pocket knife. 


Although the material used is not yet available for 
general distribution, being under rigid government con- 
trol, production experts believe it will eventually 
revolutionize this entire phase of packaging pro- 
cedure for civilian as well as military equipment. 
Previous methods frequently required the slow and 
laborious hand-wrapping of parts in a special grease- 
proof wrapping material followed by dipping in hot 
wax, or an alternative process of precoating the parts 
with a heavy grease which was difficult to remove 
in the field. These grease-coated parts likewise had to 
be hand-wrapped before shipment. : 

The types of parts which can be treated by the 
new process are not yet completely defined. Its use 
is already apparent in many cases. Adaptations 
of method are constantly being extended under rigid 
military supervision. Actual production costs, ord- 
nance men declare, already indicate packaging time 
reductions up to 80 per cent. 


WHAT'S BEEN GOING 


Cellulose nitrate lacquers were introduced in 1920. For 

a while it was felt that they might completely replace shellac 
as a rapid-drying varnish. Here again the new materials were 
destined to develop into a large industry. The use of shellac 
a a rapid-drying coating continued to increase all through 
the twenties as the public became more and more conscious of 
Its advantages. So the two materials did not become truly 
competitive. 
‘ Typical of a material in an entirely different field is rayon, 
irst developed as a possible substitute for silk. It soon de- 
veloped, however, into a more or less noncompetitive industry of 
its own, 

Numerous improvements have been made in the manu- 
facture of materials during this emergency. Some of these 
developments will lead to marked reductions in cost and ex- 
panded use during the postwar period. Improvements made 
i rock wool, for example, will bring about not only greater 
use of this material, but of insulating materials in general. 
Many people realize for the first time how much fuel can be con- 
served by proper use of heat insulation. 

The greatest impact to old established industries during 
the period immediately following the war will not come from 
Wartime substitutes, but from new developments which have 






















Westinghouse Photo 
LAMP TO Protect EccGs, TEst COLORS 


Ultraviolet radiations from the coiled quartz tube, 
mercury vapor lamp transmute oxygen in the air 
into ozone. 


ON (Continued from page 106) 


been held back so far, due to other needs for raw materials. 

Advances made in synthetics for combat use will bring greater 
durability ‘to postwar products. Lightweight material and 
plastic appliances will lighten the housewife’s burden. A wide 
variety of frozen and dehydrated products will cut down the 
time and effort required in food preparation. Once she has 
used the newly developed war potato flour, for example, the 
housewife will never want to make mashed potatoes any other 
way. She will also be able to obtain an all-year-round variety 
of products which before the war were prohibitive in cost dur- 
ing the off seasons. 

War accomplishments in the field of medical science and in 
the manufacture of products for increasing our health and safety 
will cut down loss of life and limb in the postwar period. High- 
octane gasoline will increase our mileage and the life of our trans- 
portation vehicles. New developments in glass and ceramics 
will provide many products which we did not have before. 

New laboratory tools and methods of fabrication, such as the 
electron microscope, infrared drying methods, induction heat- 
ing, and the like, should eventually reduce the cost of manu- 
facturing both the old materials and the newer substitutes. 
Hence, we can expect a greater number of products to be available 
to a wider purchasing public. 


Seience in Schools 


A Program for War and Peace 


JOHN C. HOGG 
The Phillips Exeter Academy, Exeter, New Hampshire 


made acutely aware of the importance of the role 
of the school in national defense. Numerous articles 
have appeared in the press; educators, politicians, 
military and naval officials have expressed themselves 
freely if not clearly on the subject. In all cases there 
has been a tacit assumption that changes in the school 
curriculum are necessary. Much of the publicity has 
been critical in nature, but some sound suggestions 
have been offered as a cure for our educational ills. 
There is no doubt that, as a nation, our academic con- 
science has been stung by the thought that schools are 
not making a satisfactory contribution to the war effort. 

Most of the criticisms have been directed against our 
weakness in scientific and technical education. All 
schools and colleges have heard the call and never be- 
fore has such concentrated attention been focused upon 
the curriculum. The result is that some changes have 
already been made, but these, for the most part, are a 
palliative rather than a cure. Sterner measures are 
needed if science is to play the part it deserves and de- 
sires in modern education. 

As a school subject, science has never offset the ini- 
tial disadvantage of its late entry into the curriculum. 
The demand for science teaching quite naturally 
followed the introduction of technical and scientific 
methods into industry in the early part of the 19th cen- 
tury, but the inclusion of science in the curriculum 
was possible only at the expense of subjects already well 
established. The original curriculum was founded 
upon English, classics, mathematics, and history. 
Science was not a welcome guest and for many years 
could maintain only a precarious foothold. Physics 
was first taught as a school subject in a Boston high 
school in 1821, but it was not until 1872 that science 
finally established its place in the curriculum. In this 
year, Harvard University accepted physics as a sub- 
ject for admission and, in 1888, chemistry was given a 
similar status. This step marked the first academic 
victory for science in its long struggle for recognition. 

When science was first admitted to the curriculum it 
was limited to one year of instruction spread over a 
wide field which embraced physics, chemistry, and an- 
other science, usually biology. As an educational 
project this was doomed from the outset, for it gave a 
mere smattering of knowledge and served little purpose 
except to invite criticism. The obvious and easy ad- 
justment was to retain the one-year period but to teach 


ad the outbreak of war the public has been 


only one of the three branches. Many of our schools 
have not advanced beyond this stage. 

There is little of permanent value in one-year courses 
taken at breathless pace between September and June. 
They refute every tenet of the learning process and are 
the bane of science teaching. Learning must be slow 
if it is to endure; ideas must have time to seep in if 
they are to form part of our mental equipment. Ina 
science course a student learns a great deal through his 
mistakes, particularly in the laboratory. Verbal cor- 
rection has little meaning when the student learns 
through observation. Repetition of experiments un- 
satisfactorily performed is an essential precaution, for it 
teaches greater precision and closer observation and 
imparts added confidence to the student. This slow 
approach takes time, but there is no substitute for it, 
not even in wartime. Without the opportunity to 
learn slowly, teaching becomes a shoddy business. 

The extension of the one-year courses has become ur- 
gently necessary if school science is to play its part in 
education. Already some schools have offered ex- 
tended courses for several years, and the experience 
gained will serve a useful purpose when the measure is 
more widely adopted. There is, however, a strong set- 
timent against further expansion on the ground that it 
favors specialization. For some reason the term 
specialization is applied to the teaching of a science 
beyond the one-year level. It is not applied to the 
study of language or mathematics even when these sub- 
jects are studied for four consecutive years. There 
may be sound pedagogic reasons why four years of a 
language are of greater value than two years of a sci, 
ence, but they have never been clearly stated. Ut- 
doubtedly, the more ardent advocates of scientific 
training have claimed too much for their subject and 
have conceded too little to the value of literary studies. 
This prejudice has damaged the cause and has widened 
the breach between science and the arts. 

Changes in the teaching of science, introduced as 4 
war measure, have scarcely touched the fundamental 
weaknesses of the curriculum. The common proce 
dure has been to add something of a technical nature 
in the hope that it will be immediately effective im 
training our students in some of the techniques of war. 
Education is being geared to the war effort and an ac 
celerated program, so vital in industry, is being applied 
to the schools. 

Aeronautics is one of the war courses recently intro 
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duced into a large number of our schools. The wisdom 
of offering aeronautics as a school course, even as a war 
measure, can be debated, particularly if the essential 
prerequisites have not been taught beforehand. Itisa 
specialized subject depending chiefly upon mathematics 
and physics, but, also, to a lesser extent upon meteorol- 
ogy, astronomy, and chemistry. If sound courses of 
mathematics and physics are required as concurrent 
studies or prerequisites, the course on aeronautics will 
correlate these studies and may make a valuable con- 
tribution to the war effort. Unfortunately, however, 
the course is being generally offered without these 
prerequisites and its efficacy will be seriously impaired. 
Another factor that has been passed over too lightly is 
that few teachers are qualified to teach the course. If 
ateacher is to depend upon a textbook to keep one jump 
ahead of the class, it is clear that instruction can be 
neither profitable nor inspiring. Without sound knowl- 
edge a teacher loses his main assets, confidence and 
enthusiasm. Inferior instruction is inevitable in courses 
that have been publicly acclaimed and which are ex- 
pected to produce tangible results. 

Science in the school curriculum does not reflect the 
importance of science in our modern world. Changes 
are necessary, but these should be made with vision so 
as to serve the country in peace no less than in war. 
Whatever is to be permanently achieved must be won 
slowly. ; 

School science should be an end in itself; it should 
not depend upon the college to round it off. Those of 
us who have grappled with the one-year courses are 
aware of their limitations. There are places where 
clear exposition is impossible; tough spots that defy 
good teaching, where even that educational panacea 
called motivation has little or no effect. In physics, we 
may recall the sketchy and evasive treatment of New- 
ton’s laws of motion, the difficulties in teaching vector 
quantities, the confusion of the relationship between 
velocity, wave length, refraction, and dispersion of 
light, the discouraging efforts to correlate mechanical, 
heat, and electrical energy exchanges, and the almost 
complete neglect of the chemical effects of a current. 

In chemistry the problems are different. Here the 
student must grasp a great deal of factual and largely 
unrelated material. He finds little in his previous ex- 
perience to help him to understand the peculiar be- 
havior of hydrogen, oxygen, carbon, sulfur, and nitro- 
gen. The versatile and unpredictable nitrogen is 
always a stumbling block. The pedagogue asserts 
that the “How” must precede the “Why”; he maintains 
that if the student is first interested in effects he will be 
self-propelled to seek causes. Presumably, a sound 
approach to the element sulfur is via the heavy chemi- 
cal, sulfuric acid. We should first impress upon the 
Student the importance of sulfuric acid in industry— 
its use in the manufacture of fertilizers, explosives, and 
dyes, and in the refining of gasoline. With this pre- 
liminary motivation the student is supposedly tuned 
and eager to learn of the manufacturing process and, 
in turn, to study sulfur dioxide and, finally, sulfur. 
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The ‘‘Why’s” may or may not include such theoretical 
topics as catalytic reactions, reversible reactions, Le 
Chatelier’s Principle, and oxidation states. The ad- 
vantage of the ritual (Motivation—How—Why) is that 
it is a means of coping with some of the difficulties of 
the one-year course. It attempts to link up chemistry 
with everyday experience and avoids the more rigorous 
theoretical approach; it exploits the excitement in- 
herent in the magic word ‘‘chemistry.” The danger is 
that the method may become an educational frill and 
form a veneer which hides the sterner stuff that de- 
velops the intellect. 

If physics and chemistry are taught as separate one- 
year courses, the inevitable question that arises is, 
Which should be taught first? Since physics is the 
more mathematical, it is argued that this subject should 
be deferred until the mathematical background of the 
student is able to cope with it. In other words, chem- 
istry should precede physics. But an equally strong 
counter argument is that chemistry leans heavily on 
physics—much more than physics leans on chemistry. 
For this reason, physics should precede chemistry. 
The result is that both approaches can be justified but 
that neither approach is pedagogically sound. Indeed, 
the only valid answer to the question is that neither 
subject should be taught first but that they should be 
taught simultaneously. The separation of the physical 
sciences into physics and chemistry is unfortunate 
The divison was made originally as a convenience and 
was not intended as a cleavage. Physics and chem- 
istry are two aspects of the same science. Physics 
deals with energy and its interrelation in the fields of 
mechanics, heat, electricity, and light; chemistry deals 
with the structural changes in matter that result from 
energy changes. To study one without the other is to 
get an incomplete picture and the student is seriously 
handicapped. These two sciences should be inte- 
grated and studied together for two years. Such a 
course would remove many of the difficulties inherent 
in the separate courses, it would prevent overlapping 
and needless repetition, and it would help to banish the 
one-year course from the curriculum. 

A possible two-year integrated course is outlined as 
follows: 

I. Basic Concepts of length, mass, time, force, density. 

II. Concept of Pressure 

Pascal’s Law; Archimedes’ Principle; 
pressure; Boyle’s Law. 

III. Concept of the Molecule 

Temperature; Expansion; Gas Law; Measurement of 
heat; Changes of state; Transfer of heat. 

Kinetic theory; Vapor pressure. 
Concept of the Atom 

Physical and chemical changes; Oxygen; Atomic 
theory; Hydrogen; Formulas and equations; Water; 
Weight calculations; Carbon and its compounds. 

Combination by volume; Gay Lussac’s Law; Avo- 
gadro’s Hypothesis. 
Concept of Energy 

Work; Machines; Friction; Power; Force and 
motion; Newton’s Laws; Conservation of energy; 
Mechanical equivalent of heat; Chemical energy. 

Reversible reactions; Equilibrium. 


Atmospheric 





Electrical Energy 

Magnetism; Electrostatics. 

Current electricity; Resistance; 
Power and energy; Induction; 
Transformer. 

Ionization; Electrolysis; Electrochemical equivalent; 
Acids, bases, and salts; Neutralization. 
Concept of the Electron 

Oxidation-reduction by electron transfer; Primary and 
storage cells. 

Sulfur and its compounds. 

Periodic classification and atomic structure. 

Halogen family; Nitrogen and its compounds; Metals. 
Concept of Wave Motion 

Speed of light; Reflection; Optical 

Sound; Radia- 


Magnetic effects; 
Generator; Motor; 


Refraction; 
instruments; Dispersion. 

Transverse and longitudinal waves; 
tions beyond the visible spectrum. 


In one school a two-year integrated physical sciences 
course has been taught for the past seven years. The 
separate one-year courses have also been given so that 
it has been possible to compare the achievements in the 
two cases. 

Probably the most striking thing about the inte- 
grated course is the maturity which the student de- 
velops in his second year. The first year is marked by 
the usual difficulties inherent in any new course. But 
the ideas seep in and continue to seep in, even during the 
long summer vacation. It is a common experience for 
weak students in the first year to show astonishing 
advances in the second. Moreover, some interesting 
results have been revealed by examinations (objective 
tests) given just before and after the summer vacation. 
Almost without exception the later examination shows 
again in knowledge. Contrary to the common opinion, 
the vacation is a maturing rather than a forgetting period, 
a potent factor in educational growth that is completely 
neglected in one-year courses. 

Toward the end of the second year the student in 
the combined course takes the same final objective 
tests as those in the one-year course. In other words, 
he is expected to maintain a “double front” throughout 
the year. Statistics show that the class median is 
higher in the case of “‘physical sciences” than in the 
separate studies. This is no mere trick of interpreting 
figures, for the same tendency is shown year after year 
with the regularity of clockwork. The students in the 
two-year course show considerably less ‘‘spread’’ than 
the one-year students. In other words, relatively few 
reach the “‘A’”’ group and, on the other hand, they are 
eliminated from the ‘“‘E”’ group. 

Probably the most startling comparison, however, is 
that of age. Since the integrated course simplifies the 
approach, it offers little difficulty even to boys of grade 
10. An analysis of the enrollment (1943-44) in the 
courses compared is shown in Table 1. 

In other words, the bulk of the students in ‘‘physical 
sciences” complete the second year of the course while 
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TABLE 1 
Physics 
Grade 12, 68 
Grade 11, 31 
Grade 10, 8 


Chemistry 
Grade 12, 32 
Grade 11, 35 
Grade 10, 5 
Physical Sciences (first year) 
Grade 11, 13 
Grade 10, 38 


107 students 


72 students 


51 students 


still in the 11th grade, whereas the majority of the stu- 
dents in the separate courses are in the 12th grade. 
And, in spite of the handicap of one year in age, the 
“two-year’’ student is superior. 

Some schools have been loath to adopt the physical 
sciences course because students must commit them- 
selves, at the outset, to two consecutive years of a 
science. This attitude reflects a fundamental weakness 
in school science teaching. So long as a two-year inte- 
grated course is regarded as an intellectual hazard there 
is little hope of improvement. 

With a more flexible curriculum a three-year, and 
possibly a four-year, science course could be made avail- 
able to all students. Such a four-year course (grades 
9 to 12) might be arranged as follows: 


Grade 9—A general science course. 


Here the student would pick up some of the language and F 


ideas of science and receive his first introduction to deductive 
reasoning. 
Grades 10 and 11—The integrated physical sciences course. 
Grade 12 

The fourth year should allow considerable choice for the 
science teacher. Biology, for instance, is enriched if it follows 
rather than precedes the physical sciences. An alternative 
course would be industrial physics and chemistry or, if a college 
preparatory class, physical chemistry. This final year is 
also the natural place for “‘war’’ courses. With a background 
of physical sciences the student could readily take up aero- 
nautics, radio communication, and various aspects of chemical 
warfare. 


Although the war has made us acutely aware of our 
responsibilities, only makeshift changes have beet 
made and these have been heralded with fanfare. Now 
is the time to act boldly and effectively. At present 
there are too many independent groups attacking the 
problems of the curriculum. There is obviously 4 
sincere desire to act efficiently, but no centralized com: 
mittee has been appointed to coordinate the divergett 
views into a common policy. There is a danger that 
this activity may be only a passing phase and that we 
may again revert to a policy that has proved so ine: 
fective. The teaching of science in our schools is 3 
national problem and should be examined by our lead: 
ing educators and scientists. Only in this way can out 
present curriculum be overhauled and revised and mate 
more representative of our modern age. 


Nearly two and a half million bushels of corn, marked as a source of alcohol, were 
withheld by farmers in 1943 because it was more profitable to feed it to hogs. 
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HIGH-SCHOOL CHEMISTRY 


The Cause of Color in Precious Stones 


FRANK B. WADE 
Shortridge High School, Indianapolis, Indiana 


N USING modern physics to account for the 

beautiful colors of some of our precious stones we 
are dealing with only a minor part of a much larger 
subject, namely, the emission and absorption of 
electromagnetic radiations by matter. 

We shall be interested only in the spectral lines 
which the human eye can recognize, and shall confine 
ourselves to those gems which have what is called 
allochromatic character rather than ideochromatic prop- 
erties. Stones of the transparent type, such as rubies, 
sapphires, emeralds, amethysts, etc., come under this 
classification. 

It is now rather well established that the optical 
effects of matter reside mainly in the outer two energy 
» levels of the atom,! corresponding to the valence 
: electron levels of the chemist. Expressed in electron- 
volts, the amount of energy required’ to affect the 
electrons of these levels is relatively small. There- 
fore, in constructing a theory of the cause of color 
in gems we must seek facts about the valence electrons 
of those atoms cgncerned with the appearance of color. 

For a long time it has been increasingly apparent: 
(1) that the reported impurities of color in otherwise 
colorless materials, such as white sapphire, crystal 
quartz, colorless beryl, and others, were elements in 
the so-called ‘‘transition”’ series in our periodic table 
(the elements of atomic numbers 22 to 29, 7. e., ti- 
tanium, vanadium, chromium, manganese, iron, co- 
balt, nickel, and copper); (2) that these are the ele- 
ments which give us most of our colored ions (the 
ionic condition may be necessary); and (3) that these 
elements are among those most used to make colored 
glass. Here we have some facts which seem to con- 
nect color in transparent media with the elements of 
the transition series. 

Again, it is notably true that changes in the valence 
of these elements, as ferrous to ferric, chromous to chro- 
mic, cobaltous to cobaltic, etc., are usually accom- 
panied by a change of color in the ions concerned. 

Supporting facts come from gem lore. Aluminum 
oxide (sapphire) or magnesium aluminate (spinel) are 
the basic materials in the manufacture of all synthetic 


1De Brociiz, ‘“Atomes, Radioactivité, Transmutations,”’ 
Flammarion, Editeur, Paris, France, 1937 
_ De Broglie insists that chemical properties, and phenomena 
in the realm of visible light and cohesion concern only the elec- 
trons in the most exterior levels, where in the case of all atoms the 
labor of extraction does not surpass more than a relatively small 
number of electron-volts. 


gems. Both of these are colorless unless traces of the 
transition elements are supplied—chromium for ruby, 
iron and titanium for blue sapphire, nickel for a yellow 
stone, cobalt in spinel for blue, vanadium in either 
sapphire or spinel for a changeable stone which is green 
in bright daylight but reddish in artificial light of long 
wave length, and which is sold as synthetic Alexandrite. 
(The true Alexandrite is a chrysoberyl of similar color 
tendencies.) 

Moreover, during the manufacturing process, it 
seems necessary to maintain reducing conditions in the 
furnace to obtain the desired color of synthetic blue 
sapphire. Again we have a valence factor involved, 
as well as the presence of two transition elements, iron 
and titanium. 

Further evidence of a low order of energy such as is 
found among the valence energy levels of atoms is 
the fact that a ruby becomes green when it is gently 
heated and stays green while hot, but returns to its 
red color when it is cooled. The slight addition of 
energy required to raise the temperature a few hun- 
dred degrees changes the color of the stone. 

More evidence may be had from a report of Dr. 
George Clark of the University of Illinois, in the 
Illinois Science Teacher of October and December, 
1940, that an x-ray examination of zinc oxide at 600°C. 
reveals breaks in the space lattice—evidence of the 
loss of electrons. At this temperature the zinc oxide 
also turns yellow and becomes a conductor of electricity. 
On receiving a moderate amount of heat energy, zinc 
becomes capable of resonance effects as far as visible 
light is concerned. 

The fact that the natives of Thailand can alter the 
color of brown zircons simply by the manner of heat- 
ing is another point to make in connection with the 
importance of valence electron levels of gems. When 
the brown stones are heated in a reducing atmosphere, 
while buried in charcoal, they turn blue, and when 
they are heated while exposed to the open air, they 
turn white. 

Now that we have sufficient evidence of a funda- 
mental connection between the electrons in the 
valence levels of the elements of the transition series 
and the colors of allochromatic gems, colored glasses, 
and solutions which contain colored ions, let us at- 
tempt an explanation. The late Sir William Bragg, 
in ‘The Universe of Light” (p. 124) says, ““The molecu- 
lar absorption of light is of the nature of a resonance.’’ 
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We know that the color of indigo can be changed from 
blue to colorless by a very slight change in its mole- 
cule, for example, the addition of two atoms of hy- 
drogen. The blue color can be restored by a mild 
oxidation which removes the two hydrogen atoms. 
Thus, we may think of the absorption of visible light 
which occurs in gems as a resonance effect among the 
valence electrons of the atoms of the coloring im- 
purities, and conclude that the energies, or frequencies, 
of the outer electron level of the eight elements which 
have been mentioned as causing the colors, are in tune 
with the energies, or frequencies, of some part of 
visible light. Part of the light is transformed—per- 
haps into heat—and part succeeds in penetrating into 
the atomic maze, the resulting color depending on the 
element involved. 

In the case of colorless minerals, none of the light 
energy is removed by vibrating ‘‘sympathetically” 
within the mineral. All the energy in the visible 
spectrum comes out equally well, and white light is not 
absorbed by the material. If a stone contains more 
than a small amount of a coloring agent, it appears 
black. The coloring agent must be in a condition 
corresponding to dilute solution in order to pick up 
the specific energy and transmit the rest of the light. 
Our theory, then, is that color in gems is due to 





THE following films are available for loan provided 
the borrower is responsible and pays transportation 
charges: 

Meat and Romance.—16 mm., sound. Quentin L. 
Lambert, Department of Information, National Live 
Stock and Meat Board, 407 South Dearborn Street, 
Chicago, Illinois. 

Fight That Fire-—16 mm., sound, color, also black 
and white. 11 minutes. Instructor’s manual avail- 
able. Pyrene Manufacturing Company, 560 Bel- 
mont Avenue, Newark, New Jersey; also 242 Spring 
Street, Atlanta, Georgia; 444 N. Lake Shore Drive, 
Chicago, Illinois; 977 Mission Street, San Francisco, 
California. 

Forty-seven assorted subjects. Send for G M 
Film Catalog, Fifth Edition, 1943-1944, 1775 Broad- 
way, New York 19, New York. 

Six titles dealing with aluminum and its fabrication 
—sound, 16 or 35 mm. Aluminum Company of 
America, Pittsburgh, Pennsylvania. 





Films Available 


The zinc-coated steel penny, coined in 1943, saves 4000 tons of copper. A new cop- 
per penny, being coined this year, is made from discarded cartridge shells. 





JOURNAL OF CHEMICAL EpucaTIon 


\ 









selective absorption of parts of the visible frequencies 
of light by a resonance effect among the valence 
electron levels of particular atoms. These atoms, 
most often found in the transition series, are present 
only in small amount, 7. e., in low concentration in the 
space lattices of the crystals. 

Probably effects similar to what we call color occur 
when electromagnetic energy of frequencies un- 
recognizable to the human eye passes through layers 
of other elements, thus being sympathetically ab- 
sorbed or passed on, according to resonance effects. 

There are many optical effects involved in ration- 
alizing the many interesting behaviors of gems. Di- 
chroism, the differential absorption in different direc- 
tions in some crystalline materials, is accompanied 
by plane polarization of light. Fluorescence, with its 
accompanying change of frequency, usually but 
not always toward lower frequency, must be accounted 
for; also phosphorescence, a slow dying-out of the 
disturbed condition after the source of provoking 
energy has been cut off. Refraction and reflection 
still must be accounted for on a modern basis. It 
is the author’s hope that this attempt to rationalize 
color effects in gems may lead some better-prepared 
scientists to apply their physics and mathematics f 
successfully to this interesting problem. 
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Editor's Note: For several years it has been the custom to hold a Student Session 
at the spring meeting of the Division of Chemical Education, at which college and 
high-school students of chemistry are invited to offer their various contributions in the 
form of papers on such subjects as they may choose. For various reasons only a few 
of these papers have hitherto been published. Now, jrom our files we have taken some 
of the best and present them as a group in the following pages. In some of them there 
will doubtless be intrinsic interest; all of them will be interesting as showing the stand- 
ard of student accomplishment. If any apology ts due it is for delaying some of these 
until the authors have gone on to better things. 


Benefits of Undergraduate Research 


Description of a Problem 


NASH COLLIER, JR. 


Howard College, Birmingham, Alabama 


» JN REGARD to research the undergraduate student 
|E is only at the beginning of a great important ex- 
perience. He is far from having formed any mature 
convictions, and, it seems to me, he would be unwise 
to make any assertions without frankly qualifying 
them as first impressions. And so, extending these 
qualifications to my own case, I shall explain what 
undergraduate research has meant to me. 

I should like to emphasize the necessity for care- 
fully analyzing the problem beforehand, as the most 
important single thing that I learned from my expe- 
tience. By breaking it down into steps, and working 
each step out in detail I learned I could save many 
laboratory hours. I found that an idea or a sketch 
1s much easier to modify than a piece of apparatus, 
and it is because of his ability to follow the details of 
4 process in his mind that an experienced research 
worker makes fewer false starts than the beginnner in 
the laboratory. 

Furthermore, each step in the procedure should 
be simplified to the utmost. Laboratory operations 
Onsume much more time than beginners usually 
alot in their planning, and difficulties from trivial 
Sources often prove troublesome out of all proportion 
0 their importance. The more complicated the 
method, the more numerous these details become. I 

to remember that the one most successful piece of 
laboratory equipment in the history of science is the 
simple test tube. 

The library work was of real value to me. I be- 
ame familiar with the local library facilities, ran the 

‘Presented before the Division of Chemical Education of the 


American Chemical Society, 103rd meeting, Memphis, Tennessee, 
Pril 22, 1942. 


abstracts, translated from ‘Beilstein’? and German 
journals, became familiar with the names and im- 
portance of many journals in foreign languages, found 
how I could get information from out-of-town li- 
braries, and when I had exhausted other sources of 
information, found how generous established chemists 
are in giving advice and information in their own 
fields. And even more important, I realized that 
library work must be done thoroughly before laboratory 
work begins. Any amount of time may be wasted 
duplicating results already published. 

Thus in college I have made a first step in research. 
Certainly it will be of service to me in graduate school 
where the work is heavy even under favorable con- 
ditions. Furthermore, through a group arrangement 
among southern colleges, I have enjoyed the privilege 
of knowing and working under the direction of a suc- 
cessful and experienced research chemist, Dr. E. 
Emmet Reid. To have had contact with him and to 
have understood something of his point of view have 
contributed much to my own growth. 

The following is an outline of the problem on which, 
figuratively speaking, my co-worker, J. Kelly Gladden, 
and I have been cutting our teeth. 

An examination of the reaction between urea and 
aniline hydrochloride in hot water to yield monophenyl 
urea and then on further heating with excess aniline 
hydrochloride to give s-diphenyl urea or carbanilide 
showed that the mechanism is complex and consists of 
quite a number of consecutive reactions and rearrange- 
ments. The last two steps of the reaction are prob- 
ably between phenyl isocyanate and aniline, in which 
aniline adds to the carbon-oxygen double bond, and 
the product rearranges to carbanilide: 
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It was desired to measure the rate of the first re- 
action between aniline and phenyl isocyanate, ex- 
cluding the rate of the rearrangement to carbanilide. 

The solvent selected was ether, because, among 
other reasons, it dissolves the reactants, does not react 
with phenyl isocyanate, and does not solidify at the 
temperature of carbon dioxide ice. This latter con- 
sideration eliminated benzene as a solvent. 

Preliminary measurements showed the reaction 
to be many times too rapid for measurement by ordi- 
nary means at room temperature, but at the tem- 
perature of carbon dioxide ice the rate is satisfactorily 
slow. 

A considerable source of difficulty in preparing the 
reaction mixture is that the so-called absolute ether, 
dried over sodium, contains about 0.1 per cent water. 
This small percentage of water corresponds to about 
0.05 molar water, and since the water present is equiva- 
lent to and destroys equal numbers of moles of phenyl 
isocyanate, this much water destroys about 6 g. of 
phenyl isocyanate per liter. To reduce this error to 
10 per cent, the initial concentration of the reaction 
mixture would have to be 0.5 molar, or about 60 g. 
phenyl isocyanate per liter of ether, too strong a 
solution for kinetics work. Therefore, the ether must 
be very dry, and this can be accomplished by distilling 
the best grade absolute ether from P.O; in a closed glass 
system, making the solutions of aniline and phenyl 
isocyanate of known strength without ingress of 
water. 

We have decided to follow the course of the re- 
action by determining the amount of unreacted 
aniline. A series of reaction mixtures of the same 
strength are to be made up and the reaction allowed 
to proceed for various time intervals until stopped 
by the addition of the reagent, gaseous HCl. Since 
most reagents for determining aniline react with 
phenyl isocyanate and with carbanilide (the reaction 
product) the aniline has to be separated from the 
reaction mixture. This can be accomplished by 
passing in gaseous HCl, as mentioned above, which 
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precipitates the hydrochloride of aniline which is 
insoluble in dry ether, and thus stops the reaction at 
the same time. 

The precipitated aniline hydrochloride is too vola- 
tile to be dried to a constant weight and determined 
gravimetrically. But it may be determined with 
bromine, and the excess bromine titrated isometrically, 

There is a difficulty, however, that arises from this 
method, 7. ¢., the reaction product is soluble to the 
extent of only about 1 g. per liter in ether, and precipi- 
tates out during the course of the reaction. When the 
aniline is precipitated by HCl, the hydrochloride mixes 
with the reaction product already precipitated. But 
since the reaction product, carbanilide, reacts with 
the brominating mixture, it must be separated from 
the aniline hydrochloride. This is done by filtering 
the reaction mixture from the mixed precipitate with 
water, and determining aniline in the water solution. 
Carbanilide is virtually insoluble in cold water. 

The reaction vessel, which I made in our laboratory, 
including the sintered filter, consists of two Florence 
flasks with ground-glass stoppers connected at the 
centers of their bulbs by a large bare tube, and with 
a sintered or fritted filter arm on the side of one flask. 
Into one side of the vessel 25 cc. of standard aniline 
solution in dry ether are introduced and into the other, 
25 cc. of phenyl isocyanate solution in dry ether. 
To keep out moisture, dried air is flushed in the vessel 
while the solutions are added and the vessel is then 
brought to the temperature of carbon dioxide ice. 
The solutions are mixed by tilting the vessel. At 
the end of a given time the reaction is stopped by 
passing in HCl gas, and when precipitation is complete, 
the vessel is further tilted and the reaction mixture 
filtered off by suction. The aniline hydrochloride is 
washed out of the filter with cold water and the aniline 
content determined as indicated above. 

It is expected that the reaction will be found to’be 
bimolecular in character, giving the typical second order 
graph. 

Preliminary testing and the method of procedure 
are now worked out, and the effort will be continued 
until June, by which time it is hoped that some sig- 
nificant data will have been accumulated. 

In closing I would like to say that whatever the 
actual data amount to, it is good to have run squarely 
against the impartial barriers to truth; to have joined 
an impersonal game in which neither pull nor politics 
enters, and in which no amount of back-slapping wil 
buy a victory. 


New types of glass, containing no silica but only, for example, oxides of B, Al, Cd, 
and Zn, have been developed which give promise of improved lenses for cameras and 


microscopes. 





Copper from Chile 


NANCY BROWER 
Mary Hardin-Baylor College, Belton, Texas 


OPPER, a key metal in both war and peace, is a 
gift of earth’s great depths. Probably one of the 
fundamental discoveries of the cave man which made 
possible our tremendously complex machine age was 
the finding of a lump of pure copper. Our knowledge 
of copper has been derived from all races and nations, 
but directly and largely from the Romans who gave it 
the name by which we know it today. 

Prehistoric men used copper for axes and knives, 
in place of stone; for pins, in place of bone or splinters 
of wood; for necklaces and other ornaments, in place 
of shells or bright pebbles. Early Egyptians used copper 
for their temples, drains, plates, lamps, chains, cook- 
ing utensils, and doors. The early American Indians 
were taking the first step away from the Stone Age 
culturally when they used copper to make their fish 
hooks, knives, and pins. In the Orient, methods were 
invented of casting statues of bronze, life size or even 
larger, but it was the Greeks who brought this method 
to perfection. The Romans constructed their temples 
and public buildings out of copper when they conquered 
and ruled the Western world. 

Copper had a great part to play in the development 
of civilization in the use of copper coins, or of bars as a 
means to pay for.the necessities of life in the ancient 
days. Although the Egyptians used copper for money, 
they had to weigh it and test its purity. It is believed 
that the Chinese were the first people to use coinage. 
Chinese coins were made of brass cut in the shape 
of miniature knives and other articles. The Greeks 
were the first to use coinage in any way similar to ours. 
These coins, too, were made of brass as well as of 
silver and gold. Today, all of our coins contain cop- 
per. 

The copper deposit with which I am familiar, 
and near which I lived most of my life until three years 
ago, is located in Chuquicamata, Chile. This city 
is on the west slope of the Andes, 10,000 feet above 
sea level, about 150 miles north and east of the city 
and sea port of Antofagasta. It is a tiny civilization 
transplanted in the center of the Atacama Desert, 
150 miles away from any sort of civilization. Of the 
25,000 citizens, 7500 are employed by the copper mine.” 
This mine is the largest open-pit copper mine in the 
World. The reserve is estimated at 134,000,000,000 
pounds.* The deposit is 2500 meters long, 700 meters 
wide; and, although the depth has not been finally 
determined, there are several prospect drill holes 

‘Presented before the Division of Chemical Education of the 

erican Chemical Society, 103rd meeting, Memphis, Tennessee, 
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| Fortune, January, 1942, p. 148. 
Encyclopedia Britannica,” Vol. 5, p. 491. 


600 meters deep which were discontinued while still 
in ore. In other words, it is one and a half miles long 
and almost a half mile wide and deep. Even in our 
back yard, copper ore could be found. When as a 
child I used to go to the seashore, I used to brag to my 
playmates as we made sand cakes and pies, that at 
home I made cakes and pies out of copper, or green 
mud. When asked what copper was, I said, ‘‘Oh, 
something, more valuable than gold.” Little did I 
know then the real value of this metal. 

Because this deposit can be worked as an open-pit 
mine, the copper can be mined with much less expense 
than the underground mines of Montana. The deposit 
is owned and operated by an American company, 
Anaconda. Today it furnishes a large share of the 
copper used in the United States’ defense industries. 
The slopes of the copper mine are beautiful. If you 
can imagine hills of these bright green minerals in a 
solid mass a mile long, you will have an idea of what 
they are like. 

You may wish to know how such a large deposit 
of copper came to be in one place. All mineral de- 
posits are found on what is termed the “‘crust’’ of the 
earth, or within five to ten miles from the surface. 
Mineral deposits of this type can be formed in many 
different ways. Geologists describe them as “local 
accumulations or concentrations of ores,”’ but geologists 
themselves cannot always prove how these ores hap- 
pened to become concentrates. They have theories 
and often enough proof to back these theories. They 
believe that the Chuquicamata deposits of copper 
were formed from volcanic eruptions near the surface 
of the earth and as veins and replacement deposits 
above and near intrusions of igneous rocks. This 
theory is supported by the fact that the deposit is 
located about 30 miles from two volcanoes which are 
now active and have frequent eruptions. It is be- 
lieved that the copper ore originated in the hot molten 
material in the interior of the earth. First, it was the 
magna itself, as this molten material is called, that 
carried the copper mineral up to the crust. The magna 
intruded itself into the rocks. The copper and other 
minerals either stayed with the rocks or just separated 
as pure ore. The cooling and crystallizing gave off 
aqueous solutions that carried the minerals upward 
to be deposited in cracks. When the molten rock and 
its gases no longer rose from the interior of the earth, 
hot water took up the task of elevating the minerals 
to the surface. In deeper parts of the earth, the 
waters are under great pressure which allows them to 
take into solution compounds that we usually believe 
and know to be difficult to dissolve in water. As the 
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water rose to the surface, the pressure decreased and 
the water could no longer hold the dissolved com- 
pounds. They dropped them and ore deposits formed.‘ 

The ore at Chuquicamata was worked by the 
Spaniards as early as 1601, and by the Indians long 
before this; but, of course, they did not apply our 
modern methods of mining the copper.® 

The mine is now worked as an open pit or quarry, 
in benches each 12 meters high. The ore is broken 
down by blasting churn drill holes drilled parallel 
to the face. An average blast breaks about 100,000 
tonsinrock. The broken ore is then loaded into 70-ton 
standard gage railroad cars by revolving electric 
shovels each having a capacity of 3600 tons in eight 
hours. The cars are hauled to the plant a distance of 
3.5 kilometers by 80-ton electric locomotives. 

The ore occurs in three distinct classes, namely,® 
the oxide, the mixed ore, and the sulfide. The prin- 
cipal oxide ore in this deposit is Antlerite. It is the 
only type of ore that has been treated up to date. 
The steps used in obtaining the copper metal from 
the impure oxide are crushing the ore, roasting it, ex- 
tracting the copper, precipitating it from solution, 
and purifying it by electrolysis. The ore is crushed at 
the plant until 90 per cent of it passes through a */s-inch 
sieve. The ore is then roasted at a temperature varying 
from 300 to 800 degrees. In the leaching extraction 
method, which is practiced in Chuquicamata to separate 
the copper ore from the rock and other minerals, 
the roasted ore in suitable vessels called vats is sub- 
jected to the action of a dilute solution of sulfuric acid 
which acts as a solvent for the copper. In the next 
step the copper sulfate solution obtained is removed 
from the pulp, scrap iron is added, and the copper is 
deposited in a finely crystalline form, the equivalent 
amount of iron replacing it in the solution. This form 
of copper is impure, and therefore must be melted 
down and refined by electrolysis. For this process the 
impure copper is cast in slabs which are placed in suit- 
able tanks and act as anodes, while sheets of refined 
copper are used as cathodes. The tanks are filled with 
a copper sulfate solution that serves as the electrolyte 
and must contain some free acid. The passing of a 
direct current through the solution causes copper to 
be deposited at the cathode with the release of a cor- 
responding quantity of sulfuric acid which attacks 
copper sulfate. This action is continued until the 
anode has been consumed with a minimum waste. 
The impurities in the anode solution fall and collect 
on the tank bottom in the form of a sludge, which 
contains a high concentration of precious metals. 
The refined copper cathodes are removed from the 
tank when built up to a convenient thickness, washed 
and dried, and melted down under proper oxidizing 
and reducing conditions in a reverberatory furnace 
or casting furnace. The molten copper is cast into 


4 LINDGREN, ‘‘Mineral Deposits,” 4th ed., McGraw-Hill Book 
Company, Inc., New York, 1933, pp. 112-26. 

5 “Encyclopedia Britannica,’ Vol. 5, p. 491. 

6 Private communication. 
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sheets or bars which are then ready to be shipped to 
the smelters. 

In the laboratory I have tried to use a small piece 
of ore, and change it to copper by following the above. 
mentioned steps. I placed a rock that contained 
the green oxide ore in dilute sulfuric acid. After the 
green part was extracted, I filtered the mixture and 
obtained a copper sulfate solution. To this I added 
iron nails. The iron displaced the copper from the 
solution in a powder-like or finely crystalline form. 

When the molten copper is made into bars, it is used 
chiefly for making wire; when it is made into slabs 


or square cakes, it is used for rolling purposes; when} 
it is made into circular cakes, it is used for making} 


seamless cylindrical products such as tanks and hot 
water heaters; when it is made in round billets, it is 
used for seamless copper tubing; and the copper thatis 
cast in ingots is used for casing or for the manufacture 
of alloys. 

These are just some of the present-day uses oj 
copper. One of the most important uses is in elec- 
trical appliances, chiefly because its conductivity 
stands only second to silver. Robert E. McConnell, 
chairman of the Engineers Defense Board, New York 


City, has said, “The shortage of copper will causef 
more inconvenience and dislocations than will bef 
He believes thatP 


because of the shortage of copper, silver could bef 


caused by any other shortage.” 


economically substituted in electrical wiring and 
equipment of the new magnesium and aluminum plants. 
The Government owns 100,000 tons of silver which now 
lie idle in vaults. The silver will be safe because these 
plants will work 24 hours a day and will always be 
guarded, and because the wires will be charged witha 
high voltage all the time. When the emergency is 
over the silver conductors may once again be replaced 
by the copper ones. Exactly 25,000 tons of copper 
could be saved in this way in the new plants and about 
50,000 tons in other plants.’ 

Cornelius Kelly, Anaconda’s Board Chairman, sug- 
gested in 1933 that, because half a million tons o 
refined copper were available, the Government shoul 
begin to stockpile it, as it had done silver and gold, 
against the contingency of war. This was not done. 
In fact, copper was neglected entirely. The great 
potential stockpile available at that time was large 
enough to supply the equipment for 600 battleships, 
2,400,000 bombers, and 66 power developments. This 
copper has vanished and in its place is the shortage that 
is now facing us.® 

Recent estimates are that the total productive 
capacity of Chilean copper will be required for military 
purposes alone. Amidst the great copper shortagé 
the Chuquicamata deposit becomes a powerful it 
strument of war. In 1942 it will produce one-thirl 
of the United States’ supply. Chile produces 85 pt 
cent of the copper in Latin America. The Chuquict 
mata mine and two other deposits are American owned. 


7 Science News Letter, Nov. 22, 1941, p. 332. 
8 Fortune, January 1942, p. 53. 
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There has been no public confirmation as yet of the 
rumor that the United States Government has reached 
an agreement to purchase copper from the mines of 
Chile, but the owners of the mines see strong support 
for it in Washington’s attitude toward assuring suffi- 
cient copper to satisfy defense needs. No decision 
has been reached as to what method of purchase will 
be followed, or as to what ties are involved. Chilean 
copper was shipped to France. After the fall of 
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France it was shipped to Japan but now it is shipped 
under lend-lease to England. 

Indeed, in the United States, we can be glad that 
the people in Chile are friendly toward us, for the 
copper mines in this country cannot possibly furnish 
enough material to satisfy our needs of defense. The 


fact that the copper from the mine at Chuquicamata 
is available to us and not to the Japanese or totalitarian 
powers is a decided advantage in fighting this war. 


The Diffusion of Gaseous Hydrocarbons 


through Rubber Membranes 


LOREN LONG 
North Texas State Teachers College, Denton, Texas 


T MUST be understood that the following paper on 

the investigation of the diffusion of hydrocarbons 
through rubber membranes is a preliminary report. 
The research is by no means finished. 

The investigation grew out of a desire to discover 


7 some method whereby the isoparaffins of petroleum 
) might be isolated in a higher state of purity than has 
|, heretofore been found possible. 
) has intrigued chemists for the last 40 years, is one whose 


This problem, which 


solution would have far-reaching effects on industry as 
we know it today. Ellis states that should it be found 
possible to separate the isoparaffins of petroleum, a new 
field would open,up which would rival in importance 
the chemistry of ring compounds and increase the value 
of petroleum to such an extent that a substitute fuel 
would have to be found for internal combustion en- 
gines. 

A study of scientific literature revealed that prac- 
tically no work has been done on the diffusion of iso- 
paraffins through rubber membranes, though Baxter 
and Beckham, of the Colorado School of Mines, pub- 
lished in 1933 a paper on ‘‘Diffusion as an aid to the 
analysis of gaseous hydrocarbon mixtures’’(1). Their 
investigation involved the diffusion of hydrocarbons 
through a small orifice, the diameter of which was large 
in comparison with the mean free path of the mole- 
cules. An extension of the Maxwell diffusion equation 
was made to apply to a mixture of gases diffusing 
through the orifice against atmospheric pressure at a 
constant temperature. By using the diffusion method 
in combination with the absorption and slow combus- 
tion equipment, they were able to arrive at a closer ap- 
proximation of the content of hydrocarbon mixtures 
than had previously been possible. However, their 
work does nothing toward solving the problem of puri- 
fying the isoparaffins. 

Several months were spent in developing a piece of 
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' Presented before the Division of Chemical Education of the 
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efficient apparatus which could be quickly and easily 
taken apart so that a new membrane might be inserted. 

The first pieces of apparatus were made almost 
entirely of glass, and were for the purpose of determin- 
ing whether the liquid hydrocarbons in the gaseous 
state could be made to diffuse through the membranes. 
Such an apparatus was found impractical because of 
the extreme difficulty encountered in constructing it so 
that pressures of several atmospheres might be reached 
without danger of breakage. Other difficulties were 
the maintenance of a diaphragm of uniform area, the 
support of the diaphragm against pressure in a manner 
to prevent any additional diffusional effect, and es- 
pecially the maintenance of a tight connection between 
the bomb and the receiving flask. 

In order to prevent leakage, it was necessary that a 
very tight joint be constructed between the bomb and 
the receiving flask, which, of course, involved a rather 
crushing pressure on the rim of the glass. Several acci- 
dents turned us in favor of metallic apparatus. 

The apparatus which is now in use consists of a 
bomb made of six inches of 3-inch steel pipe which gives 
it a volume of 700 cc. Attached to the bomb near the 
top is a pressure gage and an outlet tube of copper 
fitted with a stopcock for evacuation purposes. A 
51/2-inch disc of machined steel has been welded to the 
end of the cylinder so that a seat is formed for the dia- 
phragm. There are six equally spaced holes near the 
edge to take care of 5/1s-inch machine bolts. 

The detachable section of the head of the bomb is 
made of a similar disc of steel which is machined to set 
down into the part of the head which is welded on the 
pipe in such a manner that the diaphragm is between 
two rings of steel '/, inch wide. The nuts may be 
tightened until the bomb is leakproof to hydrocarbons 
except as they diffuse through the diaphragm which has 
an effective area of 44 sq. cm. 

When in use the bomb is placed in an air bath which 
is heated by a resistance coil. The temperature is 
controlled by a De Khotinsky thermoregulator to 
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within 1°C. A small electric fan is located in the 
upper part of the air bath in order that the hot air may 
be circulated in a manner to keep all parts of the bath 
at the same temperature. 

The delivery tube from the bomb leads to a gradu- 
ated receiving flask which is evacuated and cooled in 
order that the difference in pressures in the bomb and 
in the receiving flask might be as great as possible. 

In actual practice it was found that the maximum 
temperature at which a rubber diaphragm of the type 
obtained from the E. I. du Pont Company could be 
used was 140°C. At this temperature the diaphragm 
would last for about 24 hours before it began to fuse 
against the support. At 130°C. the diaphragms may 
be used for several days. 

Since it has been quite definitely established that the 
structure of rubber undergoes a change when sub- 
jected to stretching (2), it is necessary that a series of 
diffusions be carried out in such a manner that the dia- 
phragm is not distorted because of the pressure exerted 
on it. It thus became imperative that the diaphragm 
be supported. The detachable head of the bomb is so 
constructed that when it is placed down on the dia- 
phragm and the pressure within the bomb increased, 
the diaphragm is against a screen of nickel-chromium 
gauze. Should we desire to investigate the difference 
in the diffusion of hydrocarbons through rubber whose 
structure is changed because of stretching, we have 
merely to remove the gauze in order to let the pressure 
expand the diaphragm. 

The material for the diaphragms was furnished by 
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the E. I. du Pont Company of Wilmington, Delaware, 
Two sets of diaphragms were given to us. One set 
consisted of rubber sheets of the following dimensions 
and composition: 10 sheets 5!/2 by 6 by 0.05 inches; 
10 sheets 51/2 by 6 by 0.125 inches; 10 sheets 5'/2 by 
6 by 0.187 inches. Rubber (smoked sheets), 100; 
zine oxide, 5; P-33 Black, 92.1; stearic acid, 2; Neo- 
zone D, 2; Thionex, 2.5; sulfur, 0.4. 

The second set of diaphragms was a duplicate set in 
neoprene instead of rubber. The composition is: 
Neoprene type E, 100; magnesia, 10; FF wood rosin, 
3; P-33 Black, 60; Neozone D, 2; zinc oxide, 10. 

Both stocks contain an equal volume loading. That 
is to say, the rubber and the neoprene are diluted to the 
same extent. Neozone D is a du Pont antioxidant and 
is chemically phenyl-b-naphthylamine. Thionex is a 
du Pont accelerator and chemically is tetramethyl- 
thiuram-monosulfide. Theoretically it will contain 
46.1 per cent sulfur. P-33 Black referred to is a soft or 
nonreinforcing carbon black. Wood rosins are graded 
according to their color. The initials FF in the neo- 
prene formula refer only to the color of the wood rosin 
used. 

The sulfur content of the neoprene will be from 0.5 to 
1 percent. The rubber compound was cured in a mold 
in a hydraulic press for 40 minutes at a steam pressure 
of 40 pounds and a temperature of 141.5°C. The neo- 
prene compound was vulcanized for the same time, but 
at a pressure of 60 pounds and a temperature of 
153.0°C. 

A characteristic of rubber which must be taken into 
account is that of swelllng, a property which shows it- 
self when rubber is placed in practically any hydrocar- 
bon such as benzene, gasoline, etc. Though just how 
the molecules of vulcanized rubber are interrelated 1s 
not known, the phenomena of swelling and elasticity 
indicate that there is a strong attraction between them 
which sets up a complicated three-dimensional network 
which in effect forms a single giant molecule, except for 
the uncombined vulcanizing ingredients. 

Scott has shown that the swelling is due to two dil- 
ferent processes (3). If we plot the increase in volume 
against time we get a curve which rises rapidly at first 
and then more slowly. The initial rapid rise is thought 
to be due to a physical saturation of the rubber, while 
the slower rise is due to chemical action. 

After being in gasoline for three days, the rubber ob- 
tained from the du Pont Company increased in thick- 
ness by 40 per cent while the neoprene increased in 
thickness only 10 per cent. 

The hydrocarbons used in this investigation were ob- 
tained from the Eastman Kodak Company and the 
Texas Company. The normal heptane and octane 
were made synthetically and are of a high degree of 
purity, while the hexane, cyclohexane, and methylcy- 
clohexane were prepared from petroleum. The 2,2,+ 
trimethylpentane was obtained from petroleum also. 

In running a diffusion on a particular hydrocarbot, 
the procedure was as follows: 40 cc. of the hydrocarbon 
to be determined were placed in a beaker within the 
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bomb. The detachable part of the head was placed 
down over the diaphragm and bolted into place. It 
was found that gaskets were not necessary since the 
pressure exerted by the parts of the head against the 
diaphragm was distributed evenly and there was no 
cutting into the rubber. The bomb was placed in the 
air bath and the receiving flask connected. First the 
receiving flask was evacuated and then the bomb. The 
evacuation is for the purpose of increasing the differ- 
ence in pressures and also to remove the layer of air 
which would be above the hydrocarbon. 

The temperature is then raised to the desired point 
and readings taken over a period of from 24 to 48 hours. 
Time is then plotted against volume to show the 
relation between the pressure and the rate of diffusion. 

Figure 2 shows the results of a series of diffusions 
with normal heptane and iso-octane using various 
diaphragms of rubber and neoprene. 

Curve A represents the diffusion of normal heptane 
through the 0.05-inch diaphragm at a temperature of 
110°C. and a pressure of 22.3 pounds. Curve B repre- 
sents a similar diffusion with the temperature changed 
to 120°C. and the pressure to 30.7 pounds. Curve C is 
a third diffusion with the temperature raised to 130°C. 
and the pressure to 37.5 pounds. 

A study of the curves shows that the rate of diffusion 
The slope of 
Ais equal to 1.3 and the slope of B equals 1.8. Then 

Slope of A 1.3 ‘22. 3 


Slope of B ~ 1.8 ~ 30.7 
29.91 40.14 


pressure of A 
pressure of B 





which is within experimental error. 

Curve G represénts the diffusion of normal heptane 
through the 0.187-inch diaphragm at a temperature of 
119.7°C. and a pressure of 30.2 pounds. On measuring 
the increase in thickness of the diaphragm in curve B, 
it was found to have increased to a thickness of 0.07 
inch while the diaphragm in curve G increased in thick- 
ness only to a very small degree. This was probably 
due to the fact that the thicker diaphragm requires 
a much longer time to expand. The slope for curve G 
80.7. Then 


Slope of B 
Slope of G 


0.187 
~ 0.07 
0.1309 


pe thickness of G 1.8 
thickness of B 0.7 
0.126 = 





which indicates that the rate of diffusion is inversely 
proportional to the thickness of the diaphragm. 

Curve D represents the diffusion of iso-octane (2,2,4- 
trimethylpentane) through the same diaphragm as used 
meurve B. The slope of this curve is 1.6 at a tempera- 
ture of 129.5°C. and a pressure of 29.3 pounds. The 
diffusion rate for normal heptane at a pressure of 29.3 
Pounds would be 1.72. This shows that at the same 
Pressure normal heptane will diffuse at a greater rate 
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than iso-octane. Since the partial pressure of heptane 
is greater in a mixture of heptane and iso-octane than 
the partial pressure of iso-octane, it seems probable 
that a separation of the two might be obtained by dif- 
fusion through the diaphragm. 


Volume in cc./hour 


Time in hours 
FIGuRE 2 


Curves E and F represent the diffusion of heptane 
through neoprene diaphragms of 0.05-inch thickness. 
The rate is proportional to the pressure, and is less than 
half the rate through rubber diaphragms of the same 
thickness. 

We have shown, then, that the diffusion of hydrocar- 
bons through rubber membranes fits the equation for 
the diffusion of gases through solids, which is as fol- 
lows (4): 

dm 


— 
ri = —K qetvdyen 


oo Density of gas at 0°C. 

dm Change in mass per time dt or the mass iftming in 
time ¢ 

dp Difference in the pressures in the bomb and in the re- 
ceiving flask 

dz Thickness of the diaphragm 

dxdy Area of the diaphragm. 


Then K equals the permeability of the diaphragm, 
The negative sign means merely that the mass in the bomb is 
decreasing. 
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The Phenomena of Chemiluminescence 


WILLIAM GEORGE LEEDY 


Rose Polytechnic Institute, Terre Haute, Indiana 


I. REACTIONS INVOLVING CHEMILUMINESCENCE 
A. Between Alkalt Vapors and Halogens 


MONG the best known of chemiluminescent re- 

actions are those between alkali vapors and halo- 
gens or halides. Haber and Zisch found that sodium 
vapor and chlorine at low partial pressures yielded the 
D-sodium line. Lialikov and Terenin studied the 
chemiluminescence given off by the reactions of sodium, 
potassium, rubidium, and other metals with iodine 
vapors. Most of these reactions gave spectral line 
emissions corresponding to the lines of the alkali. 
The reactions between sodium or potassium and mer- 
curic halides offered an exception to this. In this 
case, as noted by Haber and Zisch, a band spectrum 
was emitted extending into the ultraviolet region. 
They believed that the molecule HgCl was the light 
emitter. 


B. Oxidation Processes 


1. Of Silicon Compounds and Phosphorus. The 
oxidation of yellow phosphorus is probably the best 
known of the chemiluminescent reactions involving 
oxidation. The oxidation, which occurs at reduced 
pressure and between —10° and 40°C., is believed to 
be a chain reaction. Its light is a whitish green 
luminescence, giving many lines in the ultraviolet 
region. 

Kautsky and his co-workers investigated the chemi- 
luminescence of various unsaturated silicon compounds 
as they underwent oxidation. Kautsky used a mix- 
ture of siloxen and oxy-siloxen which he called silikone. 
When silikone was oxidized by air or oxygen, and more 
rapidly by hydrogen peroxide or chromic acid, a feeble 
green light was given off. 

2. Of Grignard Compounds. The Gringard com- 
pounds are characteristic of a number of organic 
compounds which emit light much greater in intensity 
than any other chemiluminescent compounds. When 
chloropicrin reacts with phenylmagnesium bromide, 
a greenish blue light is given off. Grignard com- 
pounds will react with other nitro compounds and pro- 
duce a similar light. 

Dufford and Evans claimed that in this type of 
reaction a magnesium atom coupled to an unsaturated 
carbon atom was necessary for light emission to 
occur. 

3. Of Phthalhydrazide Derivatives. The chemi- 
luminescence of the phthalhydrazide compounds, and 

1 Presented before the Division of Chemical Education of the 


American Chemical Society, 101st meeting, St. Louis, Missouri, 
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especially of the 3-amino compound, is probably the 
most brilliant example of this phenomenon. 

Carl Zellner and Gregg Dougherty made some 
extensive tests on the phthalhydrazide derivatives 
in order to determine the nature of chemiluminescence 
and the reactions which produced it. By means ofa 
Weston photronic cell and a very sensitive galvanom- 
eter they measured the light given off by a number 
of phthalhydrazide derivatives. Reactions were carried 
on at two different concentrations, specifically 0.001 
and 0.004 molar concentrations, of phthalhydrazides 
in a 0.25 per cent sodium hydroxide solution, to which 
2 cc. of 0.2 N sodium hypochlorite were run in. The 
results appear in the following table. In all cases ex- 
cept that of 3-aminophthalhydrazide (which is com- 
monly known as “luminol” and will be called such 
hereafter) no resistance was used. With “luminol” 
it was necessary to use 700,000 ohms resistance in 
series with the galvanometer. 


RELATIVE CHEMILUMINESCENCE OF SOME PHTHALHYDRAZIDE DERIVATIVES 


Cm. Disp. Cm. Disp. 


Derivative 0.001 M 0.004 M 


3-Amino 
3-Acetamido 
3-Hydroxy 
3-Acetamidoacetyl 
3-Chloro 
3-Benzamidodiacetyl 


= 0 


COMDSOHH OS: 


SOwuUsoonwmounso 
to 


— i — hE en) 


a-3-Acetamido-n-methyl 
4-Acetamido 
4-Acetamidoacetyl 
4-Benzamidodiacetyl 
a-4-Acetamido-n-methyl 


WYOOhHAN 


a. Effect of substituted groups. From the above 
table it was deduced that the intensity of luminescence 
is dependent upon the nature of the group substituted 
in the benzene ring and the position of the group. 
In running ortho-, meta-, and para-benzhydrazides, 
Zellner and Dougherty found that the ortho derivative 
gave an easily visible light, the meta hardly visible, 
and the para no visible light at all. 

b. Effect of oxidation rate. By measuring the amount 
of nitrogen evolved during the reactions it was pos 
sible to determine the rate of oxidation of each of the 
above compounds. The rate of oxidation was found 
by Zellner and Dougherty to be independent of the 
substituting group in the benzene ring, although 
chemiluminescence was very dependent on it. ‘For 
example, the nitrophthalhydrazides which give 10 
light give the same rate curve as the aminophthal- 
hydrazides.” 

“The rate was found to be accelerated markedly 


142 





wDwWOSOhHAUNOUS 


Marcu, 1944 


with increasing hydroxyl ion concentration, which is 
interesting in connection with the fact the light de- 
creases with increasing hydroxy] ion.” 


Il. THE CHEMILUMINESCENCE OF 3-AMINOPHTHALHY- 
DRAZIDE 


The luminescence given off by the oxidation of 
“luminol” is many times more brilliant than any 
other chemiluminescent reaction, and in this respect 
is treated separately from the other light-giving com- 
pounds. 


A. The Reaction Involved 


1. Reagents Used. Inorder to produce chemilumi- 
nescence with ‘‘luminol” it is necessary to use four re- 
agents and a solvent. Omission of any one of the 
five constituents will result in either no light at all or 
a very faint emission of light. The first substance 
needed is “luminol” itself as the chemiluminescent 
substance. Second, an oxidizing agent is needed. 
Three per cent hydrogen peroxide is usually used for 
this although the same function can be performed 
by calcium or sodium hypochlorite, the persulfates, 
and other compounds. Third is needed another oxidiz- 
ing agent, usually potassium ferricyanide. Some 
workers in this field think that this second oxidizing 


agent performs the process of decomposing the hy- 
drogen peroxide, while others think that it is the main 


oxidizing agent. Potassium ferricyanide may be sub- 
stituted by ammoniacal solutions of copper salts, 
by hemin crystals and oxygen, or by alkaline hypo- 
chlorites. The fourth constituent is an alkali which 
is used to aid the rate of oxidation of the “luminol.” 
The solvent is water. The reaction is performed by 
mixing two solutions. The first contains 0.1 g. of ‘“‘lumi- 
nol” and 10 ce. of 5 per cent sodium hydroxide solution 
per liter of aqueous solution. The second solution 
contains 0.25 g. of potassium ferricyanide crystals and 
10 cc. of 3 per cent hydrogen peroxide per liter of 
aqueous solution. 

2. Nature of the Reaction. The oxidation is very 
tapid and profound. It is thought that a three- 
Stage oxidation is reached long after the light has 
ceased. When additional ferricyanide is added, how- 
ever, light is again given off and the reaction probably 
proceeds to a fourth stage. In any case 3-amino- 
phthalic acid is formed as an end product. 


B. Variables and Effect of Concentrations 


1. Oxidation and Alkalinity. The data of Zellner 
and Dougherty in their experiments with phthal- 
hydrazides show best the effect of increasing alkalinity 
upon the oxidation of “‘luminol’’: 


Normality of NaOH 


Galv. Disp. in Cm. 
42 


66 (Max.) 
60 
50 
30 
18 
8 
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2. Concentration of Reagents. Here the concentra- 
tion of “luminol” is referred to. It has been found 
that the maximum light intensity is obtained when the 
concentration of “luminol” is 0.02 molar. A 0.5 molar 
solution will cause only half the galvanometer deflec- 
tion of the 0.02 molar. 


C. Results of the Reaction 

1. Energy Emitted.—a. Method of measuring. Har- 
ris and Parker carried on tests on the reaction of 
the sodium salt of “luminol” by arranging a condensing 
lens in front of a reaction tube of quartz glass of 
3.8-cm. diameter. In front of this was a thermopile 
and a sensitive galvanometer. They considered the 
thermopile to be more accurate than a photronic cell. 
Readings were then taken using various “luminol” 
concentrations. 

b. Results of reactions. Harris and Parker found 
that the quantum efficiency varied with the rate of 
flow and inversely with the concentration of ‘‘luminol.”’ 
A maximum was determined of 0.005 quantum per mole 
which, although low for energy emissions of light-giving 
reactions, is more than 10,000 times more efficient than 
other chemiluminescent reactions. 

2. Light Emitted.—a. Method of measuring. Har- 
ris and Parker used a spectroscope to determine the 
extent of the wave-length band of the light obtained 
in their experiments. By use of optical filters and 
photographic plates they were able to tell where the 
larger quantity of light occurred. 

b. Results of experiments. The band emitted ex- 
tended from the violet deep into the red. The range 
of the largest portion of the light was from about 3800 to 
5000 A.U. and about 2 per cent of the light extends 
beyond 5780 A.U. Thus it is seen that the light from 
the chemiluminescence of “‘luminol’’ covers a wide 
band. 

c. Effect on fluorescent dyes. The light from ‘‘lumi- 
nol” has been found to excite various fluorescent dyes. 
For example, the addition of fluorescein to the ,re- 
action vessel will change the pale blue light of “‘lu- 
minol” to a greenish yellow. Rhodamine B causes an 
opal rose color, and sodium naphthionate fluoresces 
deep blue in alkaline solution and green if an acidifier 
is added while the reaction is going on. 


OF CHEMILUMINESCENCE 
Other Lumt- 


Ill. THE INTERPRETATION 


A. Definition and Distinction from 
nescences 

Chemiluminescence is in effect “‘cold light’; in 
other words, light produced by means of a chemical 
reaction in which the light emitted is entirely in- 
dependent of any heat involved. One of the best 
examples of natural chemiluminescence, and one which 
has been the basis of investigation of Harvey in this 
field, is the cold light given off from a firefly’s tail 
when chemiluminescent substances in his body are 
oxidized. 

The phenomena may be interpreted as the reverse 
of the photochemical process where: 





A + B + light = AB (photochemical process) 
AB = A+B + light (chemiluminescent process) 


Chemiluminescence is different from fluorescence 
in that fluorescence or even phosphorescence involves 
the utilization of energy from external sources such 
as rays, heat waves, or light waves, while chemilumi- 
nescence involves the energy which comes from the 
reacting substances themselves. 


B. Types of Chemiluminescence 


1. Light by Intermediate Compounds. ‘This is best 
illustrated by ‘luminol’ itself. Albrecht, who first 
noted the chemiluminescence of ‘‘luminol’’, described 
the light to be emitted thus: “the oxidation of hy- 
drazide yields an azo compound which immediately 
hydrolyzes giving, as a hypothetical intermediate, 
di-imid. This latter than reacts with other azo mole- 
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cules to yield energy-rich hydrazide molecules, which 


by the reaction between sodium and mercuric chloride, 
Here it seems that the energy of the reaction is trans. 
ferred to the chloride molecules which are excited 
and emit a broad band of light. 
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Vinyl Ester Resins 


CLIFFORD BENTON 


Cornell College, Mount Vernon, Iowa 


HE synthetic resins industry which has been start- 

ling the world by its astonishing progress has re- 
ceived an added acceleration by the opening of the 
vast field of vinyl polymers for industrial use. Nearly 
all of the newest and most talked-about resins such 
as Du Pont’s “‘lucite,’’ Carbon and Carbide’s ‘‘vinyl- 
ite,’ Shawinigan’s “gelva,” etc., are derivatives of 
vinyl alcohol. The new “‘light-bending” synthetic 
resins, super-safety glass, colorful “objets dart,” 
and rubber-like ‘‘glass’’ displayed at the New York 
World’s Fair in 1939 are all of vinyl composition or 
at least owe their polymerization to the presence of 
the vinyl group. 

Before considering the details involved in the prepa- 
ration and properties of the vinyl ester resins, we 
will first note the general field covered by the resins. 
Naturally, the first questionasked is: What isaresin? In 
answering this we say that a true resin is a solid solu- 
tion of many chemical compounds, having such closely 
related chemical properties that it is almost impossible 
to separate them, one from the other. 

The resins are comprised of two main groups or 
classes—the natural and the synthetic. Best-known 
examples of the first are rosin, spruce gum, copal, 
amber, shellac, the asphalts, rubber, and chicle. Syn- 
thetic resins are not so easily classified. However, 
the engineer succeeds in grouping the majority of 

1 Presented before the Division of Chemical Education of the 
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them under three headings—the thermosetting, the 
thermoplastic, and the oil-soluble resins. 

Thermosetting resins are those requiring chemical 
combination during the final pressing, 7. e., the chem 
cal reaction involved in the preparation is not com- 
pleted in the production of the molding powders. 
Examples of this type are the phenol formaldehyde 
and urea formaldehyde resins. 


| 
LGH— 
Se 


Phenol formaldehyde 
(after Raschig) 


NH—————_CH,—_-NH 
cog Yeo 
N(CH,0H)—CH,—NH 
Urea formaldehyde 
(after Dixon) 


In thermoplastic resins or novolaks the resin may be 
formed and reformed many times into definite shap¢s 
by applying heat and pressure, provided sufficiett 
plasticizing agent is present to impart the prope 
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flow. No chemical reaction takes place during the 
heating; therefore the material remains in the plastic 
state as long as the temperature is maintained. 

The last-mentioned class, the oil-soluble resins, 
has little application to our subject since it finds no 
place in a study of plastics, being used mostly by the 
paint, varnish, and lacquer industry. Strictly speak- 
ing, they are thermoplastic resins in mode of forma- 
tion. 

The vinyl resins belong to the thermosetting class. 
They have been known as far back as 1838 when Reg- 
nault, a French chemist, noticed that a white powder 
formed when sealed tubes of vinyl chloride were ex- 
posed to the sunlight. Considerable research followed 
the Regnault discovery, but the practical significance 
of these researches was not recognized until investi- 
gators began to prepare the polymers of the halides 
on a larger scale using heat in the presence of benzoyl 
peroxide or hydrogen peroxide. In 1912 Klatte dis- 
covered vinyl acetate and found its polymer more 
amenable to scientific investigation than the halides. 
Hermann and Haehnel carried on the work, dis- 
covering that the polyvinyl acetate could react like 
a typical organic ester without losing its resinous condi- 
tion. Staudinger came next in the line of researchers 


) and showed that vinyl groups combine forming an 
» unbranched carbon chain. 


He and his co-workers also 
carried out considerable work on the reactions of the 


' vinyl compounds and thus almost doubled the knowl- 


edge of the chemistry of the vinyl derivatives and their 
polymers. 

To date the vinyl polymers of commercial im- 
portance in the field of synthetic resins or plastics are 
the polymers of the following: 


CH,=CH—C,Hs 
CH.—=CH—Cl 
CH.=CH—O—COCH; 


(1) Styrene 
Vinyl chloride 


Vinyl acetate (and 
other esters) 


Acrylic acid 
Methacrylic acid esters 


CH.—CH—COOH 


CH.—C—COOR 


| 
CH; 
Acrolein CH,=CH—CHO 


Indene 


Each one of these has certain properties which make 
it more applicable than other compounds for specific 
purposes; for instance, the excellent transparency, 
absence of color, electrical, and water-resisting prop- 
erties of polystyrene make it especially suited as a 
molding compound while the unique elasticity, fatigue, 
and water resistance of the vinyl acetate polymers make 
them a source for synthetic textile fabrics. 

The commercial preparation of the vinyl acetate 
monomer has had a rather unique history in that its 
discovery was due largely to the fact that the substance 
was formed as an undesirable side reaction product 
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in the preparation of ethylidene diacetate, used in 
making acetic anhydride. In this preparation acety- 
lene was passed into glacial acetic acid in the presence 
of a suitable catalyst, usually mercuric sulfate. 


HgSO, 
C,H, + 2CH;COOH ———> CH;CH=(OCOCH;), 


The mercuric sulfate catalyst was prepared from 
acetic acid solution by precipitation with fuming 
sulfuric acid. 


HAc 
HgO + H:SO, ———> HgSO,} + H.O 

solution 
In securing the ethylidene diacetate from the solu- 
tion, the mercuric sulfate was first removed, then 
sodium or calcium acetate added to destroy the excess 
sulfuric acid resulting from the formation of the 
mercury sulfate: 
H2*:SO," + 2Na:C:;H;0.———»Na,* :SO,* + 

2:HC,H;02 7 __” H* + C,H;0,7: 
The desired material was separated from the tarry 
matter and salts in a vacuum still equipped with an 
agitator, and finally fractionated under vacuum. It 
was noted in the process that vinyl acetate formed 
during the first step when the acetylene reacted with 
the acetic acid. When the market began to open 
for synthetic vinyl plastics, the question then arose 
of preparing the monomer using the same process and 
equipment but changing the conditions of the first 
reaction. Research showed that increased circula- 
tion of acetylene, employment of a modified mer- 
cury sulfate catalyst, and careful temperature con- 
trol (50° to 60°C. during the latter part of the re- 
action) would form the desired vinyl acetate: 


Rapid removal of the vinyl acetate was necessary 
to prevent the formation of the ethylidene diacetate. 

Another method of preparing the monomer consists 
of the same steps of refining and the same reacting 
substances as those employed in the above process 
but differs in being a vapor phase process. In this, 
the acetylene together with the vapor of acetic acid 
is passed over zinc and cadmium acetate catalysts 
dispersed in charcoal. The charcoal is kept at a 
temperature of 200°C. 

After the monomer has been prepared the vinyl 
acetate is polymerized in a large, jacketed aluminum 
kettle fitted with a stirrer. Benzene and catalysts 
are added to the vinyl acetate and the solution refluxed 
for five hours at a temperature of 73° to 76°C. The 
resulting thick solution is allowed to run into a tall 
narrow still through which steam is passing. The 
solvent, unchanged vinyl acetate, and steam are then 
condensed and separated from the heavier polyvinyl 
acetate. The polymer coming from the still is picked 
up by an extruder which forces the mass into rods. 

Catalysts play an important role in these reactions. 
As in the case of most unsymmetrical ethylene com- 
pounds, polymerization is accelerated by oxidizing 
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agents. Those best adapted to assist the polymerizing 
are organic peroxides or ozonides, organic acid anhy- 
drides, and metallic percarbonates, perborates, and 
oxides capable of yielding their oxygen (Ag:O). Ben- 
zoyl and acetyl peroxides are the usual commercial 
catalyzers. The former is prepared by the action of 
benzoyl chloride on sodium peroxide: 


O O 


J p. 
2C,H,COCI + Na,O, ——> C,H;¢—o—O—C—CG.H; + 2NaCl 


The acetyl peroxide is prepared by the action of sodium 
perborate on acetic anhydride: 
O O 


Z Z 
oO ——~> CH;—C—O—O—C—CH; + 
CH;—C 


,O0 
NaBO, + nae 
\ NaBO, 


Distearyl peroxide, 
O O 
Vl Va 
CH;(CHe)i1s C—O—O—C—(CH2)ieCHs 


has been used as a catalyzer especially in the pro- 
duction of substitute rubber from mixtures of vinyl 
acetate and dibutyl phthalate. 

The physical properties of polyvinyl acetate are 
interesting in determining the practical uses of the 
compound. In the first place it softens at a low tem- 
perature (30° to 40°C.). This low softening tem- 
perature coupled with the fact that it has a relatively 
high water absorption (3 to 5 per cent in 16 hours at 
60°C.) makes it unsuitable in the pure state for milling 
or molding purposes. These faults are partly com- 
pensated for in its outstanding light and heat stability, 
unique adhesive properties, and solubility in alcohols, 
ketones, esters, and chlorinated and aromatic hydro- 
carbons; thus, the polyvinyl acetate finds applica- 
tion (when diluted in a suitable solvent and mixed 
with a filler) as a binding medium in floor tiling com- 
positions and as a dipping lacquer for artificial leather 
and linoleum. Also, it has found some use as a syn- 
thetic textile fabric. 

By far the best vinyl ester suitable for molding pur- 
poses is the conjoint polymer of vinyl acetate [CH,= 
CH—O—COCHs] and vinyl chloride [CH, == CH—C]] 
known commercially as ‘‘Vinylite”’ or ““Gelva.” This 
polymer forms plastics of remarkable strength, ten- 
acity, and durability, combining the desirable qualities 
of both polyvinyl chloride and polyviny] acetate. 

At the time of the discovery of the copolymer 
chemists thought that if the polyvinyl chloride and 
polyvinyl acetate could in some manner be mixed 
together the resulting substance would be an ideal 
molding mixture. Their idea proved of no use, how- 
ever, for mixing the two compounds only resulted in a 
weak, brittle substance. Finally, after considerable 
research, it was discovered that polymeric compounds 
could be made of the monomers of vinyl chloride and 
vinyl acetate by the addition of certain catalyzers 
and plasticizers and subjecting the resulting mixture 
to heat and pressure. 
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Today, the commercial preparation consists largely 
of the same steps employed in preparing the vinyl ace. 
tate polymers. The main exception in the process is 
that certain stabilizers and plasticizers are added to 
the copolymer in the rolling mill. 

In the reaction kettle the ratio of the ingredients 
added depends upon the uses for which the final prod- 
uct is intended; for instance, if articles of good fatigue 
resistance, impact, and tensile strength are desired, 
85 per cent vinyl chloride with the balance in viny! 
acetate is used, while if the product is intended for 
use in lacquers only 65 per cent vinyl chloride is 
added. 

In considering the uses of the vinyl copolymer, we 
note that they are suitable for practically all applica-f 
tions for which plastics may serve. They have been 
employed in making toothbrushes, pipe lining, wall F 
trim, dentures, lacquers for coating food containers, 
concrete and transite board, and stiffeners for floor 
tiling. In dentures and other articles requiring good 
fatigue resistance, polymers of high molecular weight 
are used. A polymer of somewhat lower molecular 
weight is used in the manufacture of phonograph 
records, floor tiling, sheets, and tubes. 

Now on the theoretical side we shall consider the F 
nature of the polymerization of vinyl esters. Perhaps 
chemists are more interested in the chemistry of the > 
commercial vinyl esters than in their practical ap-F 
plication, so we shall now devote the remaining min- 
utes to a consideration of the various theories on the 
constitution and formation of these polymers. 
chief sources of our information are to be found in 
the writings of Ostromuislensky, Harries, Staudinger, F 
Irany, and Marvel. 

Most authors believe that the vinyl compounds — 
polymerize in a modified chain reaction. We say 
modified, for ordinary chain reactions may be looked 
upon as a chain of events whereas the vinyl polymers 
form chains which actually have physical existence; 
that is, if the wsual chain reaction starts with 100 
molecules it ends with 100 molecules. In the case of 
vinyl compound polymerization, 100 molecules of raw 
materials react in rapid sequence to produce essentially 
one molecule. The mechanics of this reaction are 
still in the realm of speculation. However, it is 
believed that the oxygen of the polymerizing catalyst 
(benzoyl peroxide, ozone, etc.) possibly reacts with 
the vinyl compound to form a highly unstable per- 
oxide which, in turn, reacts with another monomer 
molecule. A free radical might react with a double 
bond, leaving a free carbon valence. A mechanism 
frequently offered involves the formation of an inter- 
mediate compound which is supposed to give a ‘“‘hot” 
or “‘trigger’’ molecule capable of activating the re 
acting molecules by an energy transfer. 

Some authors favor a combined stepwise and chain 
type polymerization. By this we mean that the chain 
reaction is employed in forming a lower homolog, 
the molecules of which, after a certain temperature is 
reached, react stepwise to form a higher homolog. 
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Evidence in support of this theory is to be found in the 
fact that vinyl acetate first forms polymers soluble 
in many organic reagents. These polymers then re- 
act together in the steam still to form a higher homolog 
insoluble in most organic solvents. A mechanism similar 
to this was shown by Irany to exist in the formation 
of higher homologs of divinyl ether—vinyl acetate 
polymers. In Irany’s reaction the soluble vinyl 
acetate—divinyl ether polymer—is formed: 


-~CH,—CHOAc—(CH:—CHOAc) »—CH,—CHOAc— 


This in turn forms an intermediate partly polymerized 
substance of the following structure, on raising the 
temperature and pressure. 
a A i Me ails ll 
~cit,-CHOAe(CHs—CHOA2)—CHs-CHOAe— ~(cH—cHoke—(cH.—CHOAC).— 
I 
—~cH;—-CHO—Ac—CH,—CHOAc 


Finally the insoluble product is formed: 


—CH;—CHOAc—CH;—CH—(CH:—CHOAc),—CH:—CHOAc— 


| 
—CHr—CHOAc—CH;—CH—(CH:—CHOAc),—C ee eee 
—CH;—CH—CH;—CHOAc— 


Considerable research has been carried out on the 


i question of how the vinyl acetate monomers link 
) together to form the initial soluble polymer. 
} appear three ways in which these units may combine. 


There 


They may join (I) head-to-tail fashion to produce a 


linear polymer. 


CH=CH, —CH—CH; 
| 


x | > 
OCOCH; ° ° O 
| 
COCH; COCH; 7-2 COCH; 


[x = 40 — 100] (I) 


G-lf ee 


And also the structure of the important copolymer of 
vinyl acetate and vinyl chloride may be formed ac- 


cording to this plan. 


H H HH H 


| 
=. 
| 
Cl 


(Of course, a higher percentage of vinyl acetate would 
lead to more acetate and less chloride in this same type 
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of structure.) Or (II), they may join in a head-to- 
head, tatl-to-tail fashion of the following structure. 


ee eee — 
ee | ee - 
COCH; COCH; COCH; COCH; 


Or (III), they may join in a random manner to give 
a linear polymer in which some of the substituents 
are on adjacent carbons and some are in the 1,3-posi- 
tions with respect to each other. 

Ostromuislensky favors the sequence of structure 
II and supports his claim by showing that the vinyl 
bromide polymer structure is similar to that of the 
perbromide of polybutadiene which definitely has a 
“head-to-head” structure. Staudinger, Harries, Stein- 
hofer, and others refute the Ostromuislensky structure 
in favor of the “head-to-tail” structure. Marvel, 
of the University of Illinois, has given us evidence in 
favor of the “head-to-tail’’ structure in certain vinyl 
polymers such as in the polyvinyl alcohol and poly- 
methyl vinyl ketone: 


—f[ CH.—CH—CH.—CH — 
OH OH 


CH—CH,—CH— ]}— 
CH; CH; 
Polymethyl vinyl ketone 


—CH.— 


Polyvinyl alcohol 


On the other hand, Marvel points out that the struc- 
tures of the polysulfones, compounds quite analogous 
to these vinyl polymers, are unquestionably of the 
“head-to-head, tail-to-tail” type. And he concludes 
that it is logical to assume these other polymerization 
reactions may take place in a similar manner. 

From these considerations it may appear reasonable 
at this time to conclude that perhaps both type I and 
type II structures exist, 7. e., there is a chance that 
either linkage may be formed when the monomer is 
polymerized. 
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Cutting tools almost as hard as diamonds can be made from powders of carbides of 
B, W, Ta, and Ti which are pressed and sutured together. 





Extraction of Uranium 


from Canadian Pitchblende 


ALICE KUEBEL? 


University of Pittsburgh, Pittsburgh, Pennsylvania 


HIS paper contains a description of a laboratory 

procedure for the extraction of uranium from 
Canadian pitchblende. It is subdivided into two 
parts to include: (1) the removal of uranium in the 
form of crude uranium sulfate from pitchblende con- 
centrate, and (2) the steps for the purification of the 
crude uranium sulfate. The pitchblende concentrate 
which was used as the starting material was purchased 
from the Radium Refinery of the Eldorado Gold Mines 
Limited at Port Hope, Ontario. It came originally 
from mines in the Great Bear Lake region of the North- 
west Territories. 

In laboratory work under the direction of Dr. L. 
A. Goldblatt at the Erie Center of the University of 
Pittsburgh, 1050 g. of pitchblende concentrate were 
treated for the extraction of uranium as crude uranium 
sulfate, of radium as a mixed radium-barium bromide 
salt, and of silver as the sulfide. The process followed 
for the removal of these constituents was, in essential 
details, the same process which is in use in the radium 
Refinery at Port Hope, Ontario. The 1050 g. of pitch- 
blende were divided into three batches consisting 
of 100 g., 500 g., and 450 g.; each of these was treated 
separately for the removal of crude uranium, radium, 
and silver compounds. Because all of the uranium 
which was finally prepared originated in the 500-g. 
batch of pitchblende concentrate, this batch will be 
described in some detail—primarily with respect to 
the extraction of its uranium. 

The ore was placed in a porcelain evaporating dish 
and heated in a muffle furnace at a cherry red for a 
total of one and one-half hours. During this time, 
there was considerable smoking over the surface of the 
hot ore and at the end of the roast, it was found that 
there was a total loss in weight of 25.8 g., or 5.16 per 
cent of the weight of the original material. The pur- 
pose of this preliminary roast was to decompose any 
organic matter which might have been present and 
also to decompose metallic carbonates and sulfides. 
These last two constituents, if left in the ore, would 
cause mechanical difficulties (7. e., effervescence) in the 
sulfuric acid leach which is the first step in wet treat- 
ment of the ore. A second roast was then carried out 
for the same length of time. In this roast, the ore 
was heated with approximately 38 g. of sodium chloride 
to convert any silver present in the free or combined 

1 Presented before the Division of Chemical Education of the 
American Chemical Society, 10l1st meeting, St. Louis, Missouri, 
April 10, 1941. 


2 Present address: National Bureau of Standards, Washing- 
ton, D.C. 


states to silver chloride. (The chloride was later 
removed by a sodium thiosulfate leach.) During the 
salt roast, the ore gained 22.5 g., in addition to the 
weight of the salt. 

For the removal of uranium which was present in 
the ore mainly as U;Os, the product of the two roasts 
was treated with 185 cc. of sulfuric acid (1:1). A solu- 
tion of 25 g. of sodium nitrate in 60 cc. of water was 
added to oxidize the uranium. The mixture was boiled 
for about an hour and then was permitted to settle 
overnight before filtering by suction through a Biichner 
funnel. After the residue had been thoroughly 
washed, it was spread out over glazed paper to dry. 
The loss in weight through the sulfuric acid leach 
was 107 g.—leaving a residue of 427 g. Although 
the sulfuric acid leach was for the extraction of ura- 
nium, the loss in weight could not be taken as indicative 
of the true quantity of uranium in the ore because im- f 
purities such as iron, aluminum, etc., were also re- 
moved from the ore by the acid leach. A second 
sulfuric acid leach was carried out to insure a com- 
plete removal of uranium. Two hundred and fifty 
cc. of 1:1 sulfuric acid were used in the second leach. 
The filtrates and washes from both leaches were com- 
bined and partially decomposed with sodium carbonate 
to precipitate some of the metallic impurities present 
and to form a solution of sodium uranyl carbonate. 
The entire mixture of metallic impurities, uranium 
sulfate, and sodium uranyl carbonate was set aside 
for approximately one and one-half years before the 
uranium salt was finally purified. 

Because the solution containing uranium had been 
permitted to settle over so long a time, it could be as- 
sumed that the solution was sufficiently homogeneous 
that a sample of it might be purified and the yield 
of uranium measured quantitatively. Then the en- 
tire solution could be refined more easily by knowing 
in advance the approximate quantities of reagents 
which would be required, the mechanical difficulties 
which might be expected, and the probable yield of 
uranium. Altogether, there were about 1800 cc. of 
the crude sodium uranyl carbonate solution produced 
from the 500-g. batch of ore. For the preliminary 
analysis, 100 cc. of the solution were carried through 
steps for purification; and the final greenish black prod- 
uct of U;0s amounted to 1.88 g. The procedure 
used for purification is described as it was carried out 
with the main analysis. 

Fifteen hundred cc. of crude uranium sulfate were 
placed in a 2-liter beaker. Although the solution had 
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been partially decomposed with sodium carbonate, 
its pH was approximately 6 indicating that most of the 
uranium was present as uranium sulfate rather than 
as the desired compound of sodium uranyl carbonate. 
Forty g. of anhydrous sodium carbonate were dis- 
solved in water and then added to the mixture in the 
beaker to produce a thick pale green precipitate and 
effervescence (CO). Upon continued additions of 
sodium carbonate, the precipitate became a reddish 
brown color. The pale green precipitate contained 
uranium and was soluble in excess sodium carbonate. 
Metallic impurities such as iron, copper, manganese, 
and nickel precipitated when the excess carbonate 
was added. These last impurities were removed by 
filtration through a Biichner suction funnel. The 
filtrate of sodium uranyl carbonate was decomposed 
with approximately 120 cc. of concentrated sulfuric 
acid and the solution was warmed to drive off all 
carbon dioxide. To precipitate the uranium as so- 
dium diuranate (Na,U20;), sodium hydroxide pellets 
were added. Because both the sulfuric acid and the 
sodium hydroxide which were added were in a con- 
centrated form, sodium sulfate crystallized in un- 
desirably large quantities throughout the orange 
uranium precipitate. The supernatant liquor in the 
beaker was decanted and replaced by adding distilled 
water in hopes of dissolving the sodium sulfate crystals 
away from the uranium precipitate. The sodium 
diuranate was centrifuged and washed several times 
before being dissolved out of the centrifuge cups with 
1:3 sulfuric acid. To the yellow solution of uranyl 
sulfate was added a solution of sodium sulfide which 
produced efferyescence (H2S) and a reddish brown 
precipitate of impurities. At this point, the pH of the 
solution was kept below 7. Otherwise, uranium would 
have been carried down with the precipitate as uranyl 
sulfide. After filtration to remove the sulfide impuri- 
ties 260 g. of NaOH pellets were dissolved in water 
and added to the yellow solution of uranyl sulfate 
to reprecipitate orange sodium diuranate. The mix- 
ture was centrifuged, the precipitate was washed and 
then dissolved out of the centrifuge cups with 1:3 
sulfuric acid. Sodium diuranate was precipitated 
once more, centrifuged, washed, and redissolved in 
sulfuric acid. Instead of being clear yellow (which is the 
normal color of a solution of uranyl sulfate) the solu- 
tion contained a finely divided precipitate which gave it 
a reddish brown color. (It is possible that the HS 
which was formed when NagS was used to precipitate 
impurities reduced some of the uranium from a valence 
of +6 to a valence of +4; and that the reddish brown 
precipitate was the red or brown oxide of uranium 
represented by the formula UO:.) The sulfate solution 


149 


was neutralized with ammonium hydroxide and an 
excess of reagent was added to precipitate ammonium 
diuranate. This ammonium compound and the cor- 
responding sodium compound are similar in nature. 
They may be varying shades of yellow or orange 
depending upon the amount of base used in precipita- 
tion. (The greater the amount of reagent, the darker 
the color of the precipitate.) They settle out of solu- 
tion readily, leaving a clear, colorless supernatant 
liquor, but they are very difficult to filter and to wash 
because of their compactness. It is even more difficult 
to wash them thoroughly when they have been centri- 
fuged, because in this case the precipitate is packed 
together more tightly. For this reason, the ammonium 
diuranate was washed by decanting the supernatant 
liquor and replacing it with distilled water a total of 
six times. The precipitate was stirred thoroughly 
each time. By a titration with standardized hydro- 
chloric acid, it was found that the normality of the 
fifth wash (with respect to NH,OH) was 0.0025. After 
the sixth wash, the precipitate was dissolved in sulfuric 
acid. Again the solution contained an undesirable 
reddish brown precipitate, and so was filtered to yield 
a clear yellow filtrate of uranyl sulfate. The residue 
was ignited and after ignition, it had the color and 
texture of U;0s. Ammonium hydroxide was added 
to the filtrate to precipitate ammonium diuranate a 
second time. This precipitate was washed eight times 
by decanting the supernatant liquid and then stirring 
the precipitate and washing down the sides of the 
beaker with distilled water. In order to dry the pre- 
cipitate it was placed ina large evaporating dish over 
a hot-water bath. When it was nearly dry it was put on 
a clock glass in an oven at 100° and brought to constant 
weight. The yield of ammonium diuranate from 
1500 ce. of crude uranium sulfate was 42.3 g. Uranosic 
oxide (U;03) was prepared from the ammonium 
compound by ignition in a muffle furnace. The yield 
of oxide was 34.9 g. This yield of oxide (U30s) from 
500 g. of pitchblende is probably low for several 
reasons. It is reasonable to assume that some ura- 
nium was carried down when metallic impurities were 
precipitated with sodium carbonate and with sodium 
sulfide. Some uranium was probably lost when the 
mixture of uranyl sulfate and the red precipitate 
was filtered, because in this case uranium may have 
been left behind in the residue. Also, because 
sodium hydroxide and ammonium hydroxide form 
corresponding carbonates on exposure to air, and 
because sodium uranyl carbonate is water soluble, some 
uranium was lost in decanting the supernatant liquid 
from above the precipitates of sodium and ammonium 
diuranates. 


The size of the aluminum production program may be appreciated from the fact 
that the mere operation of the spectrographs in the laboratories of Alcoa required 


450,000 feet of film—enough to print 50 full-length feature motion pictures. 





The Determination of Silver 
in a Photographic Emulsion 


by a Sulfide Separation 


SOL WEXLER 
University of Chicago, Chicago, Illinois 


SCHEME of qualitative analysis utilizes the 
precipitation of silver sulfide by H2S in the separa- 
tion of silver from its halides. The method is based 
on the great difference in solubilities of the silver 
halides and the sulfide, the order of magnitude of the 
solubility products of the halides ranging from 10~'° 
to 10—'* while that of the sulfide is 10-**. The pos- 
sibility of using this reaction quantitatively for such a 
separation in the analysis of silver in a photographic 
emulsion was considered experimentally by the author. 
Since the emulsion was on plates, a saturated solu- 
tion of sodium sulfide was used instead of hydrogen 
sulfide. The silver sulfide was dissolved in nitric 
acid and determined volumetrically with standard 
KSCN. A potassium-cyanide-extraction method was 
employed as a comparison, the method being that of 
Matsumaye,” excepting that glacial acetic acid, as 
recommended by Whiteley and Sloane,* was used 
instead of hydrochloric acid and carbon dioxide in 
driving off the HCN. The silver was extracted with 
KCN, reduced to metallic silver by boiling with granu- 
lated zinc, dissolved in nitric acid, and titrated by the 
Volhard method. An inconvenience due to the hy- 
drogen cyanide produced by the hydrolysis of the 
KCN entered here, but the addition of a small amount 
of potassium hydroxide completely alleviated this 
undesirable action. Furthermore, the KOH seemed 
to promote disintegration of the emulsion, for without 
the KOH the emulsion held to the plates, while in its 
presence the emulsion completely disintegrated. 

Some remarks may be made concerning the ex- 
perimental procedure used in the sulfide separation. 
The method effects both extraction from the emulsion 
and separation of the silver from the halides at the 
same time. Since the entire emulsion disintegrated 
in the presence of the sodium sulfide, the extraction 
of the silver from the emulsion must have been com- 
plete. Moreover, the sulfur produced in the solu- 
tion of the silver sulfide in the nitric acid does not in- 
terfere with the end point. When the silver sulfide 
was filtered free of the halides and excess sulfide, the 


1 Presented before the Division of Chemical Education of the 
American Chemical Society, 101st meeting, St. Louis, Missouri, 
April 10, 1941. 

2? MatsumayE, J. Soc. Chem. Ind., Japan, 32, 99-106 (1929); 
Suppl. 

3 WHITELEY AND SLOANE, J. Soc. Chem. Ind., 55, 167-8T 
(1936). 


filter paper was placed in the original beaker and thus 
remained in the solution titrated. The presence of the 
filter paper also did not interfere with the end point; 
as a matter of fact, it aided the determination of the 
end point by pulling the AgSCN precipitate to the 
bottom of the beaker, leaving a clear solution above. 
Thus the brownish tinge which marks the end point 
can be noticed easily. However, this tinge disappears 
after a period of about 10 minutes, a change which does 
not occur in the titration of the cyanide-separated 
samples. 


Eastman x-ray plates, 21/2” X 31/2”, were used in ff 


the analysis. 


The weights obtained using the cyanide-separation [7 ; 


method, per plate, are 101.4 mg. and 100.4 mg. 

With the sulfide separation method weights of 
98.77 mg. and 99.45 mg. were obtained. 

As a matter of interest, these results may be com- 


pared with that obtained by Lawrie,‘ using ordinary 
roll film. Using the Volhard method he obtained 


as an average 7.96 grains per square foot. Converting 
this weight of silver to milligrams and the weight in 
an area 21/2” & 3/2”, 31.33 mg. are obtained. This 
difference of silver content is probably the reason for 
the greater sensitivity of the x-ray emulsion. 


EXPERIMENTAL 


Individual plates were soaked one-half hour in 2. 
KCN to which a small amount of KOH had been 
added. The extraction was transferred to a beaker 
and the plate washed with three changes of 100 ml. 
water. The foregoing was carried out in a photo- 
graphic dark room. Granulated zinc (2 to 3 g.) was 
added and the mixture boiled for one hour. Twenty 
milliliters of glacial acetic acid were then added and 
boiling was continued for 10 minutes to drive off HCN. 
The reduced silver and excess zinc were then separated 
from the halides by filtration, and dissolved in nitric 
acid (1:4). In this procedure the filter paper con- 
taining the silver was placed in a beaker and the 
HNO; added; 2 ml. ferric ammonium sulfate indicator 
solution were added and the silver was titrated with 
0.0523 N KSCN. 

In the sulfide-separation method, individual plates 
containing the same emulsion as those used in the 

(Continued on page 154) 


4 LawrieE, J. Soc. Chem. Ind., 29, 28T (1930). 
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LETTERS 


To the Editor: 

» Your editorial in the December issue of the JOURNAL 
or CHEMICAL EDUCATION was too early to acknowledge 
the following contribution which appears in the Journal 
of the American Chemical Society, 65, 2478 (December, 
1943): ‘“The writer does not feel at all venturous in 
predicting that this book will gather more reagent 
stains on its open pages than dust on its cover.”’ 

Please note that the book referred to is an advanced 
quantitative analysis. I almost hope that my students 
in analytical chemistry don’t read the Journal of the 
American Chemical Society, because even the elemen- 
tary ones are supposed to develop enough technique 
so that they don’t stain their books with reagents. 

"Perhaps Professor Willard should have repeated in 
this book the last sentence of the first paragraph, page 
10, third edition, of his elementary book. 

R. D. Coot 


THE UNIVERSITY OF OKLAHOMA 
NORMAN, OKLAHOMA 


Chemical Shorthand 
| To the Editor: 
| I append some notes explanatory of a system of 
chemical shorthand which has proved of value to me 
: in expressing chemical formulas and may possibly be of 
interest to others. ! 
Hackh’ has described a system of chemical shorthand 
‘Hacky, Science, 48, 333 (1918). 
TABLE 1 
Written Typed Structure 
Notation Notation Represented 
CHy, CH, or CHa” 
Double bond 


Triple bond 


CH30H*# 


Straight chain 
structure: x is 

a positive integer 
Oxygen (as oxide) 

g, also NH, NHp, NHs 


NO 
NOp 


co 

COOH 
(sn) CN 
(n) (n.) NC 

0 or gf g Clg 


* Bonds must be determined by inspection. 
f The number of hydrogen atoms attached to the carbon must be deter- 
mined by inspection of the structure of the molecule. 


which is applicable to all organic formulas. His 
system is briefly mentioned by Bernthsen.* 

The system about to be described possesses a two- 
fold advantage in that it is very rapid in execution 
and, what is more important, can be typewritten. 

In brief, the carbon atom with its four valences is 
represented by a single period or dot. It is assumed 
that hydrogen atoms are attached to the carbon atom 
unless notation or visual inspection indicates other- 
wise. Thus methane is represented by -, ethane by--, 
etc. Notations for various other groups are given 
in Table 1 while Table 2 gives examples of the use of 
the system. 

With very complex chemical compounds the system 
becomes unwieldly, a defect true of any system of 
chemical shorthand, and it therefore is not recom- 
mended for rapid note-taking when dealing with such 
compounds. 

It is apparent from an inspection of the notations 
given in Table 1 that all of them can be readily im- 
provised on a typewriter provided with a standard 
keyboard. 

EUGENE W. BLANK 

COLGATE-PALMOLIVE-PEET COMPANY 

JERSEY City, NEW JERSEY 


2 BERNTHSEN, “A Textbook of Organic Chemistry,’’ revised 
by J. J. SupBoroucHu, D. Van Nostrand Company, Inc., New 
York City, 1922, p. 19. 


Compound Shorthand Notation 


ETHANE ee 


PENTANE es 


ETHYLENE 
ISOBYTYLENE 
ACETYLENE 

MeETHYL IODIDE 

Zinc ETHYL 

ETHYL ALCOHOL 
ButTyit ALCOHOL 
MeTHYL ETHYL ETHER 
METHYL SULFIDE 


DIMETHYLAMINE 


ACETONE 

Acetic AcIp 
Pacmitic Acip 
ACETYL CHLORIDE 


Monocswioro-Acetic Acip 


Giyco.tiic Acip 
a-Hyproxy Propionic Acip 
8-Hyproxy Propronic Acip 
GLYCEROL 

XYLENE 


BENZYL CHLORIDE 


elle 
(*),¢|le 
e|||e 

*j 
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NEW ENGLAND ASSOCIATION 
of CHEMISTRY TEACHERS 


Modern Heat Treating Practices 


CHARLES A. PETHYBRIDGE 


The New Britain Machine Company, New Britain, Connecticut 


HE title of this paper is in itself a tribute to the 

industrial chemist. Had it not been for those 
working in the chemical laboratories throughout the 
industrial world for the last century, we would still be 
using the crude form of steel that was known at that 
time. Any improvement in processing, any change in 
analysis, any betterment of equipment is largely due to 
the work of the industrial chemists. The metallurgist 
may call for the change in procedure or in fabrication 
and the metallurgist may and usually does receive the 
credit for the improvement in the product, but were it 
not for the industrial chemist working with refractories, 
the industrial chemist working with salts, the industrial 
chemist working with gases, oils, refrigerants, etc., to 
provide the means for the change in processing—no im- 
provement in the field of heat treating could be at- 
tained. There are, naturally, other branches of science 
which have played important parts in the improvement 
of heat treating methods but they have been of second- 
ary importance, inasmuch as whatever material they 
have deemed necessary to promote the functions of heat 
treating has to be formulated and tested by the indus- 
trial chemist. 

The handbook of the American Society of Metals 
defines heat treating as ‘‘an operation or combination of 
operations involving the heating and cooling of metal or 
alloy in the solid state for the purpose of obtaining cer- 
tain desirable conditions or properties.’ These opera- 
tions can be, for convenience, divided into three groups: 
annealing and normalizing? for structure refinement, 
hardening for strengthening and increasing wear resist- 
ance, and tempering for attaining the ultimate desired 
properties after hardening. 

There are few alloys of metals which do not respond 
in some manner to the application and removal of heat. 

Iron and its alloys respond in one manner, copper and 
its alloys in another, aluminum and its alloys in still 
another. Because of the immensity of the heat treating 


1 Abstract of an address presented at the 223rd meeting of the 
N.E.A.C.T. at New Britain, Connecticut, November 6, 1943. 

2 Normalizing is a process similar to annealing, but, owing to a 
more rapid cooling, yields a finer structure. 


field and the innumerable combinations of elements 
which can be altered by the application of heat, this 
paper will attempt to cover but one field—the heat 
treating of steel, the alloy of iron and carbon. Oj 
course, there are many elements which are used in cor- 
junction with iron and carbon in the production o 
alloy steel, but in any and all steels iron and carbon 
must be alloyed. Any and all elements which are pres. 


ent in the alloy of iron and carbon are there either af 


impurities which enter during the fabrication, or as ad- 
ditions which are made during the melt for some ex- 
pressed purpose such as increasing hardness, ductility, 
resistance to corrosion, etc. 

The effect of heat treatment of steel is to control the 
disposition of the carbon in the form of iron carbide, 
Fe;C, throughout the structure. 


TRANSFORMATION 

The heat treatment of carbon steels is associated with 
the allotropy of iron. Alpha-iron or ferrite, which 1s 
stable below 900°C. and has little solubility for carbon, 
when heated through a critical temperature range 
changes to unstable gamma-iron which has a high 
solubility for carbon. The gamma-iron containing car- 
bon in solution is called austenite. When the cycle is 
reversed and the heat is removed from the steel, the 
carbon tends to be thrown out of solution. However, 
the phase change from gamma- to alpha-iron requires 
time for completion and the change may be arrested by 
increasing the rate of heat removal. Thus, by arresting 
the phase change from austenite to ferrite, a supersatu- 
rated solid solution is obtained in which the finely 
divided carbon particles are held by force. This super- 
saturated solution is the martensite structure or fully 
hardened steel structure. 

It might well be said that the heat treatment 
steel hinges much more on how the heat is removed from 
the mass than how the heat is applied to it. 

On any heat treatment which requires heating to 4 
point above the critical temperature, the resulting struc 
ture is more dependent on the cooling rate than the 
heating rate. In annealing and normalizing, the cooling 
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Marcu, 1944 


rate from the gamma-iron or austenite stage is retarded 
to allow the formation of as much ferrite as is desired; 
in hardening, the cooling rate is accelerated in the at- 
tempt to hold as much carbon in the supersaturated 
solution as possible and thereby increase tensile 
strength and hardness. 


NEED OF HEAT TREATMENT 


The ultimate use of heat treatment, of course, is to 
improve as much as possible the physical properties 
such as tensile strength, impact strength, ductility, and 
resistance to fatigue. Because of the nature of the 
properties it is impossible to improve them all by heat 
treating, but by careful manipulation of the factors in- 
volved heat treating can be used to increase one prop- 


H erty without decreasing the others to a dangerous 


point. For example, any increase in tensile strength 
is accompanied by an increase in hardness, and an in- 
crease in hardness must always be accompanied by a 
loss in ductility. If the ductility of the steel were of 
more importance to the engineer than the increased 
tensile strength, then the part in process would be 
treated for ductility; if ductility were of secondary im- 
portance and increased tensile strength were desired, 
then the method of heat treating would be applied to 
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In fabrication problems, that is, problems of making 
steel into parts, the control of the physical properties 
is of extreme importance. The making of steel cart- 
ridge cases has been a classic example of the importance 
of heat treatment to control the structural qualities so 
these cases could be made as satisfactory as the pre- 
vious brass cases. The machinability of steel is di- 
rectly dependent on the heat treatment which precedes 
the machining operation. The increased use of alloy 
steel to obtain greater and greater physical properties 
has increased the problems of machining. The in- 
creased production demand has required faster turning, 
milling, and boring on steels which continue to grow 
tougher and tougher. Whereas the heat treating de- 
partment used to be the blacksmith shop with a couple 
of coal fires and a pail of water for a quench, the modern 
heat treating department is now equipped with the 
finest possible equipment with furnace temperatures 
controlled, furnace atmospheres controlled, quenching 
temperatures controlled—all done automatically and 
precisely. Heat treating has become a science. 

As was said before, the ultimate use of heat treatment 
is to get the maximum physical properties from a given 
steel. The attainment of these physical properties 
depends largely on the hardenability of the steel being 
processed. Hardenability may be defined as the ability 
of a steel to hold carbon in the supersaturated solution 
of alpha-iron. The more carbon which can be held in 
this supersaturated solution the greater is the harden- 
ability of the steel. 


USE OF ALLOYS 


This hardenability can be attained in two ways: 
either by increasing the rate of heat removal to freeze 
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a greater amount of carbon in the supersaturated alpha- 
iron, or by lengthening the time required for the trans- 
formation from the gamma-iron to the alpha stage. 
There is a definite physical limit to the rate of heat re- 
moval, so the collective efforts of steel makers have 
been to formulate steels which would—because of their 
chemical make-up—allow a longer transformation time 
from the gamma phase to the alpha phase of iron. To 
that end, additional elements other than carbon have 
been alloyed with the iron to promote hardenability by 
slowing up the required cooling rates. Almost all the ele- 
ments, with the exception of cobalt, when alloyed in steel 
retard the rate of the austenite decomposition and thus 
increase hardenability. This means that by the proper 
control of the elements the desired hardness can be ob- 
tained without the use of a drastic quench. At first 
glance, this seems unimportant until the problem of heat 
removal from varying sections in the same piece of steel 
is considered. Consider a piece of steel which has a 
base 2” thick by 4” wide by 8” long from which there 
extend four fins 4” long by 4” wide and 1/4” thick. If 
that piece were made of a 0.50 per cent straight carbon 
steel, to obtain a maximum hardness in the base would 
necessitate quenching in an ice cold brine solution. If 
the same piece were made from a steel similar to S.A.E. 
4650, which is a nickel-molybdenum steel, it could be 
quenched in oil at a temperature of 140°F. and the 
same hardness obtained. And if the same piece were 
made of a high chromium-vanadium steel, it could be 
quenched in air at room temperature and the same or 
greater hardness obtained. The possibility of distor- 
tion and cracking because of the slower and more uni- 
form heat removal is lessened when the steel with the 
slowest required cooling rate is used. 

Heat treating today is concerned more and more with 
modifying the qualities and properties of the steels 
which are handled, because the demands made of the 
steels specified by the designers become more stringent. 
Tensile strengths unheard of 10 years ago are routine 
today, largely through the use of alloyed steels and the 
proper heat treatment of them. 

Increased production of parts is more and more ee 
pendent on the processing of the steel prior to and dur- 
ing the machining operations. 


CONTROLLED ATMOSPHERE 


The use of controlled atmosphere furnaces for the 
heating cycle is one of the outstanding major develop- 
ments of recent years: As the temperature to which 
the steel is heated is raised, the activity with which 
oxygen attacks the steel increases. A bar of steel 
heated in an ordinary semimuffle furnace without any 
protective atmosphere to a temperature of 1650°F. is 
covered by scale or iron oxide which not only causes 
loss of dimension but also alters the surface condition of 
the piece by causing decarburization. 

By using a furnace in which the heating chamber is 
either a retort or a muffle and by maintaining a gas 
pressure within the retort slightly higher than the at- 
mosphere, the control of the surface characteristics of 
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the steel in process becomes almost micromatic. Sev- 
eral methods of obtaining these protective atmospheres 
are used, é. g., partially burned city gas, cracked an- 
hydrous ammonia, and charcoal gas. 

The time necessary for cleaning after heat treatment 
is eliminated when the work is done in a proper atmo- 
sphere; the amount of stock left for grinding is reduced, 
with a consequent speeding up of that operation; the 
loss of tools and dies due to decarburization of the cut- 
ting edge is lessened, and the whole processing of the 
part or parts is hastened. 


SALT BATHS 


The use of liquid baths for heating mediums has in- 
creased greatly with the improvement of salt mixtures. 
These liquid baths offer a form of atmospheric control in 
that the part processed is immersed in the bath, thus 
preventing any contact with the air and thereby pre- 
venting scaling and oxidation. The heating is more uni- 
form than in air heating, and because of this the tend- 
ency to warp is reduced. The rate of heating is more 
rapid and consequently the rate of production is greater 
and the unit production cost is lower than in dry heat- 
ing. 

Salt baths are produced from the carbonates, cya- 
nides, chlorides, nitrides, and nitrates of barium, cal- 
cium, potassium, sodium, and similar elements. The 
above-mentioned salts are mixed according to the re- 
quirements and fused to give a stable bath. The baths 
can be neutral, nondecarburizing and noncarburizing, 
or they can be active and used either for nitriding or 
carburizing. 

These salt baths usually consist of an alloy pot ex- 
ternally heated by oil or gas, but the use of immersed 
electrode furnaces is displacing the externally fired pot. 
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The immersed electrode furnace usually consists of tw 
or three electrodes (depending on the use of single- o 
three-phase power) spaced an inch or two apart and 
immersed in the salt. The molten salt is a conductor, 
A low voltage is impressed across the electrodes, and 
alternating current then flows through the salt between 
the electrodes, which by virtue of its own resistance be. 
comes heated. These immersed electrode furnaces can 
be used at temperatures from 300° to 2400°F. and are 
particularly efficient at the higher temperatures. 

The use of salt baths for the hardening of high speed 
steels was accelerated by the advent of molybdenum 
high speed steels which have a marked tendency t 
decarburize at the hardening temperature of 2250°F, 
The neutral salt bath provides maximum protection from 
decarburization during the heating cycle and, becaus 
of the film of salt left on the part upon withdrawal from 
the salt, eliminates oxidation of the part from the harden. 
ing furnace to the quench. 

Liquid carburizing is done in baths consisting of neu- 
tral salts plus cyanide. Case depths can be obtained 
from 0.002 inch to 0.150 inch, depending on the time 
that the piece is held in the salt and the temperature at 
which the carburizing is done. For case depths of 0.40 
inch and less, and parts of not too great size, this method 
of liquid carburizing is much faster, cheaper, and more 
uniform than pack or gas carburizing. 


Tempering salts which melt at 800°F. are in common) 
use today doing double duty—tempering and descaling. F 
Scaly work which must be tempered comes out of the Fy 


bright tempering absolutely clean. Use of this salt has 


eliminated thousands of hours of sand blasting which F 


would have been necessary had the work been done in 
an ordinary tempering furnace. 
(Continued in the next issue) 


THE DETERMINATION OF SILVER IN A PHOTOGRAPHIC EMULSION (Continued from page 150) 


cyanide-separation method were soaked in 50 ml. 
saturated sodium sulfide solution for one-half hour. 
The disintegrated emulsion was transferred to beakers, 
and the mixture digested on a steam bath for one 
day. After separating the supernatant liquid by filtra- 
tion, the silver sulfide residue was washed by de- 
cantation until washing was complete—until no brown 


precipitate of silver sulfide was formed on adding 
silver nitrate to the hot wash water used in the wash- 
ing. The filter paper was returned to the beaker 
containing the bulk of the silver sulfide, and 100 ml. 
nitric acid (1:1) added. After boiling until solution 
of the sulfide was complete, the solution was cooled 
and titrated as before with 0.0523 N KSCN. 


FLUOROCHEMISTRY IN MILITARY SCIENCE (Continued from page 125) 


tions,’’ Chemical Publishing Company, Inc., Brooklyn, 
New York, 1941. 

(4) De Ment, ‘‘Fluorochemistry,’’ Chemical Publishing Com- 
pany, Inc., Brooklyn, New York (in press). In this book 
will be found a complete treatment of the theoretical 
foundations of fluorochemistry. 

(5) SEABROOK, ‘“‘Dr. Wood,’’ New York, 1941, pp. 205-6. 

(6) Cf. AuDUBERT, Trans. Faraday Soc., 35, 197 (1939), and 
reference (4). 

(7) RADLEY, personal communication from Manchester, Eng- 
land, 1943. 

(8) Cf. De Ment, Military Eng., 34, 538 (1942). 

(9) Dake AND De Ment, “Ultraviolet light and its applica- 
tions,’’ Chemical Publishing Company, Inc., Brooklyn, 
New York, 1942. 

(10) De Ment, Refiner Natural Gasoline Mfr., 21, 81 (1942) and 


subsequent papers in this journal and in Oil Weekly. 

(11) Woop, J. phys., 9 (1919). 

(12) See Science News Letter, 42, 126 (August 22, 1942). 

(13) A list of many fluorescent chemicals is to be found in DE 
MENT, “Fluorescent chemicals and their applications,” 
Chemical Publishing Company, Inc., Brooklyn, New 
York, 1942, 

(14) See Science News Letter, 41, 345 (1941); 
338 (1941). 

(15) See Science News Letter, 42, 265 (1942); Geol. News Letter, 
8, 179 (1942). 

(16) See BENNETT, ‘“‘The (new) Chemical Formulary,’’ Volume 
VI, Chemical Publishing Company, Inc., Brooklyn, New 
York, 1943. 

(17) See Science News Letter, 42, 325 (1942) for a good account. 

(18) Fisupack, J. Lab. Clin. Med., 26, 1966 (1941). 
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RECENT BOOKS 


GENERAL CHEMISTRY PROBLEMS. Walliam M. Spicer, Associate 
Professor of Chemistry, Georgia School of Technology, William 
S. Taylor, Professor of Chemistry, Georgia School of Tech- 
nology, and Joe D. Clary, Assistant Professor of Chemistry, 
Georgia School of Technology. John Wiley and Sons, Inc., 
New York, 1943. v + 120 pp. 2 figs. 14.5 KX 22cm. $1.25. 
No one denies that problems are the bugbear of most students 

in general chemistry. These authors approach the subject by 
telling the student, ‘‘ . . . all education is self-education. You 
must do the work. The purpose of this workbook is to help you 
teach yourself .... The difficulty (in working problems) is not 
in the mathematics, but is due to a lack of understanding of the 
principles, an inability to be exact, and a tendency to work 
problems by a mechanical process.... We require you to justify 
each step in writing by reference to a law or definition, or by 
mathematical reasoning.... If a student can work a given prob- 
lem in this way, we are justified in believing that he is capable 
of solving other problems of the same type.” 

The book “‘attempts to teach (1) the necessity for (written) 
justification of every step taken in the solution of a problem, 
(2) the importance of thinking in terms of chemical units (moles, 
gram-atomic weights, gram-equivalent weights, etc.), (3) the 
elementary ideas about significant figures, (4) the use of loga- 
rithms and the slide rule, (5) the importance of mentally checking 
all results.” 

Certainly these aims are laudable, although for non-engineering 
students, (the authors are all faculty members of the Georgia 
School of Technology), number 4 may seem superfluous. Cer- 
tainly, too, these aims are met in excellent style. The usual 


F topics of units, formulas, gas laws, valence, molecular and 
) atomic weights, problems based on equations, solutions, and 


equivalent weights are accompanied by a significant chapter 


» on Use of Chemical Units of Quantity, and by good discussions 
lone in & 


of exponents, logarithms, and significant figures. 

Purists, and teachers of advanced courses, may find room for 
quibbling over such items as the use of cc. rather than ml., the 
definitions of valence, normality and equivalent weight, and the 
use throughout of the Arrhenius theory of ionization. In the 
light of exact knowledge exceptions may be taken, but this re- 
viewer is content with the course chosen. 

The only fault this reviewer finds with an excellent text, well 
written, well printed, is with the sometimes elaborate efforts 
the authors have made to eliminate the use of proportions. 

In short, all teachers of general chemistry should consider 
well the use of this book in meeting what should not be, but is, 
the greatest difficulty faced by their students. 

Ear W. PHELAN 


THE GeorGIA STATE WomMAN’Ss COLLEGE 
VaALvosta, GEORGIA 


John J. McCarthy. W. W. 
Norton and Company, Inc., New York, 1948. 265 pp. 15 figs. 
13.5 X 20cm. $2.50. 

This timely book by the assistant chief, in command, New 

York Fire Department, who has spent 29 years in active fire 


THE SCIENCE OF FIRE FIGHTING. 


fighting is from a practical authoritative source. It contains 
examples of fire-fighting strategy, suggestions for mutual aid, 
and an appendix on hydraulics. 

A title such as “‘Techniques of Fire Fighting and Fire Pre- 
vention’? would be more descriptive. The scientific aspect of 
the subject is limited, discussion of the fundamental nature of 
fire occupying only part of a chapter. Just as a chemist needs 


the help of the fire department in fighting a serious fire, so the 
smoke-eater can profit by collaboration with a chemist in studying 
the scientific aspect of fires, avoiding technical errors, and 
realizing that the fundamental problem is one of controlling a 
chemical reaction. 

ELBERT C. WEAVER 


PHILLIPS ACADEMY 
ANDOVER, MASSACHUSETTS 


INTRODUCTORY COLLEGE CHEMISTRY. J. A. Babor, Associate 
Professor of Chemistry, College of the City of New York, and 
A. Lehrman, Associate Professor of Chemistry, College of the 
City of New York. Thomas Y. Crowell Company, New York, 
1941. xiii + 663 pp. 138 figs. 15 X 23cm. $3.50. 

The text consists of 48 chapters covering some 625 pages, plus 
9 pages of appendixes which include a four-place table of loga- 
rithms and an index. In the index many of the references to 
chromium and its compounds are misplaced. 

The book is intended for two types of courses: classes com- 
posed of students who have had no high-school instruction in 
the subject and classes composed of both students who have 
had no high-school chemistry and those who have had an ele- 
mentary course. 

This result has been accomplished largely by elimination and 
rearrangement of material found in the text, ‘‘General College 
Chemistry,’’ by the same authors. For example, the chapters 
dealing with colloidal solutions and radium and radioactivity 
appear to be identical, word-for-word, in the two texts. In 
other portions of the text, by the elimination of paragraphs 
dealing with the more advanced discussions the material is 
brought within the scope of this book. This has been done in 
such manner as to detract in no wise from a logical development 
of the subject. 

Theoretical matter is distributed throughout the first half of 
the book and not all given in the first few chapters before the 
student has had opportunity to acquire some chemical knowledge. 
The theoretical material is modern and is explained in an under- 
standable fashion. The Brénsted theory of acids and bases is 
introduced after the limitations of the Arrhenius concept of 
ionization have been discussed, and thereafter is employed 
exclusively. 

Molecular and atomic weight determinations are taken up in 
chapter 8 after the student has been introduced to oxygen, 
hydrogen, and water, and the kinetic molecular theory. This is 
the chemist’s method. No mention is made of the mass spectro- 
graph at this point, but brief mention of it is made in chapter 20 
in the discussion of atoms and isotopes. The reviewer wishes 
more writers of freshman chemistry texts would make use of the 
physicist’s method of determining atomic weights since less 
confusion results in the beginner’s mind. The chemist’s methods 
could come later. 

The organic chemistry content consists of four chapters: 
carbon and some carbon compounds, the hydrocarbons, deriva- 
tives of hydrocarbons, and carbohydrates. Any one or all of 
these chapters may be omitted if so desired. There is also a 
13-page chapter on food and nutrition. Brief mentien is made 
of the essential foods for man, together with two tables on com- 
position of the edible portions and ash of a number of common 
foods. 

The discussion of metals occupies 138 pages and is devoted to 
the more common metallic elements. It is so arranged that a 
course in qualitative analysis may be simultaneously studied. 
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The applications of chemistry are not overlooked. Many 
references occur in which the student is shown the use made of 
chemistry in medicine, industry, and agriculture. 

On the whole the reviewer would designate this as a well- 
written, logical, and teachable text on freshman chemistry, and 
it is his further feeling that one who properly completes this 
work should be qualified to take up subsequent courses in 
chemistry. 

H. H. K1nc 


Kansas StaTeE COLLEGE 
MANHATTAN, KANSAS 


ELectronic Puysics. L. Grant Hector, National Union Radio 
Corporation, Herbert S. Lein, University of Buffalo, and 
Clifford E. Scouten, University of Buffalo. The Blakiston 
Company, Philadelphia, 1943. viii+ 355pp. 289 figs. 15 
22 cm. $3.75. 

This is not a book on electronics, in the usually accepted sense 
of the word. The title suggests that the book deals with the 
physics of electronic devices; instead it is an elementary text- 
book on electricity, light, and ‘‘modern’”’ physics. 

The authors state that the text is for beginners. For com- 
plete comprehension, however, this book should be preceded 
by another on mechanics and heat. The ideas and units of 
force, work, and power are used without definition in their 
mechanical sense, and knowledge of the calorie, methods of 
mixtures, and specific heat is assumed. 

The authors also state that, ‘‘This text has been used with 
college freshmen and sophomores, pharmacy classes, special 
courses in ground school for pilots, students in Signal Corps 
radio classes, and a few high-school classes.’’ The treatment, 
however, is very elementary. Although the book contains 
350 pages, the general level of difficulty does not approach 
that met in the usual text for first-year college physics. For 
example, the treatments of electrolysis and batteries fail com- 
pletely to present ideas of the chemical reactions at the plates. 
Only a disturbingly simple picture of the transfer of electrons 
is given. There is no distinction between the e. m. f. and the 
terminal voltage of a battery, though internal resistance is 
included. Mention is made of shunt, series, and compound 
motors, but no idea of the advantages of each type is given. Snell’s 
law is mentioned briefly, but not stated or used mathematically. 
Total internal reflection is demonstrated, but no mention is made 
of the value of the critical angle, even for glass or water. In 
fact, a very limited use of mathematics is made throughout the 
book. 

This text does have its good points. The large number of 
pages and the lack of any advanced and complicated treatment 
give the authors an opportunity to develop at length the ideas 
which are often all too briefly covered in the standard college 
text. Particularly good is the treatment of magnetism, electric 
meters, inductance and alternating current, electron tubes, the 
electromagnetic spectrum, and transmutation of the elements. 

Almost all of the electrical phenomena are presented from 
the electron-proton point of view. For instance, the ideas of 
magnetism are first presented in terms of electromagnetism of 
moving electrons, and then related to permanent magnets 
by considering the electrical nature of atoms. This approach 
allows a lucid if elementary description of photoelectricity, 
x-rays, electron tubes, radioactivity, and transmutation. 

A feature of the text is the use of color in the line drawings. 
In general, the material parts are represented in black and the 
special or electrical features in red. The authors claim that the 
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beginner’s attention is much more readily focused on the special 
features of these drawings than on all black figures. 

This is a carefully developed elementary text in electricity, 
light, and modern physics, with a decidedly modern viewpoint 
It should be suitable for students who want an interesting 
picture of the electrical side of physics, with all difficult math. 
ematics and confusing experimental detail omitted. 

E. P. Littie 


THe PHILLIPS ExeTeR ACADEMY 
EXETER, New HAMPSHIRE 


SEMI-Micro QUALITATIVE ANALysis. James T. Dobbins, Pro. 
fessor of Chemistry, University of North Carolina. John 
Wiley and Sons, Inc., New York, 1943. x + 423 pp. 4 figs. 
15 X 22cm. $3.00. 

The two outstanding features of Professor Dobbins’ course in 
qualitative chemical analysis are already familiar to the readers 
of Tus JOURNAL, through his recent articles in collaboration 
with his coworkers; these are (1) the shortening of the time 
required for identifying the usual cations, and (2) a complete 
systematic scheme of separating the common anions. The first 
objective is accomplished by the elimination of many of the 
standard separations and the judicious application of organic 
reagents. The group separation of the anions is effected by 
consecutive addition of calcium, barium, cadmium, and silver 
acetates, under specified hydrogen ion concentrations. From 
the standpoint of the average student, both of these innovations 
constitute genuine advances over the more standardized pro- 
cedures. With no increase in laboratory time, a greater number 
of ‘‘unknowns”’ can be analyzed with a reduction in tedium and 
with heightened interest. For the nonprofessional chemistry 
student, these advantages may very well outweigh the slighting 
of ‘‘fundamental” chemistry. 

It is unfortunate that this new textbook fails to take advantage 
of equally important developments in theory. It is really dis- 
couraging to find that the very fruitful modern theory of electro- 
lytes, now in its 21st year of development, is still considered too 
difficult and obscure for immature students. ‘The principles of 
common-ion and uncommon-ion effects and solubility product 
may be interpreted most easily on the assumption that molecules 
[of salts] exist in solution and that an equilibrium exists between 
them and their ions.” An entire chapter is devoted to the 
“Uncommon-Ion Effect,’ in the effort to bring the complex 
behavior of aqueous solution into conformity with the simple 
postulates of the Arrhenius theory. While the ideas may be very 
“teachable,’”’ they are not constructive in advancing the training 
of students in chemistry as a science. As a matter of fact, most 
of the examples of the “uncommon-ion effect” are usually classi- 
fied as examples of weak acids or complex ions and are not ex- 
amples of what is called, more commonly, the salt-effect. 

The book has few sketches illustrating laboratory techniques, 
has no periodic table, and no references to the literature. A large 
number of introductory experiments are included to give the 
student the background for carrying out the analytical procedures. 

Professor Dobbins’ béok can be recommended only for students 
who are not planning to become professional chemists. For the 
latter, this reviewer believes, a more fundamental course, both 
from the standpoint of theoretical treatment and laboratory 


practice, should be offered. 
LAURENCE S. FOSTER 


UNIVERSITY OF CHICAGO 
Cxicaco, ILLINOIS 


If you are a trained chemist, you have 1999 neighbors in America who are not. 
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Editors Outlook 


ee planning seems to be all the rage now— 
except, apparently, in chemical education. There 
will no doubt be plenty of problems in this as in other 
fields. We will, of course, share many of the general 
educational problems and have, in addition, plenty of 
our own. 

Large numbers of half-trained chemists will return 
from the Service, anxious to complete their training as 
quickly as possible. Many of these will find themselves 
unable, physically, intellectually, or emotionally, to fit 
in just where they left off. Teachers, returning from 
war work, may find it difficult to settle down to their 
old jobs again. Equipment, long neglected, will be in- 
adequate to handle the new crowds. There will be a 
lot of “catching-up”’ to do; industry will probably be a 
long way ahead of teaching, as a result of war stimulus. 
After having geared our teaching to the ASTP and 
NCTP patterns there will be problems connected with 
its return to normal again. Recently we ‘‘accelerated’’; 
the question of ‘‘deceleration’’ will arise. 

These and many other problems will be before us— 
the sooner the better, of course. We haven’t heard 


' much talk about them; it should be the business of the 


Division of Chemical Education to start some. 
The postwar period will be a severe test of the com- 
petency of the Division in its own field. We strongly 


| suspect that when the time comes for some concen- 


trated thinking—and action—on the principal prob- 
lems of chemical education the Division of Chemical 
Education will not be thought worth while consulting. 

What more important problem can there be in chemi- 
cal education than the training of professional chemists? 
Yet at no time has the division of Chemical Education 
had a serious part in the deliberations when the training 
of professional chemists was endangered or threatened. 
Why? Because the matter is much too important for 
any less than the most powerful and capable agency 
to handle. The Division has had its sights too low. 
Its rank and file, and its leaders for a large part, have 
not been among those who successfully assume the pre- 
rogative of training professional chemists. 

A large part of the trouble is a mere question of termi- 
nology. ‘‘Education,” like aspirin, has a bad taste in 
many mouths. For some reason the word is not in very 
good repute in certain circles, and many scientists seem 
to think that they jeopardize their reputations by any 
association with ‘“‘education.’’ Another idea is that the 
“teacher” is a low sort of person who, poor fellow, 
can’t do any better. But, after all, he doesn’t invade 
the precincts above the first college year, where, indeed, 
Nh ends—and presumably something better 

gins, 


Of course, the Division is largely responsible for its 
own predicament. One cause of it is to be found in the 
conditions of the birth of the Division, which grew out 
of a desire for opportunity to discuss everyday teach- 
ing problems, and particularly the relation between 
secondary-school and college chemistry. Granted that 
these are important elements in chemical education, 
they are not the only ones, nor indeed in many cases the 
most important ones. So, after gathering together 
people who were interested in a particular phase, the 
Division made the mistake of spending all its time on 
the cultivation of too little ground, instead of consoli- 
dating the whole area to which it was entitled. Conse- 
quently, many people whose voices are powerful in the 
decision of educational policies thought they had some- 
thing more to do than sit around talking about the ad- 
vantages of teaching valence this way or that way, 
whether qualitative analysis should be independent or 
a part of general chemistry, or whether organic should 
be sharply divided into aliphatics and aromatics. 

It is time we had a real Division of Chemical Educa- 
tion, one to which people will look for leadership in any 
branch of the field, not merely in teaching techniques. 
The American Chemical Society should be able to trust 
this division in matters of professional educational 
policy as confidently as it trusts any of the other divi- 
sions to establish standards and procedures. 

An organization like this is no bigger than its mem- 
bers. If the Division is to increase, qualitatively and 
quantitatively, it must get more and bigger members. 
Somehow the engineers seem to have found a solution 
for this difficulty, in the Society for the Promotion of 
Engineering Education. They apparently find no in- 
compatibility in the association of a dean of an engi- 
neering college with an instructor of mechanical draw- 
ing. We must work out the same sort of relation, 

There has been some agitation for a meeting of col- 
lege departmental heads at the annual meetings of the 
Society to discuss administrative and other problems of 
high import. Why should such discussions have to 
take place in the lobby or a hotel bedroom? This is a 
matter of chemical education; the framework of the 
Division should be able to contain it. It may be ob- 
jected that the Division’s machinery and the atmos- 
phere of its sessions are not conducive to such delibera- 
tions—and perhaps that is true. But if so, the diffi- 
culties should be removed and the Division made 
worthy of its name. 

But all this means a very considerable change in, or 
addition to, the personnel and leadership of the Divi- 
sion. How is this to come about? Well, there is your 
problem of postwar planning. 
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Friedrich Wohler and His American Pupils 


H. S. VAN KLOOSTER 
Rensselaer Polytechnic Institute, Troy, New York 


MONG the 19th century masters of chemistry 
whose fame as investigators and teachers has 
spread to all corners of the globe, Friedrich Wohler 
occupies a unique position. Of the hundreds of 
Americans who went abroad for postgraduate training 
a considerable number spent one or more semesters at 
the Hanoverian city of Géttingen where Wohler taught 
for nearly half a century. Gdttingen, the third in the 
list of four German universities most favored by Ameri- 
cans (the other three being Berlin, Leipzig, and Heidel- 
berg), had close to 1200 American students in the 
period from 1810 to 1910 and of this number about 200 
studied chemistry (1). Numerous colleges and uni- 
versities had or still have on their staff one or more pro- 
fessors who at one time were students at the George 
Augustus University, founded in 1735 under the 
auspices of George II of England (1683-1760) who was 
also Elector of Hanover. Taking as an example the 
institution with which the writer has been connected 
for 25 years, we find no fewer than eight men on the 
Institute faculty who received their training, wholly 
or partly, at Géttingen and of these, four came under 
the influence of Wohler. As a matter of fact, the first 
alumnus of the Rensselaer Institute to cross the Atlantic 
(in 1833) for further study, viz., James Curtis Booth 
(1810-11) was the first American pupil of Wohler (2). 
Booth, who taught at the Institute in 1831, was no 
doubt attracted by Wohler’s early successes in syn- 
thesizing urea (1828) and in isolating beryllium and 
aluminum (1827). At that time Wéhler was not yet a 
university professor, but taught at a newly founded 
industrial school (Gewerbe Schule) in Cassel. His 
fame did not spread so rapidly as that of his noted con- 
temporary, friend, and co-worker, Liebig. It was only 
in the early fifties, when Wohler had practically com- 
pleted his lifework as a creative chemist, though he was 
to continue his teaching career for another 30 years, 
that American students of chemistry went to Géttingen 
to study under Wohler. 

The earliest of these American chemists were Newton 
Spaulding Manrosz (1828-62) and William Smith 
Clark (1826-86). On March 18, 1852, Woéhler wrote 
to Liebig: ‘‘I am sending an article by Manrosz on 
the ‘artificial production of crystallized minerals.’”’ 
This was Manrosz’ doctoral thesis which was pub- 
lished in the Annalen (82, 348). Manrosz, a graduate 
of Yale (1850), taught later at Amherst (1861-62) 
and found an untimely death at the battle of Antietam 
(1862). In the same year (1852) Clark obtained his 
degree with a thesis on ‘‘metallic meteorites’ which 
was, likewise, published in the Amnalen (82, 367). 
A graduate of Amherst (1848), Clark, on his return 


to America became professor of chemistry at his Alma 
Mater. He fought in the Union Army (1861-64) 
and in 1868 entered upon his duties as president of the 
newly established Massachusetts College of Agricul- 
ture. In 1877 he took a year’s leave of absence to 
promote the founding of the Imperial College of Agricul- 
ture in Sappora (Japan). 

Another pupil of Wohler who finished his training in 
1852 was John William Mallet (1832-1910) who pre- 
sented a thesis on ‘the chemical examination of Celtic 
antiquities.’”’ Mallet, an Irishman, returned to his 
native city of Dublin in 1853 but came to Amherst the 
same year at the urgent request of his friend Clark. He 
did not stay long but went South and finished his dis- 
tinguished career in 1908 at the University of Virginia 
(3). 

From the titles of the three theses just mentioned, it 
is evident that Wohler left his pupils considerable lati- 
tude in the choice of topics, since they deal with ma- 
terials found in their native country. These investiga- 
tions were published under single and not joint author- 
ship. It is noteworthy that during Wohler’s half 
century of active work most of his contributions appear 
under his own name. Apart from some 15 articles pub- 
lished with Liebig there are barely half a dozen in the 
Annalen that indicate close cooperation between master 
and pupil. Obviously, Wohler, in his later years was 
more active as a teacher than as a researcher. The 
direction of the many ‘‘practica” was left to his assist- 
ants, Fittig, Limprecht, von Uslar, and others whose 
names are most frequently associated with the pub- 
lished work of his students. This is forcefully brought 
out in a letter to Liebig of December 29, 1871, in which 
he writes: ‘After every lecture it bothers me to realize 
that formerly I did not present matters the way I do 
now. That is why I enjoy lecturing and abhor the 
laboratory periods. One might like the contact with a 
few intelligent people but not the company of 75, most 
of them incompetent”’ (4). 

Owing to his linguistic abilities and long-continued 
correspondence with his former teacher Berzelius whose 
works he had translated into German, Wohler’s 
literary talents were developed to such an extent that he 
easily became one of the foremost epistolary writers of 
his time. As such he endeared himself to several of his 
American students by furnishing them with letters of 
introduction to his bosom friend Liebig. Some of 
these are published in the “Liebig-Wéhler Brief- 
wechsel,” sometimes without mentioning the g0- 
between. In a copy of this correspondence the writer 
found a letter written by Dr. Samuel P. Sadtler in 
which he says: ‘You will find on p. 310 of Vol. II the 
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letter under date of April 20, 1871. I had just ob- 
tained my degree and was starting for a six weeks’ trip 
to southern Germany, Switzerland, and northern Italy 
before returning to America. So he (W.) said, he had 
just written to Liebig and I should deliver it and 
have an opportunity of meeting Liebig which I of 
course appreciated very much.” 


CHARLES A. GOESSMANN 
Axsout 1875 


In 1853 the first native Yorker to take his degree 
under Wohler, Charles Aram Joy (1823-91), finished 
his studies at Gottingen, after a two years’ stay, the 
customary period required to take the coveted Ph.D. 
degree in Germany. During the last year of his stay 
at the university Joy was also quite active in the affairs 
of the American Colony at Géttingen, of which he was 
the first recorded ‘‘Patriarch.”” His five immediate 
successors were also chemistry students. In fact, 
during the fifties the chemists formed the majority of 
American students (12 out of a total of 15 in the summer 
of 1855). On his return to America, Joy went back to 
his Alma Mater, Union College, as professor of chem- 
istry. In 1857 he left for New York where he taught at 
Columbia University and later also at the School of 
Mines (1865-77) until ill health forced him to resign. 
Frequent mention is made in the Liebig-Wohler cor- 
tespondence of the Joys, particularly of Mrs. Joy, a 
native of Minden (Hanover) whom Joy had married on 
his second trip to Germany in 1855. Wé6hler, a homely 
individual, whose features remind us somewhat of 
Lincoln, was intensely human and greatly impressed 
by the “eternally feminine that attracts all of us’ 
(Goethe). The charm of the “pretty” and ‘witty’ 
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Mrs. Joy was ‘unforgettable’? and W6o6hler notifies 
Liebig that he keeps up a lively correspondence with 
Mrs. Joy which he (L.) would love to read if it appeared 
in print. 

Another pupil of Wohler who took his doctor’s de- 
gree in 1853 was Charles Anthony Goessmann (1827— 
1910), born in Naumburg (Hessen-Kassel), for 53 
years a resident and for 42 years a citizen of the United 
States. His life and work have been fully described in a 
memorial volume issued by the Massachusetts Agricul- 
tural College in 1917 (5). After serving as an assistant 
to Wohler for five years, Goessmann left for Phila- 
delphia to become chemist and superintendent of the 
sugar refinery conducted by two of his Géttingen 
students, the brothers E. P. and J. H. Eastwick. Re- 
signing this position in the fall of 1860, he spent the 
next eight years as chemist to the Onondaga Salt Com- 
pany in Syracuse (New York). A few months after his 
appointment in Syracuse, Professor C. F. Chandler of 
Union College in Schenectady (New York) urged him 
to accept the professorship of chemistry at the Rens- 
selaer Polytechnic Institute in nearby Troy, which had 
become vacant through the death of the incumbent 
William Elderhorst (1828-61). 


WILLIAM ELDERHORST 


A compatriot of Goessmann and a native of Celle 
(Hanover) Elderhorst as a youth had first joined the 
cadet corps of the Hanoverian army in which his 


father held the rank of lieutenant colonel. On ac- 
count of his weak eyes he was discharged in 1845. 
He then matriculated at the University of Géttingen 
where he studied chemistry, mineralogy, and botany 
till 1850 without, however, completing the require- 
ments for a doctor’s degree. Coming to America in 
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the fall of 1853 he spent some time in Charleston (South 
Carolina) and New York before he was called to Rens- 
selaer in 1855. Here he served for six years as pro- 
fessor of theoretical and practical chemistry. On a 
trip to Venezuela in the summer of 1861 he was taken 
sick with yellow fever and died in Maracaibo on July 
28th. (Prof. Chandler’s recommendation was largely 
responsible for Goessmann’s appointment, in the fall 
of 1861, as professor of chemistry and physics at 
Rensselaer.) This position, which gave Goessmann 
his first chance to teach in America and to build up a 
thorough course of instruction in chemistry, was on a 
part-time basis, occupying only the winter season when 
there was little activity in the salt works. Unable to 
discharge the duties of both positions satisfactorily, 
Goessmann in 1866 relinquished Troy for Syracuse. 
In 1868 he reéntered the teaching profession at the 
urgent solicitation of his former classmate Clark who 
had just then been made president of the Massachu- 
setts Agricultural College at Amherst. Here Goess- 
mann stayed for the rest of his days and accomplished 
his lifework as chief chemist and director of the Massa- 
chusetts Agricultural Experiment Station. In 1854 
only one American student, Samuel S. Garrigues, 
obtained his degree in Gottingen. On his return to 
America, Garrigues settled in his home town, Phila- 
delphia, as manufacturing chemist. Later on he went 
to Ann Arbor as state inspector of salt, in which ca- 
pacity he framed, with the help and advice of Goess- 
mann, the salt laws of Michigan. 

In 1855 and 1856 there was a sizable group of a 
dozen American chemistry students of which no fewer 
than five took their doctor’s degree under Wohler. 
These men were the last to profit from the laboratory 
instruction of Goessmann. On December 20, 1855, 
they presented their “honored teacher’ a beautiful 
balance with a plate bearing the names of John Dean, 
Chas. F. Chandler, Evan Pugh, George C. Caldwell, 
Edward P. Eastwick, Joseph H. Eastwick, James F. 
Magee, David K. Tuttle, James D. Hague, and Henry 
B. Nason. This was a remarkable group of men, several 
of whom occupied in later life prominent positions in 
their respective fields of activity. Two of them, 
Chandler and E. P. Eastwick, were among the founders 
and charter members of the American Chemical So- 
ciety, organized in April, 1876, and three of them, 
Chandler, Nason, and Caldwell became president of 
the Society. The outstanding chemist of this team was 
Charles Frederick Chandler (1836-1925), one of the 
founders of the Columbia School of Mines and a pioneer 
of chemical industry in America (6). After graduation 
from the Lawrence Scientific School of Harvard Uni- 
versity, Chandler in 1855, on the advice of Prof. Joy 
of Union College, went to Géttingen to work under 
Wohler, and graduated in 1857 on a thesis dealing 
with the analysis of minerals. Armed with his doctor’s 
diploma Chandler rushed back to Schenectady and 
found that there was no job open except that of janitor 
at $500 a year, which he promptly accepted. Two 
years later Prof. Joy was called to Columbia Univer- 
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sity, and Chandler at the age of 21 was promoted from 
janitor to adjunct- and shortly afterwards to full pro- 
fessor. In 1864 Chandler left for New York where he 
remained till his death in 1925. 

Evan Pugh (1828-64) obtained his degree in 1856 
with a thesis on ‘‘Miscellaneous chemical analyses.” 
After some further study in Germany, he went to 
England where he worked for two years at the Roth- 
hamsted Experiment Station. Having established a 
well-deserved reputation in agricultural chemistry he 
became, on his return to America, the first president 
and professor of chemistry at Pennsylvania State Col- 
lege. He has left a diary, some parts of which have 
been published in Tuis JOURNAL (7). Pugh was an 
excellent scholar and a keen observer. In one of his 
letters he makes the remark: “Go to Wohler and get 
excellent lectures embracing principles easily under- 
stood and good process instruction in the labora- 
tory .... Asa teacher he (Wohler) is unsurpassed; 
his only fault (if any he has) is that he teaches too 
much.” This agrees with what William Dittmar 
wrote: “As a teacher Wohler ranks with Liebig and 
Berzelius. In a sense he was the greatest of the three. 
Berzelius never had the opportunity to teach large 
numbers of students in his laboratory and Liebig 
lacked the many-sidedness so characteristic of the 
Géttingen laboratory as long as it was really under 
Wohler’s personal direction” (8). 

Another noted agricultural chemist who obtained 
his doctor’s degree in 1856, with a thesis on the fatty 
acids contained in the oil of arachis hypogaea, was 
George C. Caldwell (1834-1907). Graduating from 
Harvard University in 1854, he attended the College 
of Agriculture at Cirencester (England) and finished his 
training under Wohler and Goessmann. Upon return- 
ing to America he first taught at Pennsylvania State 
College and from 1867 until his retirement, at Cornell 
University where he became the head of the Chemical 
Department. In 1869 he published ‘Agricultural 
Chemical Analysis,” for a good many years the stand- 
ard treatise upon this subject. 

Of the two Americans who finished their studies in 
G6ttingen in 1857, viz., Nason and Tuttle, the former 
was, without doubt, better known among contem- 
porary chemists. 

Henry Bradford Nason (1831-96), a native of Fox- 
borough, Massachusetts, and a graduate of Amherst 
(1855), entered the University of Géttingen in the fall 
of 1855. He studied chemistry, mineralogy, and 
geology and obtained his Ph.D. with a thesis on the 
formation of ether. Appointed professor of natural 
history at the Rensselaer Institute in 1858 and at the 
same time at Beloit College in Wisconsin, he divided 
his time between Troy and Beloit until 1866 when be 
became the successor of his former teacher Goessmann 
and resigned the position at Beloit. He traveled 
widely both here and in Europe to broaden his knowl- 
edge of mineralogy, metallurgy, and geology, which 
subjects he also taught in his later years at the In- 
stitute. A versatile and scholarly writer, he pub- 
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lished a number of textbooks on qualitative analysis 
and determinative mineralogy, translated Wohler’s 
“Handbook of Mineral Analysis,” and edited a revised 
version of Elderhorst’s ““Manual of Blowpipe Analy- 
sis,” a popular text first published in 1856 and subse- 
quently reissued in four editions, the last one in 1878. 
He was the recipient of several honorary degrees and 
became president of the American Chemical Society 
in 1890. 

David K. Tuttle (1835-1915) was graduated from 
Harvard in 1855 and spent two years at Gottingen, ob- 
taining his degree in 1857. The next four years he was 
assistant professor of chemistry at the University of 
Virginia. From 1861 to 1886 he was connected with 
various industrial works and from 1886 to his death 
he was assayer, melter, and refiner at the Mint in 
Philadelphia, a position which Booth had held before 
him. A patriarch of the American Colony in his 
student days, he was in his mature years the president 
of the Gé6ttingen Verein in Philadelphia. Next to 
New York and Massachusetts no state has sent more 
students to Wohler than Pennsylvania, and of this 
number a large percentage came from Philadelphia 
where Booth had established a training school for bud- 
ding chemists in his analytical laboratory. 

Elijah P. Harris (1831-1920) was the third Amherst 
graduate (1855) to receive his Ph.D. under Wéhler, 
in 1859. After six years of teaching in Victoria 
(British Columbia) and two in Beloit, he returned to 
Amherst in 1868 where he taught chemistry till his 
retirement in 1907. Modest and unassuming, yet 
forceful and a strict disciplinarian, Harris was a sturdy 
pioneer of science, who taught two generations of 
students, the best of whom (28 in all) he “‘sent”’ to the 
University of Géttingen. Most of these returned with 
a Ph.D. degree and secured prominent positions in the 
educational field. To them, the ‘Old Man,” as they 
called him with affection, was the ‘‘Father of American 
chemistry teachers.” 

The ten Americans mentioned above, who obtained 
their Ph.D.’s in chemistry in the decade from 1850 to 
1860 comprise over 45 per cent of a total of 22 who can 
be classed as pupils of Wéhler. The remaining 12 
(C. Gillingham, E. Hungerford, J. Dean, E. P. East- 
wick, J. H. Eastwick, J. F. Magee, J. D. Hague, E. 
Marsh, A. Muckle, A. P. S. Stewart, T. E. Hart, and 
T. Parkman) with two exceptions, stayed only one 
year. Most of these men went into business as con- 
sulting or manufacturing chemists with the exception 
of Dean, who became a practicing physician in Wal- 
tham (Massachusetts), Stewart, who taught chemistry 
at Lincoln (Nebraska), and Hague, who became a con- 
sulting mining engineer and manager of various mining 
companies. The Eastwicks ran a sugar refinery in 
Philadelphia which existed only a few years, whereupon 
the two brothers went into business independently, the 
older in New York as a member of the firm of Have- 
meyer and Eastwick and the younger in Philadelphia. 
Both had received their preliminary training in Booth’s 
laboratory as had also their mutual friend, Magee. 


HENRY B. NASON 


From the diary and the letters of Magee, published in 
1932 under the title ‘An American Student Abroad” 
(9), one gains a lively picture of the studies and wander- 
ings of a young American chemist in Europe nearly a 
hundred years ago. 

James Francis Magee (1834-1903), a native Phila- 
delphian, on the completion of his high-school training, 
attended the Mount Airy Agricultural Institute in 
Germantown in 1850 and 1851. He then entered the 
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service of the Pennsylvania Railroad as a rodman. In 
the latter part of 1853 he gave up surveying and began 
the study of chemistry in Booth’s laboratory. Here he 
stayed a year and a half. Provided with a recommen- 
dation from Booth he left, in the company of his friends, 
the Eastwicks, for Europe in the spring of 1855. After 
two semesters in Géttingen, he spent one term with 
Bunsen in Heidelberg and returned home in November, 
1856, when he established himself as a manufacturing 
chemist, first alone and later in partnership with his 
friend and colleague, Garrigues. The partnership was 
dissolved in 1861, whereupon Magee organized with 
his brother Michael the firm of James F. Magee and 
Company. This firm, which dealt mainly in photo- 
graphic chemicals, existed till 1877 when Magee retired 
from active business at the age of 43. 


Gro. W. MAYNARD 


The following extracts from Magee’s letters may be 
of interest to present-day readers. On May 18, 1855, 
he wrote: ‘I get up every morning at five, study Ger- 
man to seven, when I take breakfast, go to the laboratory, 
remaining there till one. We hear from nine to ten a 
lecture on chemistry by Professor Wohler. From 
one to two is dinner, then we return to the laboratory 
again till six, when I generally walk till seven, at which 
time I take supper. In the evening I read chemistry 
till ten, then I retire.” Speaking of his fellow com- 
patriots he says: “America has a delegation here of 
which she need not be ashamed. All study hard and 
late and make good use of their time. We associate 
but very little with the German students whose only 
pleasure seems to be in drinking beer, smoking pipes, 
and fighting duels, none of which are pleasant amuse- 
ments for the Americans.’’ Comparing the facilities 
at Géttingen with those of Heidelberg where he went 
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in the spring of 1856, Magee makes the statement: 
“T only wish the laboratory was as good as the one in 
Heidelberg. There you have everything you want, all 
the newest arrangements, and although I should prefer 
to remain in Géttingen, the advantages there (in H.) 
are not to be overlooked. I may find a better labora- 
tory, but I can’t find a better chemist, a pleasanter 
man, and one who is more attentive to his students 
than Wohler.” 

As might be expected, the War between the States 
in the early sixties cut down the enrollment of American 
students to a minimum. From the spring of 1860 to 
that of 1865 only five: M. Perkins, G. W. Maynard, 
S. W. Tyler, P. N. Welch, W. H. Lee, and Wm. H. 
Bruckner enrolled in chemistry. With the exception 
of Bruckner who stayed three years, they remained 
one year or less and did not complete their studies. 

Maurice Perkins (1835-1901), a native of New 
London (Connecticut) studied at the College of Physi- 
cians and Surgeons in New York and obtained an 
M.D. degree in 1859. After an extensive tour abroad 
where he studied at Gottingen, Tiibingen, and Heidel- 
berg, he returned to this country and became pro- 
fessor of analytical chemistry at Union College and 
later also part-time professor at Albany Medical Col- 
lege, holding both positions until his death. 

George William Maynard (1839-1910), a noted min- 
ing engineer, at one time referred to as ‘‘dean of 
American mining engineers,” received his early educa- 
tion in Brooklyn. After graduating from Columbia 
University in 1859, he went abroad the next year and 
spent one semester in Géttingen and one term in 
Clausthal (1862-63) to specialize in mining and metal- 
lurgy. His many diversified interests took him to 
Ireland, Colorado, and later also to Russia. From 1868 
to 1872 he was consulting engineer for the Steel Works 
in Troy, New York, and during that period he taught 
metallurgy at the Rensselaer Polytechnic Institute. 
Since the Institute at that time was without means to 
establish an adequate School of Mines, Maynard 
returned to New York, where he conducted a highly 
successful consulting practice. 

From 1865 to 1870 the number of American chemists 
in Géttingen again increased, and reached a maximum 
in 1869 when no fewer than 11 worked in Wohler’s 
laboratory. Out of a total of 27, only eight (R. Marx, 
J. H. Eaton, H. Carmichael, M. S. Southworth, H. E. 
Storrs, Ch. K. Jewett, D. E. Mellis, and R. D. Wil- 
liams) stayed two years or longer and the records 
show that five (H. C. Bolton, H. Carmichael, H. E. 
Storrs, I. Remsen, and D. E. Melliss) obtained their 
Ph.D.’s during that period. Henry Carrington Bolton 
(1843-1903), a New Yorker by birth, studied at 
Columbia University under Joy, graduated in 1862, 
and spent the summer of 1865 with Wohler, under 
whom he started his work on fluorine compounds of 
uranium. He continued this research in Hofmann’s 
laboratory and took his degree in 1866. He taught 
for a number of years at Trinity College in Hartford 
(Connecticut) (1877-87) and resigned to devote his 
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remaining years to special studies. His role as “‘his- 
torian and bibliographer of chemistry’ has been de- 
scribed in TH1s JOURNAL (10). 

Henry Carmichael (1846-1924), born in Brooklyn, 
New York, studied at Amherst, graduating in 1867. 
He then spent four years in Géttingen, obtaining his 
Ph.D. in 1871. On his return he taught one year at 
Grinnell College, next at Bowdoin College and the 
Maine Medical School (1872-86) while at the same time 
acting as state assayer. He finally settled in Boston as 
assayist and inventor. 

Probably the best known of all Wéhler’s pupils is 
Ira Remsen (1846-1927), a native New Yorker, who 
after obtaining an M.D. degree at Columbia Univer- 
sity in 1867, switched to chemistry, spending three 
semesters at Gottingen, where he obtained his doctor’s 
degree in 1870 on a subject suggested and directed by 
Wohler’s assistant, Fittig. For the next two years 
Remsen acted as assistant to Fittig in Tiibingen. Re- 
turning to America in 1872, Remsen taught chemistry 
for four years at Williams College and came to Johns 
Hopkins University in 1876, where he wound up his 
brilliant career as president of the university. His 
life and work have been fully recorded in TH1s JOURNAL 
and in a recent monograph by his pupil Getman (11). 

Only brief mention can be made of some other old 
Gottingen students who pursued academic careers in 
later life. Mase Shepard Southwortli was Remsen’s 


successor at Williams College where he taught from 
J. H. Eaton taught at Beloit College, 


1876 to 1881. 
and Chas. A. Schaeffer at Cornell University. Eugene 
A. Smith, who, obtained his Ph.D. degree at Heidel- 
berg in 1880, specialized in mineralogy and geology, 
subjects which he taught from 1871 to 1911 at the 
University of Alabama. 

With the exception of J. P. Battershall who held a 
government position in New York City, the majority 
of this large group, which includes A. Dung, R. Marx, 
D. Whitney, S. A. Murphy, C. A. Duval, F. Crook, 
L. H. Bullard, R. Emory, G. H. Gray, J. J. Kunkel, 
W. H. Frueauff, J. Barringer, and J. C. F. Randolph, 
entered the business world. 

During the final decade of Wéhler’s teaching career 
from 1870 to 1880, the number of American chemists 
dropped to 25, but more than 50 per cent of them 
stayed long enough in Géttingen to obtain a Ph.D. 
degree. The complete list, in chronological order, con- 
tains the names of N. M. Terry, T. R. Baker, S. P. 
Sadtler, L. B. Hall, H. N. Morse, A. D. Lawrie, L. 
Mears, E. F. Smith, W. F. Smith, J. T. Stoddard, S. M. 
Babcock, S. W. Dabney, and L. W. Andrews. Most of 
these men, as the following brief sketches indicate, 
have achieved prominence in their chosen specialities. 

Nathaniel M. Terry (1844-1922), an Amherst graduate 
in the class of 1867, got his Ph.D. in 1871, and the next 
year became professor of physics at the U. S. Naval 
Academy. From 1886 to 1913 he also taught chemistry 
at the Academy. 

Thomas R. Baker (1837-1930), a B.S. of Pennsyl- 
vania State Normal School, taught mathematics at 
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Pennsylvania State College from 1861 to 1867. In 1869 
he went to Gottingen where he obtained his degree in 
1871. He then taught at his Alma Mater from 1871 to 
1886. In 1887 he moved to Florida where he estab- 
lished a private laboratory in Orlando. From 1892 
to 1912 he was connected with Rollins College. 

Samuel P. Sadtler (1847-1923) studied at Pennsyl- 
vania (now Gettysburg) College where he obtained 
the degrees of A.B. and A.M. in 1867 and 1870. After 
spending one year at Gottingen he obtained his Ph.D. 
(in 1871) and returned to Pennsylvania College as pro- 
fessor of chemistry, remaining there till 1877 when he 
was appointed professor of general and organic chem- 
istry at the University of Pennsylvania. He held this 
position until 1891. He then established with his 


From Lert To RIGHT: Dr. LEVERET1 
Mears, Dr. EpGar F. SMITH, AND Dr. 
W. F. SmitH, ON GRADUATION Day 


son a consulting and analytical concern under the name 
of Samuel P. Sadtler and Son. Meanwhile he con- 
tinued teaching at the Philadelphia College of Phar- 
macy till 1916. He was the author of several popular 
texts and was the founder and first president of the 
American Institute of ‘Chemical Engineers. 

Lyman Beecher Hall (1852-1935), a native of New 
Bedford (Massachusetts) and a graduate of Amherst 
College (1873), obtained his Ph.D. under Wohler in 
1875. The next four years he spent at Johns Hopkins. 
In 1880 he became professor of chemistry at Haverford 
College, where he remained till his retirement in 1917. 

Harmon Northrop Morse (1848-1920), born at 
Cambridge (Vermont), a classmate of Hall, stayed two 
years in Gottingen, and also finished in 1875. After 
one year of teaching at Amherst he served at Johns 
Hopkins, first as assistant professor and later as full 
professor and director of the chemical laboratory. He 
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is best known for his painstaking and accurate measure- 
ments of osmotic pressures. 

Leverett Mears (1850-1917) of Essex (Massachu- 
setts), also an Amherst man (class of 1874), on com- 
pleting the requirements for his doctor’s degree under 
Wohler (some years later he named one of his sons 
after his revered teacher) went back to Amherst as 
instructor from 1876 to 1881, when he was appointed 
professor of chemistry and physics at Williams College. 
In 1888 he became professor of chemistry there and 
continued in that position till-his death in 1917. 

Edgar Fahs Smith (1856-1928) of York (Pennsyl- 
vania), a pupil and later colleague of Sadtler, gradu- 
ated from Pennsylvania College in 1874, whereupon he 
went abroad to study under Wohler, probably at 
Sadtler’s suggestion. He finished his studies at the 
same time as his friends, W. F. Smith and Mears. His 
outstanding record as a teacher, administrator, in- 
vestigator, and, last but not least, as a historian of 
chemistry in America has already been given in THIS 
JOURNAL (12) and need not be repeated here. Some of 
his early student experiences have also been recorded 
(13). Dr. Smith has left a manuscript of 55 pages on 
“German university life,’ from which, by courtesy of 
Miss Eva V. Armstrong, curator of the Smith Memo- 
rial Collection, a number of excerpts are quoted. 

Speaking of the professors with whom he came in 
contact, Smith says: 


... ‘These men were usually reticent and extremely modest, 
and of my own professors I know none of whom this could be 
more truly said than of the renowned Wohler, whose labors not 
only overthrew the erroneous and prevalent views upon organic 
chemistry, but also gave us the elements silicon, boron, cerium, 
and last but not least in importance, aluminum. It was his 
custom in his chemical lectures invariably to preface the des- 
cription of the compound of a metal with a brief history of the 
isolation of the metal itself. But when describing the above 
elements he omitted their history. On such occasions, or when 
it was known that he was likely to speak of them, his large lecture 
room would be crowded to overflowing and at the mere mention 
of the name of one of the elements loud cheers were sent forth. 
Often the applause was so loud and continued that he was com- 
pelled to retire. The official title of this dear old gentleman was 
Herr Geheimer Obermedicinalrath Professor Doctor F. Wohler. 
Every student was acquainted with this fact and invariably tried 
to use it when addressing him but the recipient would dismiss it 
with a wave of the hand. He suffered no one to call him more 
than Herr Hofrath (Mr. Court Councillor). A more deeply 
interested painstaking instructor never lived. His great desire 
was that every student should thoroughly understand every step 
in his study of the elements. To us Americans he was especially 
gracious. Of all the eminent European scientists he was pre- 
eminently the favorite with our countrymen. On one occasion, 
during Christmas holidays, several of us called upon him as 
Director of the University Laboratory, begging permission to 
prosecute our work during the vacation. It was granted. Some 
German acquaintances hearing of what we were doing, took it for 
granted that they had the same privilege. When the Hofrath 
heard of their action he visited us and ordered them out. His 
excuse for permitting us to work and refusing them was ‘The 
Americans are our most diligent students: they have come 
thousands of miles for this special work; they are separated 
from those dear to them and for these reasons I favor them.’ 
That ended all controversy ....’’ ...“‘I devoted on an average 
eighteen hours per week in attendance upon lectures. The 
remainder of my time was occupied with practical work in the 
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different laboratories.... For more than two years I was in the 
laboratory at work by 6:30 a.m., taking dinner at one o’clock and 
continuing with practical work until 6:30 and 7 P.m..... " 

... ‘After I had completed my course of lectures and worked 
out an original investigation or ‘Arbeit’ I made application to 
present myself for examination. The first thing I did was to 
write my thesis . . . in the German language. The next thing 
was to write my autobiography or ‘Vita’ in Latin.... The 
request for an examination, the thesis, and the Vita were sent to 
the Dean of the Philosophical Faculty.... They were returned 
to me with a document announcing that I would be permitted 
to present myself for examination upon a certain day. The 
next thing was to procure a black full dress suit, swallowtail 
coat, andsilk hat. Clothed in these, wearing white kids and white 
necktie, I stepped forth to call upon the 26 members of my 
faculty and extend each a cordial invitation to be present at my 
examination. ... Two days subsequently at 6 p.m., I repaired 
to the house of the Dean, was ushered into a cosy waiting room 
and left to my own thoughts. Such an experience I never again 
desire. I only then realized into what a predicament I’d suffered 
myself to be led. I couldn’t recall anything of the subjects upon 
which I expected to be quizzed. At length a beadle announced 
the faculty assembled and ready toreceive me. I was arrayed in 
my dress of two days before. The beadle ushered me into the 
other room and announced: Herr Candidat Smith. While I 
stood, the Dean read me something to the effect that the ex- 
amination of my thesis, etc., had been satisfactory and that 
they were pleased . . . to proceed with the examination. I was 
told to be seated. ... I sat at one end of a long table. Ar- 
rayed on either side was the august Faculty—at the opposite 
end of the table the Dean, and upon the table, wines of various 
kinds and cakes. The gentleman to my immediate right began. 
Question followed question for three long hours. With eyes 
firmly riveted on the dial of an old-fashioned clock at the op- 
posite end of the room I answered to the best of my ability ‘in 
der deutschen Sprache.’ Once a kindly faced, aged professor 
moved a glass of wine and cakes towards me. I uttered thanks 
and continued answering. Finally, the several inquisitors de- 
clared themselves satisfied. I felt better, when up rose the 
Professor of Latin and observed that he had noted in the ‘Vita’ 
of the candidate frequent use of the accusative with the infini- 
tive—‘Why,’ he asked, ‘was this??’ For a moment I hesitated, 
then an early lesson suggested the reply.... No further interro- 
gations were put. That ended the first act. Monday morning 
at nine the play resumed. The examiners were other men. 
They found questions enough to hold me until one o’clock. 
Then I was permitted to retire for about a quarter of an hour. 
At the expiration of that time I was summoned before the entire 
august body and made happy by being told that I had been 
granted philosophische doctorwiirde. Congratulations followed. 
On my return to my room I discovered in my study a large fruit 
cake, iced over in colors—Vivat, crescat, floreat, Dr. E. F. S. 
This cake is something every doctor receives.... Next day I 
again donned the swallow tail and tie to pay my final respects to 
my faculty. All of them saw me and gave me Godspeed and 
good wishes. It was over. The ceaseless daily toil and nightly 
application were finished... .”’ 


John T. Stoddard (1852-1919) was another of the 
numerous Amherst delegation that was attracted to 
Gottingen by the fame of Wohler. Graduating from 
Amherst in 1874, Stoddard obtained his Ph.D. in 1877. 
He then returned to his native city of Northampton 
where he taught physics and mathematics at Smith 
College from 1878 to 1881, chemistry and physics from 
1881 to 1897, and chemistry from 1897 to 1919. 

Two noted agricultural chemists, viz., Babcock and 
Dabney, conclude the list of those who finished their 
degree work before Wohler’s retirement in 1880. 
Andrews, although a contemporary of both, did not 
make his Ph.D. until 1882. 
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Stephen Moulton Babcock (1843-1931), a native 
Yorker, graduated from Tufts College in 1866. After 
serving for two years (1875-77) as instructor at Cornell 
under professor Caldwell he studied two years under 
Wohler, obtaining his degree in 1879. Appointed 
chemist at the Agricultural Experiment Station at 
Geneva (New York) in 1882, he remained there six 
years. In 1888 he became professor of agricultural 
chemistry at the University of Wisconsin, combining 
this position with that of chief chemist and later 
director (in 1899) of the Agricultural Experiment 
Station until his retirement in 1913. 

Charles W. Dabney (1855- ), now living in 
Cincinnati, is probably the last surviving American 
pupil of Wohler. A graduate of the University of 
Virginia of the class of 1877, he went to Gottingen in 
the following year with a letter of introduction from 
his professor of chemistry, John W. Mallet. Here he 
worked for some months under Wohler’s direction, on 
the separation of the rare earths in gadolinite, gaining 
valuable experience which filled him with gratitude 
for the never-tiring efforts of the kind old hofrath to 
help his students. After some further study under 
Hofmann in Berlin, Dabney returned to Géottingen 
where he took up his thesis work under Hiibner, W6éh- 
ler’s immediate successor, and obtained his degree a 
few weeks after Wohler’s retirement, in August, 1880. 
On his return he became State chemist of the North 
Carolina Experiment Station. In 1887 followed his 


appointment as professor of agricultural chemistry and 


director of the Experiment Station of Tennessee. At 
the same time he occupied the presidency of the Uni- 
versity of Tennessee but relinquished these posts in 
1904 for the even more important administrative posi- 
tion as president of the University of Cincinnati, which 
he filled till his retirement in 1920. 

Launcelot W. Andrews (1856-1938), a graduate of 
Yale in the class of 1875, matriculated at the University 
of Géttingen in the fall of 1878, remained there for 
three consecutive terms, and obtained his Ph.D. in 
1882. He became professor of chemistry in the Col- 
lege of Pharmacy at the University of Iowa in 1885. 
He left this position in 1904 to become research chemist 
for the Mallinckrodt Chemical Works in St. Louis. 
In 1910 he resigned and founded the Andrews Chemical 
Works in Davenport (Iowa). 

Of the nongraduates of the 1870-80 period (F. Black- 
ington, A. Nette, H. M. Johnson, W. A. Talbot, W. 
Wheatley, F. F. Jewett, A. F. Taylor, T. Goff, H. 
Voorhes, J. A. Myers, L. Norton, and J. Marshall) 
only one stayed over three years while the others en- 
rolled for one or two semesters. Two of these, Jewett 
and Marshall, were active in the field of education. 

Frank Fanning Jewett (1844-1924), born in Newton 
Corner (Massachusetts), studied at Yale where he ob- 
tained his A.B. degree in 1870 and the degree of A.M. 
in 1873. He spent one year in Gottingen (1874-75), 
taught for three years in Japan (1877-80), and returned 
to America in. 1880, when he became professor of 
chemistry at Oberlin College. He retired in 1914 at 
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the age of 70. It was Jewett who urged his student 
Hall “to go after aluminum’ which, as every high- 
school boy knows, turned out to be a successful ven- 
ture. 

John Marshall (1855-1925), a native of Philadel- 
phia, obtained his M.D. degree at the University of 
Pennsylvania in 1878 and spent the summer semester of 
the following year in Géttingen. He specialized later 
in toxicology and taught chemistry in the Medical 
School of his Alma Mater from 1897 to 1925. 

Wohler’s retirement on his 80th birthday (July 31, 
1880) was made the occasion for a magnificent tribute 
from his friends, colleagues, and pupils. A large 
gold medal was presented to the old master. The 
necessary funds were secured from more than 300 sub- 
scribers in Europe and from 75 in America. It is 
interesting to note that among the American contri- 
butors there were a number of German Ph.D’s who 
had followed the example of Goessmann and established 
themselves on this side of the Atlantic (M. Alsberg, 
F. Engelhardt, A. Koegler, A. Springer, E. Waller, and 
A. Wendell). 

Dr. James Lewis Howe (Amherst 1880, Ph.D. 
Géttingen 1882) recently informed the writer that 
Wohler used to make occasional visits to the laboratory 
in the two years following his retirement, stopping at 
each desk to inquire what the student was doing. 

By the time Wohler retired, the reputation of 
Géttingen as a center of chemical research was so well 
founded that the flow of chemistry students from 
America continued in full swing for 30 years. The 
records (1) show that in these three decades 40, 36, 
and 32 students, respectively, registered in chemistry 
and among these were two future Nobel prize winners: 
T. W. Richards (1888-89) and Irving Langmuir 
(1903-06), besides several others whose names are 
familiar to American chemists. 

Wohler was always greatly interested in his American 
students, as can be seen from the letters which he 
wrote, over a period of 18 years (from 1858 to 1876) to 
his former pupil Goessmann. These letters have’ been 
translated into English and were first published in 1917 
(5). They are now made available to the readers of 
THIs JOURNAL through the courtesy of Prof. C. A. 
Peters of the Massachusetts College of Agriculture. 


LETTERS OF FRIEDRICH WOHLER 

Géttingen, 3 January, 1858 

Dear Doctor,— 2 
Your kind and interesting letter of December 3 reminds me 
that I have not yet answered your first one of June 26. There- 
fore. I must not delay any longer, though I must admit that I 
have nothing to say that is worth sending across the ocean. I 
thank you heartily for all your communications, which I have 
read with great interest, and which fully confirm the impressions 
I have received of life and conditions in the new world. I need 
not tell you that the news of your pleasant voyage and safe arri- 
val has pleased us more than anythingelse. Fora journey of that 
kind, compared with a journey from here to Fritzlar, must al- 
ways be considered a venture. It pleased me also to hear that 
your new sphere of activity meets your expectations. Still, 
owing to Eastwick’s promises and considering your own trust- 
worthiness and sense of honor, I never had any doubts about the 
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result. At all events you are to be congratulated on having 
made and carried out this resolution, for there is no doubt that 
a sojourn in America is going to have the greatest influence 
upon your whole future life, even though you do nothing more 
than endeavor to acquire the good qualities for which the Ameri- 
cans are noted, their perseverance, self-reliance, their spirit of 
enterprise—all qualities that so often fail in us Germans. And 
then, the opportunity to take a broader view of the world by 
studying men and conditions on a great scale. In particular, 
I congratulate you on your success in your new field, and having 
at this early stage improved upon the method of refining sugar. 
Not being familiar with the regulations governing patents, I am 
unable to judge of the merits of your process. I am inclined to 
think that it would be easier and more to your advantage to sell 
your process to individual factories. In this I shall do all in 
my power to assist you. First of all you might apply to Hurtzig. 

Respecting the new sugar plant, I have notified Kopp by 
sending him the main points of your letter, noting also that you 
intend sending the seed. Not until after reading your exhaustive 
monograph concerning this research can I judge of its adapta- 
bility for publication in the Amnalen. Meanwhile, I am in 
favour of it, provided it is not too detailed and technical. This 
matter seems to me to be of great importance, provided the plant 
can be raised in Germany and other countries. In the latter 
you will have the distinction of having introduced it into Ger- 
many. 

Here everything remains unchanged. Limpricht, Geuther, 
and Wicke send their greetings. Wicke has become professor 
extr., Limpricht and Boedeker assessors at the University 
Society. Deville was here again in the autumn. I am en- 
closing the results of our last researches. I presume you have 
seen in the Annalen the paper on the new silicium compounds by 
Buff and myself, as well as the experiments with titanium. De- 
ville and I have now succeeded in producing a nitrogen-silicium 
having the same behaviour as nitrogen. Probably you have 
heard of little Engelhardt’s departure for America as assistant 
to Professor Clark, who coaxed him over. 

Farewell. Best greetings to the Eastwicks and kindly re- 
member, 

Your 
WOHLER 


In case you have an opportunity to see Herr Booth at the mint, 
an old pupil of mine, give him my best greetings. I took care 
that he received my letter of thanks for the beautiful minerals, 
which you were kind enough to help unpack. Please also re- 
member me to Gillingham, Magee, and Garrigues. Be sure to 
ask the latter to procure for me a few more specimens of the 
beautiful graphite on quartz, of which he let me have a small 
piece, and also to tell me the locality they come from. The 
graphite without the quartz would be of little interest to me. 


WOHLER’sS LABORATORY IN GOESSMANN’S TIME 


‘ 
JOURNAL OF CHEMICAL Epucation 


It is especially important for me to have crystallized graphite, 
which is said to occur in North America. 
WOHLER. 
I am anxious to hear in your next letter whether the Messrs, 
Eastwick’s business remains unaffected by the great financial 
crisis. 


Géttingen, 9 March, 1858 
Dear Géssmann,— 

Permit me to recommend to you most particularly the bearer, 
Herr Stephani. He has been working in my laboratory this 
winter and I know him to be an excellent young man. He will 
tell you what brings him to America and also all that has hap. 
pened here. Kindly see that he has an opportunity to meet the 
Messrs. Eastwick, Booth, Garrigues, etc. I hope that you are 
doing well and that you have received my letter of January 3. 
Your preliminary communication on the sugar plant was long 
ago printed in the Annalen. My best greetings to the Messrs, 
Eastwick and other friends. Pardon the shortness of this letter, 
which I am obliged to write in a hurry, as Stephani is about to 
depart. 

In best friendship, 

Your 
WOHLER 


Géttingen, 31 Oct., 1858 
Dear Doctor,— 

I am ashamed of myself for not having answered ere this your 
kind and very interesting letter of August 1. I received it at 
Karlsruhe, where I had gone from Miinchen with Liebig in order 
to attend the meeting of Naturalists. It proved to be a brilliant 
success and was attended by nearly all the chemists of Germany. 
Kuhlmann from Lille, Despretz, Nicklés, Grandeau, Troost from 
Paris were there. From here besides myself were Limpricht and 
Wicke (also Dr. Spiegelberg and the troublesome Bialloblotzky). 

I have read with pleasure what you say about North America 
and its people, and also let Liebig read your letter. No doubt 
your views are quite correct, and I am especially pleased to have 
you express them, for it shows that you know how to adapt 
yourself to new conditions and take advantage of things intellec- 
tual and material. Apart from the fact that by accepting this 
position you have laid the foundation for a fine career within 
your sphere of activity, this sojourn will be of the greatest im- 
portance in moulding your future life. It would have interested 
me to hear of your relations with the Eastwicks, how they are 
progressing, and whether you are satisfied with the conditions. 
I suppose everything is favourable, since you have never said 
anything to the contrary. 

Doubtless you have long ago learned that your monograph 
on Sorghum has been printed in Henneberg’s Landwirthsch. 
Journal, and also received free copies as well as your honorarium 
for the same. I have read it with great interest, and have also 
forwarded a portion of the seeds to Bartling as well as to Dr. 
Henneberg. The latter has sown them on a piece of land at 
Weende and the plants are thriving. Yesterday he sent several 
specimens to the laboratory, where Dr. Schwanert is going to 
ascertain the amount of sugar they contain. Seeds have also 
been sent to Henneberg by the Ministerium for experiment. 
Much attention is being paid to this plant in Germany and France 
(I believe in Italy, too). Your consignment of seeds and sugar 
has also reached me, for which accept my heartiest thanks. I 
have added the little specimens of sugar to the laboratory collec- 
tion as a present from you, and turned over the beautiful sugar- 
loaf to my wife. She could not be persuaded to open the latter 
until recently, when she was out of sugar. We then had an 
opportunity to admire its beauty and quality when drinking our 
coffee, at the same time remembering you gratefully. Geuther 
secured some seeds for Schleiden: a part of them I kept to 
plant, the remainder were given to Bartling for our Botanical 
Garden, and to v. Martius, for the Botanical Garden at Miinchen. 
I hope that at least part of the lot will thrive well at one or the 
other place. 

I was glad to hear that Stephani had arrived and had made your 
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acquaintance. Give him my best greetings. Dr. Bode of Cassel, 
who could not find a position here, finally left for America on an 
uncertainty and is, I believe, in Cincinnati. We have not heard 
anything for a long time from Engelhardt who, as you know, 
went to America with Prof. Clark. You also write nothing con- 
cerning Garrigues, Gillingham, Pugh, Joy, and the others who 
were here. Has not the latter become a professor in New York? 
Have you ever made the acquaintance of Mr. Booth, my first 
American pupil? All this interests me very much. There are 
now only three Americans working in the laboratory, Messrs. 
Harris, Little, and Stewart, besides two Englishmen. I have 
accepted only 22 laboratory students this semester, transferring 
half a dozen to Limpricht in order to avoid the rush in winter. 
Dr. Guether still has your position, employing Fabian as an 
assistant. Limpricht has for assistants Dr. Schwanert, Dr. v. 
Uslar, and Dr. Fittig. I have transferred the 6-hour Practicum 
to the old hospital, where Dr. v. Uslar resides. This is of great 
advantage as long as we have no new laboratory. It is still 
uncertain whether we are to have a new building, as the govern- 
ment has granted only 27,000 thir., instead of the 38,000 thir. 
it will cost according to the plans submitted. In order to de- 
sign a laboratory which shall be unsurpassed, I have sent Lim- 
pricht and the architect Déltz to Wiesbaden, Heidelberg, Stutt- 
gart, Karlsruhe, and Miinchen, in order to inspect and study 
the details of all the laboratories in those places. The agricul- 
tural laboratory under Wicke is well attended, whereas Boedeker 
isnot popular with the medical students. 

I suppose you have an opportunity to read the Annalen, so 
I need not report anything concerning new work. Perhaps you 
have already received the July number, and know that the re- 
markable silicium-hydrogen gas may now be prepared chemi- 
cally in the same manner as phosphorus-hydrogen gas. At 
present, I am again experimenting with nitrogen-silicium. 

Nothing has occurred here that is worth mentioning. A few 
have died (but no professors—Oesterley, v. Bobers); others are 
engaged, ¢. g., Fraulein Augusta Baum. I myself have become a 
grandfather for the second time. All the members of my family 
are very well, my three oldest daughters having accompanied me 
on my last journey to the beautiful Bavarian mountains. I have 
just now spoken to Geuther, who sends his best greetings. He 


does not know what became of the honorarium for your mono- . 


graph. He will attend to the matter and have the money sent 
to your brother, if he has not already received it. Farewell. 
Remember me to the Eastwicks and to all the friends, and let 
me hear from you very soon. When you see Mr. Booth, tell 
him that a little more osmium-iridium, in which he is so rich, 
would be very welcome to me. No doubt an opportunity will 
present itself so it can be sent here. 
Cordially your 
WOHLER 


Gottingen, 12 March, 1860 
Dear Géssmann,— 

First of all, my hearty thanks for your very full and interesting 
letter of January 24, for the pieces of graphite and the extra- 
ordinarily fine photographs, all of which have made thea long 
voyage successfully and reached me safely. It is a great satis- 
faction to know that one is not being forgotten by old pupils 
and friends, and to receive from them so many tokens of attach- 
ment, and that you are one of them. 

It gives me peculiar pleasure also to know that all goes well 
with you, that you are contented in your interesting surroundings 
and that you have so many opportunities to see great and re- 
markable things, to know the world and to gather experiences 
which will be of the greatest advantage to you in the future... . 
It is striking what an array of new impressions one may receive 
in America of which we in old, used-up Europe have no con- 
ception. The contents of your letter, as well as its minuteness 
of detail, proved that you do not think ill of me because I did 
not write you for such an unpardonably long time, Indeed, it 
shames me to confess that my last letter was dated 31 October, 
1858—if I am not mistaken. The news you sent concerning the 
former Géttingen Americans gave me much pleasure, and also 
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that you have acted as protector to little Engelhardt, thus prob- 
ably laying the foundation for his advancement. Only one have 
you forgotten to mention—Professor Joy of New York, who with 
his beautiful wife visited us last summer, though we have not had 
a word from him since. I should be obliged if you would write 
him a few lines in my name, asking whether he has received the 
diploma of the Leopold Academy and the silver mirror from 
Liebig, both having been forwarded at the time to Rinteln ac- 
cording to his directions. I hope he will overcome his dilatoriness 
and write me himself. 

As you have probably seen the Annalen, and therefore know 
already, I shall write nothing about chemical news from our labor- 
atory, except that there is much work being done and that it is 
well attended. I am aware that you have not yet received this 
year’s March issue. At present I am having Niemann make an 
investigation of the famous Coca (Erythroxylon coca of Peru) and, 
as far as we have ascertained, it very probably contains an 
organic base which may be crystallized and which resembles 
atropin. We have christened it Cocaine. I have received 25 
Ib. of coca from Vienna, originally from the Novara’s tour round 
the world. Probably you are familiar with the new, easy method 
of producing violet chromium chloride, and know that by melting 
the same with zinc, metallic chromium in microscopic crystals 
may easily be obtained. 

I do not know whether I have written you that we are going to 
have a new laboratory here which will, I hope, in construction 
and equipment surpass all other laboratories. 38,000 thir. 
have been granted therefor, it is already under roof, and the 
finishing of the interior is so far advanced that it will be ready for 
use next autumn. There will be room for all Practica except 
those of Wicke and Boedeker. 

The old laboratory, which will form part of the new wing, is 
being remodeled and made to harmonize with the rest of the 
tremendous building by having two high and many small chim- 
neys. Limpricht, whom I sent with the architect Déltz to 
inspect all modern laboratories in Germany, has the distinction 
of planning all the details of the building and the interior equip- 
ment. I am sorry to say that he is now going away from here, 
having received a call to Greifswald as ordinarius with a salary 
of 1200 thlr. He has also been entrusted with the erection of 
a new laboratory, a task that will now be easy for him to perform. 


WOHLER’S NEw LABORATORY 





168 


I could not keep him here longer, although he was appointed 
ordinarius with a salary of 800 thir. 

I have taken advantage of this occasion to reorganize the 
laboratory staff. I am conducting the daily Practicum, assisted 
by Dr. Beilstein. Geuther and v. Uslar both have charge of the 
24-hour Practicum, Dr. Fittig of the 6-hour Practicum. All 
laboratory students have to report to me and are to pay all my 
fees to the Qudstur. But the assistants receive from me, in 
addition to an increase of their fixed salaries, a certain share of 
the fees. 

You probably know already that our good old Hausmann has 
died, after long suffering, at the age of 76. S. v. Waltershausen 
has taken his place. Moreover, a young man is to be called— 
not expensive but excellent—as a specialist in geognosy and 
palaeontology. Hausmann’s beautiful and complete collection 
(oryctogen. geognost. petrif. technical, metallurgical, anti- 
quarian) is to be sold. You would do the heirs a great favour 
by finding a trustworthy purchaser. Be sure to let Professor 
Joy know of this, as perhaps the complete collection would be 
welcomed in one of your institutions of learning. They ask 
6000 thir., I believe, but they may be willing to take less. Be 
sure not to forget this matter. 

Good old Berthold is dying, and old Conradi has become so 
infirm that before long he may follow Hausmann. You have 
probably known for some time that our celebrated mathemati- 
cian, Dirichlet, is dead. Riemann has been made ordinarius 
and member of the Society of Sciences—a prodigious mathemati- 
cal head. I have been asked to succeed Hausmann as Per- 
manent Secretary of the Society. Wagner’s disease of the 
chest has led him to be placed on the half-retired list, and con- 
sequently Professor Meissner, one of our former pupils, has been 
called as professor of physiology. As a result, the rooms in the 
Physiological Institute have become so crowded that Boedeker 
was obliged to transfer his labuiatory to the old hospital. As 
compensation for swallowing the disagreeable pill, he received 
an increase of salary of 200 thir. 
for him the work of preparing a new edition of Berzelius’ 
“‘Chemie,’”’ and for Dr. Geuther a new edition of Otto-Graham’s 
“‘Chemie.’’ Hanssen has received a call to Berlin and, I am 
sorry to say, has accepted it. His daughter is engaged to a 
Prussian officer, and so is Baum’s oldest daughter. Both 
officers were aides to counts and princes studying here. 
am through gossiping. 

Farewell, dear Géssmann, and delight me with more news from 
you very soon. Best greetings from my family as well as 
from Limpricht, Wicke, and Geuther. Remember me to the 
Eastwicks and all the old Géttinger. There are now only three 
Americans in the laboratory—Stewart, Parkman, and Hart. 
Whenever you can get hold of some genuine graphite and other 
minerals, please remember me. My greetings to Booth also. 

In best friendship, 

Your 
W6OHLER 


Gottingen, 24 Febr., 1863 
Dear Gissmann,— 

To-day only a few lines acknowledging the receipt of your 
letter and to thank you for the interesting communications. 
The latter I forwarded at once to Oberbergrath Schwarzenberg 
in Cassel, begging him to comply with your request in regard 
to the conditions governing the salt manufacturing industry. 
I did not receive an answer until yesterday (without your letter). 
He has taken the necessary steps at mining headquarters and 
has been assured of a reply, which, however, has not yet been 
received, as delays are not unusual there. As soon as I receive 
the papers, I shall send them to you and write more fully. 

I congratulate you heartily on your marriage and am glad 
that you are succeeding so well. Nevertheless, I have, when 
asked about it, proposed you as professor of technical chemistry 
at the newly established Polytechnic School at Braunschweig, 
and I know that they are thinking of you seriously. But do not 
depend too much upon it, as a decision may not be reached for a 


Moreover, I have obtained - 
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year. In the meantime Dr. Seyfert is delivering lectures. 

Geuther has received a call to Jena to succeed Lehmann, and 
has accepted. Although I was unwilling to lose him, nevertheless 
it was I who proposed him, when asked by the Curatorium, 
More next time. 

In best friendship, 

Your 
WOHLER 


Géttingen, 4 March, 1863 
Dear Géssmann,— 

I hope that you have received through Professor Joy my note 
of February 24. I have finally obtained from the mining head- 
quarters in Cassel the information concerning the Attendorf 
Salt Works, and send it to you with the hope that it will meet your 
expectations. 

I had intended to write you more fully on this occasion, but I 
am so preoccupied just now that I have to be sparing of my time. 
And yet I should be sorry to delay longer any change in your 
affairs expected by you. But I shall write you shortly, although, 
as you very well know, the monotony of our life here affords little 
occasion to report anything new. I shall then give you first 
of all a detailed description of our splendid new laboratory, which, 
to be sure, cost 40,000 thir. but is, in my opinion, better arranged 
than any other. There is plenty of room to provide comfortably 
for at least 80 laboratory students. 

Let me call your attention to another thing. Does not sea- 
water mother liquor contain chloride of potassium?—now s0 
highly valued, because with Chile saltpetre it may be easily 
changed into nitrate of potash. 

I asked you to pardon this short letter. Write me very soon, 
for every one of your letters gives me pleasure. I should also 
like to know whether my consignment through your brother 
has been delivered to you promptly. 

Cordially your 
WOHLER 


Géttingen, 10 Jan., 1866 
Dear Géssmann,— 

I have not heard from you for a long time. But it is my fault, 
for I believe I owe you an answer to your last letter. You have 
perhaps heard from Prof. Joy how I am and that all goes well 
with me. To-day only a few lines and these in great haste. 

A former pupil of mine, Herr Meinhard Alsberg, later assistant 
to Geuther in Jena, wishes me to commend him to you, as he 
believes that you would have an influential voice in obtaining 
for him an appointment as assistant in chemistry at a technical 
school in Philadelphia. He is at present in Philadelphia and 
intends to apply for the position. So far as I know him, I can 
strongly recommend him. Moreover, he has already recom- 
mended himself through several good investigations, the results 
of which have been published in the Annalen. 

This is all I have tosay. I hope all goes well with you. When 
you write me again, kindly send me your photograph and your 
wife’s. 

In-old friendship, 

Your 
WOHLER 


Gottingen, 1 August, 1866 
Dear Géssmann,— 

I am reproaching myself for having left your kind letter of 
April 14 unanswered for such an unpardonably long time. Be 
indulgent with me and be assured that it has given me great 
joy, for it is always a satisfaction to me to receive such proofs 
of true attachment from my old pupils, especially when they are 
accompanied by news of their prosperity, as in your case. 

It has been a great pleasure to me to receive the photographs 
of yourself and your wife, thus enriching my collection of pic- 
tures of those dear to me. Accept my sincere thanks for them. 
All the members of my family, who remember you very well, 
have also been interested to see how you look now, and are glad 
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to have made your wife’s acquaintance, at least through the 
picture; likewise Frau and Fraulein Kreuzhagen, to whom I 
had to show the pictures. I may here remark that the latter 
(Anna) is to marry a German physician in London, who formerly 
studied here. 

I must thank you too for your various publications, which I 
leave to others to read and report to me, not being myself familiar 


n, and 
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= enough with the English language. I am glad to hear that 
you are contented with your position, and hope and trust that 
, 1863 you are making yourself indispensable to the company, that 
your future is assured, unless another sphere of usefulness may 
; note FF be open to you in the meanwhile, which might be more congenial 
head. Fe, you and offer still greater pecuniary advantages. 
ndorf To judge by a few utterances in your letter, you are still having 
‘your Fan eye to teaching, although you seem to be aware that it is 
difficult for a foreigner to obtain such a position. Here in Ger- 
but I many there is great demand for such places. I could not hold 
time. BF out any prospects for you at this moment. 
urd While admitting that I am unfamiliar with conditions in 
ough, BF America, it surprised me that your company, which produces 
little such a colossal amount of salt, does not start a subsidiary busi- 
first ness, €. g., a soda factory or a manufactory utilizing the in- 
hich, gredients of the mother liquor. Yet I am aware you have al- 
nged ready thought of this yourself and have your reasons for its 
‘ably FF impracticability. 

I rejoice to hear of your domestic happiness and your father- 
sa hood. When I think that I studied with your father at Marburg 
W SO F and that now his son tells me of his children, I realize from this 
asily Band many other things how old I am. Yesterday I celebrated 

my 66th birthday, and “‘unser Leben wahret 70 Jahr und wenn es 
000, FF hoch kommt 80.” Moreover, I am feeling well and can attend 
also BF to my duties as I have always done. But I cannot attend to the 
ther FF <pecial functions of the strenuous Practicum as well as formerly, 

as every semester 70 or 80 workers use up a quantity of material 
and tools. Therefore I must leave the principal details to my 
R four assistants (Professor v. Uslar, Professor Beilstein, Dr. 

Fittig, and Dr. Hiibner), and it works quite well. Besides, I 
866 have a special assistant to help me in my lectures. 

You would find here many things changed and many quite 
ult, new. Besides the large new laboratory there are fine new con- 
lave servatories in the Botanical Garden, and a new, large, very stately 
well hall which cost nearly 100,000 thir. Adjoining the conserva- 

tory a new residence has been built for the director. The en- 
ant largement of the library is also being considered, but owing to the 
he sad war now prevailing this project will not be carried out. Of 
ing the latter conditions I shall write nothing, they being known to 
ical you through the newspapers. 
and Last month when the king with the whole Hanoverian army 
can and all the munitions of war took refuge here, we were living in 
m- a wild, great military camp, daily fearing the outbreak of a battle 
ilts in our immediate neighbourhood. After the departure of our 
army Géttingen was occupied by the Prussians. Then came the 
len disastrous battle of Langensalza, followed by the capitulation of 
ur ourarmy. The Prussians have also been victorious in the south, 
where they occupy all of Hesse, Nassau, Darmstadt, Frankfurt, 
and a great part of Bavaria. Their troops are already near or 
in Wiirzburg. At present there is an armistice. It is said that 
all of Hanover, the Electorate of Hesse, and Nassau will be 
annexed to Prussia. But enough of these painful events. 
66 Hofmann’s report of the Exhibition of 1862 has been ready for 
you for a long time. It affords me pleasure to give you this 
of fine copy, which I have received as a gift from Hofmann himself 
Be (with a dedication in his own hand). But it is useless to me, 





since I do not understand enough English. Now I shall not 
wait any longer for an opportunity to send it to you, but will do 
so through Dr. Fliigel of Leipzig, commissioner of the Smithson- 
lan Institution. I ought to have done it long ago. Farewell 
now, dear Doctor. My best remembrances to your wife, and 
have always a kindly feeling for, 

Your truly devoted, 









W6OHLER 
My wife and three daughters (the fourth is on a visit at Hanau, 
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the fifth is married in Hanover) send their best greetings and are 
glad that you still remember them... . 


Géttingen, 17 Dec., 1868 
Dear Géssmann,— 

My best thanks for your letter, which was handed to me by 
Herr Darmstadt, who is now working diligently in our labora- 
tory—at present on boron-nitrogen. .. . 

Here everything is going its old course, with some modifica- 
tions, since we are Prussians. Probably your family have told 
you of the calamity caused here and also in Fritzlar by the recent 
terrific storm. During the mass the roof of the cathedral fell in, 
killing 22 persons, mostly women. Here, too, houses were un- 
roofed, chimneys thrown down, and a great number of the most 
beautiful old trees were uprooted. Our public squares are in an 
especially sad condition. 

Please remember me to your wife. 

In best friendship, 
Your WOHLER 


I congratulate you on the position in Massachusetts, upon 
which you are going to enter after New Year. 


Géttingen, 11 Aug., 1869 
Dear Géssmann,— 

Only a few lines to ask your indulgence for not answering your 
letter of May 17 of last year, which was delivered to me by Herr 
Darmstadt. Moreover, this gentleman, who was working very 
diligently in my laboratory and has since received his degree, 
has no doubt told you of his success and how things are here. 
He has now become a brewer, and is going to be married or has 
already doneso. He isan excellent fellow and made a favourable 
impression on me. 

First of all let me heartily congratulate you on your new posi- 
tion. I am delighted that you are having such a successful 
career in America. You are truly to be envied for having seen 
so much of the world, and had such great and varied experi- 
ences beyond the sea. May you continue to prosper.... 

The bearer of this is Dr. Storrs from Amherst, whom I can 
recommend most particularly to your favour. For two years he 
has been studying chemistry here and now hopes to find a desir- 
able position, if it be only as an assistant. Perhaps you can do 
something for him. 

In best friendship, 

Your 
WO6HLER 


Géttingen, 23 Nov., 1875 
Dear Géssmann,— 7; 

... I hope all continues to go well with you. For a long time 
I have heard nothing from you. Here things are going on well 
and we are trying to be good Prussians. Last semester the 
University was attended by 1080, the present one, by a little over 
1000. The laboratory attendance is so great that there is scarcely 
room left, and an enlargement is being considered. I am now 76 
years old, and no longer concern myself with the details of in- 
struction and gave up lecturing some time ago. I have only the 
general direction of the Institute. Hiibner is now the principal 
one lecturing, having been proposed by me, and appointed pro- 
fessor ordinarius and assistant director of the Institute. V. 
Uslar is head of the pharmaceutical division. I have in all six 
assistants, every one of them indispensable. Probably you have 
heard that Fittig, my former assistant whom you remember well, 
has become professor at Tiibingen. He has now received and 
accepted a call to Strassburg to succeed Baeyer, who has been 
called to Miinchen as Liebig’s successor. 

My family are well. My eldest daughter is married to Burgo- 
meister Merkel of this place, has four daughters, the oldest of 
which is engaged to a physician, so that I have good prospects 
of becoming a great-grandfather. My youngest daughter is 
married in London, and has three children. My son, who is an 
economist at Rédelheim near Frankfurt, lately rejoiced in the birth 
of a daughter, after the marriage had been without issue for 16 
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years. 
likely to remain so. 
A few days ago our botanist Bartling died, 77 years old. 
Farewell. 
least I possess a photograph, and kindly remember, 
Your truly devoted, 
WO6OHLER 


Géttingen, 25 February, 1876 


Dear Colleague Géssmann,— 


A thousand thanks for your exhaustive, interesting letter, the 
extraordinarily beautiful photographs, and the money for the 


Kornrumpfs. 

While I was reading in the first the sketch of your varied life in 
America, I thought of the remarkable occurrences in this world, 
how I could not foresee 55 years ago, when I began my studies at 
Marburg, that my fellow-student Géssmann from Fritzlar, who 
played the flute so well and serenaded the belles of Marburg so 
often, while I held the lantern, should one day have a son, who 
would become one of my dearest pupils, and that the latter would 
now be living in America, for 19 years, in full activity and laying 
the foundation for a most happy existence. You can imagine 
how interesting it was to me to have such a vivid picture of your 
family. The same is true of the picture of Clark, to whom please 
express my hearty thanks. I consider him also as one of my most 
lovable pupils, especially since he and poor Manrosz were the 
first Americans who worked under me here. Only one had been 
here earlier, Mr. Booth, now in Philadelphia; but at that time 
I was still at Cassel. One of the half dozen Americans, who are 
working again in the laboratory this winter, says he heard of 
Clark’s going to Japan... . 

Now I have been interrupted by visitors waiting to see me, 
and it is high time for this letter to be posted, so that it shall arrive 
in due season to-morrow for the steamer at Bremen. Farewell. 


My other three daughters are still single and are very 


Greetings from me to your dear wife, of whom at 
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Remember me to your wife and greet all who remember me, in. 
cluding Professor Shepard. 
In best friendship, 
Your 
W6HLER 


Perhaps an opportunity will occur to you to have a translation 
of the enclosed announcement printed in an American mathems. 
tical journal or newspaper. If not, then send it to the leading 
bookseller in New York. 


The author gratefully acknowledges his indebtedness 
for valuable information received, to Drs. E. K. 
Bacon, C. A. Browne, Chas. W. Dabney, James Lewis 
Howe, Brainerd Mears, Mrs. Margaret R. Emerson, 
and, last but not least, to Miss Eva V. Armstrong 
without whose untiring efforts to secure source material 
this article could not have been written. 
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Whati Been Going Ou 


OILED yeast contains nearly three times as much as- 
similable thiamin as does ordinary yeast. 

The Caucasians in the U. S. A. have a health and vigor index 
of 93 compared to that of New Zealand at 100. 

Early models of Diesel engines weighed as much as 100 pounds 
per horsepower, whereas one of the newest models weighs only 
1.8 pounds per horsepower. 

One hundred pounds of scrap fats and oils will yield enough 
glycerin to make enough dynamite to blast 1500 tons of soft 
coal. 

The annual production of TNT in the United States is of the 
order of 3,000,000,000 pounds. 

Supersonic waves are used to detect flaws in tires by trans- 
mitting them through water against the sides of a tire which is 
rolled slowly along a trough of water. 

Workers at the University of Oklahoma have succeeded in 
isolating a natural dye from the root bark of the sassafras tree. 
Colors obtained from it are grays, browns, and tans. 

Goodyear Tire and Rubber Company has developed a process 
for the production of synthetic sponge rubber. Sponge rubber 
made from Koroseal is also available from B. F. Goodrich 
Company. 

It is reported that nine factories in Germany in 1939 were 
producing over 100,000 tons of raw sugar from wood. Numerous 


plants have been built since then in Germany and in the occupied 
territories. 

Hundreds of millions of cubic feet of lumber are treated an- 
nually by chemical processes to combat the destructive forces 
of nature. This is the chemist’s method of reforestation. 

D. F. G. Swann has calculated that the positive and negative 
charges in a cubic inch of iron, if separated and placed at points 
one inch apart, would exert a force of more than one hundred 
million million million tons. 

As a consequence of the tremendous aluminum production, 
the postwar automobiles may be as much as 1500 pounds lighter 
than at present, which reminds the writer of a prediction by 
De Palma, the race magnate, some 12 years ago, that the next 
major advance in automotive engineering would be a marked re- 
duction in the weight of the car. 

Colloidal silver sulfonamides, which are effective and non- 
irritating in treating diseases of the eye, nose, and throat, have 
been produced from sulfanilamide, sulfathiazole, and sulfadia- 
zine by Dr. Milton Wruble of the Upjohn Laboratories. 


\\ Deficiency of folic acid, a newcomer to the B-complex group, 


may be the cause of white blood cell anemia, which is frequently 
an aftermath of the use of sulfa drugs. 


Ep. F. DEGERING 
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Simplified Laboratory Apparatus 
for Vapor Phase Catalytic Studies 


RAY WENDLAND 
Middlebury College, Middlebury, Vermont 


simplicity of control have made continuous acting 
chemical processes both scientifically and economically 
advantageous. The very extensive change-over in in- 
dustry from the old style batch processing of material to 
= that of continuous operation has been rewarded with 
consistently superior results throughout. 
Catalysis of chemical reactions in the vapor phase is 
a transformation lending itself readily to continuous 
operation. Illustrations are numerous, especially in 
petroleum chemistry where catalytic cracking (1, 8, 15), 
polymerization (10, 11), alkylation (16, 19, 22), de- 
hydrogenation (5, 6), and cyclization (7, 9), are now 
= practiced widely. Also common are many catalytic 
processes for oxidation—as naphthalene to phthalic an- 
hydride (4, 20), and alcohols or aldehydes to acids 
| (13, 14), hydrogenation—as the now familiar ammonia 
synthesis (17), and hydrocarbon (2, 3), and methanol 
| syntheses (18, 23) from hydrogen and carbon monoxide, 
and dehydrations—as in the conversion of alcohols to 
olefins (12). 
In the above processes the essential procedure em- 
_ braces four operations: (1) the controlled introduction 
of the reactants into the catalytic apparatus; (2) heat- 
ing and vaporization of liquid 
reactants to bring them to the 
desired reaction temperature; 
(3) passage of the reactants 
through the catalyst zone, or 
similar means of bringing about 
intimate contact of reactants 
and catalyst to promote the 
desired reaction; and (4) cooling 
and collection of the products 
including gaseous constituents. 
To these may be added a fifth 
operation, that of periodic re- 
generation of the catalyst due 
toaccumulation of carbon, resin- 
ous sludges, poisons, etc. 

For the reaction itself two 
basic techniques are possible: 
‘o maintain the catalyst (in the 
form of pellets or granules) in a 
fixed position in a suitable re- 
action tube and introduce the 
vaporized preheated reactants 
into the catalyst zone, or to 
charge the catalyst as a fine 
powder (or in homogenized sus- 


U* IFORMITY of operating conditions and relative 





pension) with the reactants into the reaction vessel, 
recover the catalyst after the reaction, and recharge 
it continuously with fresh stock. In each case the 
reactants remain in contact with the catalyst at a pre- 
determined temperature for a predetermined period 
(contact time). 

The method of introducing the catalyst with the 
charging stock, the so-called fluid catalyst process (15) 
is the most recent development in vapor phase cataly- 
sis. Despite the increased -engineering complica- 
tions involved, certain functional advantages are re- 
alized which are not possible with the fixed catalyst 
bed reactors. One of these is that the process can be 
operated practically indefinitely, for when regeneration 
of the catalyst is necessary the operation can be accom- 
plished simply by diverting the used catalyst into a 
regeneration apparatus, while fresh catalyst is intro- 
duced to keep the principal reaction going without in- 
terruption. 

The laboratory forerunners of the large industrial 
vapor phase processes have been of varied design and 
construction depending on the degree of control de- 
sired for the principal reaction variables. The basic 
requirements are a furnace or furnaces to vaporize and 
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preheat the charging stock, and to maintain a catalyst 
bed or reaction zone at the proper temperature. 
Pumps must be devised for charging the reaction ma- 
terial into the preheaters at a constant and measured 
rate, pressure-regulating devices must be set if the re- 
action occurs at either elevated or reduced pressures, 
and arrangements made for quantitative collection of 
the products, including gaseous constituents. In ad- 
dition provision must be made for periodic regeneration 
of the catalyst if this is required to preserve it at normal 
activity. 

The variety and complexity of controls necessary for 
maintenance of uniform operating conditions will de- 
pend largely on the nature of the materials involved 
and the kind of reaction taking place. The most im- 
portant functional factors involved are: (1) the heat re- 
quired to vaporize the charging stock and raise it to the 
reaction temperature; (2) the quantity of heat evolved 
or absorbed by the catalytic reaction; and (3) reaction 
rates involving the problem of maximum yield of the 
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desired product. Generally, pyrolysis (cracking), de- 
hydrogenation, and intramolecular dehydration will 
require considerable amounts of heat, whereas oxida- 
tions of course may generate large amounts of heat 
requiring first a preliminary heating of the catalyst zone 
to start the reaction, followed afterward by considerable 
cooling, lest the reaction get out of control at exces- 
sively high temperatures. 

Because of the adaptability of vapor phase catalytic 
processes to a large variety of chemical transformations, 
simplified laboratory equipment for such catalytic 
studies should be a valuable tool, both for instructional 
and research purposes. Its absence from many college 
and research laboratories may be attributed to an errone- 
ous assumption that a great deal of specialized equipment 
is necessary or that the operational technique is unduly 
complicated. A little experience will show that such is 
not really the case. In the section following is de- 
scribed workable apparatus that can be constructed and 
operated with a minimum outlay of expense and labor. 


APPARATUS FOR VAPOR PHASE CATALYSIS 


The main component of the apparatus described is a 
three-section electrically heated combustion furnace of 
the Liebig type, familiar to analysts for carbon-hydro- 
gen determinations. This is mounted vertically as 
shown in the photograph of Figure 1 and the diagram of 
Figure 2. The apparatus for pumping in the charging 
stock is shown in Figure 3. 

The furnace is conveniently supported on vertical 
ring stand rods by means of Fisher swivel clamps 
fastened to the side rails of the furnace. Two extra 
rods are fastened to the back of the furnace, so that al- 
together the entire weight of the apparatus is carried by 
four vertical rods. These are held in fixed positions 
by tie rods making the whole a compact sturdy assembly. 

A long pyrex (or stainless steel) tube, 25 mm. I. D., 
constitutes the reaction vessel. This extends through 
the annular space of the furnace, and is heated in sec- 
tions by the three heaters. A glass liner in the bottom 
of the tube acts as a support for the layers of materials 
held above. The catalyst is best placed in that zone 
of the lowest heater which has the most nearly constant 
temperature throughout. Above the catalyst the re- 
mainder of the tube is filled with inert material, such 
as pyrex beads or quartz chips which act merely as heat 
exchangers for vaporization and preheating of the re- 
actants. A pyrex or stainless steel tube (5 mm. I. D.) 
sealed at the bottom end runs through the length of the 
reaction zone, reaching to the bottom of the catalyst 
bed. This serves as a well carrying the thermocouple 
wires by which temperatures at any point may be 
quickly determined. The wires are led off to a student 
type potentiometer which can be calibrated in degrees 
centigrade, the e. m. f. values derived from the thermo- 
couple depending on the particular combination of 
metals. Numerous standard combinations are avail- 
able for which e. m. f.-temperature values are know?. 
The copper-constantan or iron-constantan couples are 
well suited to the range of 100° to 600°C. Reaction 
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temperatures should never 
exceed 600 degrees when 
pyrex tubes are used, lest 
softening and buckling de- 
velop. Heat control is readily 
effected by means of the rheo- 
stats built into the furnace 
and controlling the three 
heaters. 

A liquid input line and gas 
inlet connect to the top of the 
reaction tube. The products 
from the catalyst zone run 
into a filter flask, to the side 
of which is connected a con- 
denser. Not shown are the 
fog condensation flask and 
gas collector for sampling the 
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| gaseous product. The excess 

gas is vented to a hood. In 
catalytic cracking particu- 
larly, the amount of product 
formed as a difficultly con- 
densable fog may be appre- 
» ciable. Successful condensa- 
» tion has usually been ef- 

fected by bubbling the gas through layers of heavy oils. 

A special problem has always existed in the labora- 
tory when measured amounts of liquids have had to be 
pumped at a slow and constant rate. This constant 
rate of charging of reactants into the vapor phase ap- 
paratus is absolutely essential if the catalytic process is 
to yield consistent and predictable results. The litera- 
ture has frequently described complex and cumbersome 
pumping systems for liquids. The problem has been 
solved simply in the present case by the apparatus 
shown in Figure 3. The pumping unit is a medical 
type hypodermic syringe. That employed was the 
Becton-Dickinson Yale Luer Lock syringe of 10-cc. 
capacity. This is a high-grade instrument calibrated in 
tenths of cubic centimeters, and fitted with a precision 
ground glass plunger. 

The syringe plunger is motivated by a drive rod oper- 
ating a sliding shaft. This in turn straightens out any 
lateral motion from the drive shaft because of the fixed 
position of the heavy glass guide tube in which it moves. 
The sliding shaft is enclosed in a piece of rubber tubing 
which makes a snug contact with the inner surface of 
the guide tube, this being lubricated with glycerol. 
The plunger, sliding shaft, and drive shaft are joined by 
heavy-walled rubber tubing wired tightly to the glass 
stems. Small rubber discs between the pieces prevent 
direct glass-to-glass contact. 

The drive shaft is motivated by a drive wheel bearing 
an eccentric connector so that any desired length of 
stroke can be obtained. A variety of driving mech- 
anisms will suggest themselves to the reader. That 
employed here was a phonograph turntable mechanism 
with its electric motor. The turntable shaft can be 
connected to several drive wheels to operate any num- 
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ber of pumps required. In the present instance two 
syringe pumps working in parallel were employed, so 
that when one piston was delivering a quantity of 
liquid, the other was drawing in a charge so that a 
steady stream of liquid was forced into the vapor phase 
apparatus. 

In this connection it is seen that a wide range of 
pumping rates is possible, for with each pair of syringes 
of 10-cc. capacity rates of practically zero to 20 cc. per 
cycle can be obtained. Furthermore, the flow of liquid 
is steady so that no equalizers are needed [compare for 
instance Tropsch and Mattox (21)]. The only adjust- 
ment required is that of the length of stroke produced 
by the driving mechanism. This is instantly measur- 
able in terms of the calibrations on the syringes. 

Liquid flow is controlled by the check valve system 
shown. This consists simply of a series of closures 
made of stainless steel ball bearings which fit into the 
ground depressions of the valve seats. These are con- 
veniently made of capillary glass tubing (1.5-mm. 
diam.) flared out on one end and sealed inside the 
larger tube which conveys the stream of liquid. A 
graduate cylinder of 250- or 500-cc. capacity serves as 
the reservoir for the charging stock. 

The hose connections for the various pieces of ap- 
paratus are necessarily subject to the solvent action of 
the contained liquid, and should be kept as short as 
possible. For a wide variety of liquids, except chlorin- 
ated hydrocarbons Neoprene is fully satisfactory. 
“Saran’’ tubing (Dow Chemical Co.) has remarkable 
solvent resistance, but its stiffness must be reckoned 
with. 

Several advantages are claimed for the apparatus 
described in addition to its relative simplicity of con- 
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struction. The fact of having three separate heating 
units in the furnace makes possible a large degree of 
independent temperature control for the various zones 
of the reaction tube. Vaporization and preheating of 
the entering liquid can be achieved smoothly without 
overheating by use of the upper two heaters for bringing 
the reactants up to the desired temperature for the 
catalytic reaction. For the reactions mentioned earlier 
requiring additional heat, such can be supplied easily 
in the catalyst heater by increasing the current through 
the attached rheostat. Further, since the tubular 
heaters in the furnace can always be opened up, it is 
easy to observe such changes as carbonization or foul- 
ing of the catalyst due to accumulation of absorbed 
products. When regeneration of the catalyst becomes 
necessary by passing air through to burn out residues, 
direct observation of the catalyst is particularly ad- 
vantageous to ascertain the progress of the combus- 
tion, and especially to watch for a fiery reaction which 
would soon melt or distort the glass tube. Regulation 
of the air supply is usually an adequate remedy for the 
situation which might otherwise escape detection. 


EXPERIMENTAL PROCEDURE 


Once a certain reaction has been selected for investi- 
gation, the principal variables to be dealt with are: 
(1) the specificity and activity of the catalyst for pro- 
moting the desired transformation; (2) the tempera- 
ture of the reaction; and (3) the contact time of the 
reactants with the catalyst mass. (It is here assumed 
that the experiments are carried out at substantially 
atmospheric pressure, a condition suitable for a large 
variety of reactions.) 

The apparatus described was designed and built for 
the author’s course in industrial chemistry, in which 
particular attention was given to the hydrocarbons. 
Two illustrative reactions were selected for study, 
namely, catalytic cracking of fuel oils to produce gaso- 
lines, and dehydration of alcohols to produce pure ole- 
fins. For the first a commercial cracking catalyst was 
employed,* and for the second a very suitable catalyst 
was the Alorco ‘Activated Alumina”’ in the form of 
small granules. No attempt was made to investigate 
the reactions from the standpoint of research, the prin- 
cipal objects being to familiarize the student with the 
operational variables involved, to develop the technique 
of securing a good materials balance, and to study 
methods for characterizing the products. The results 
obtained, however, justified confidence for extension 
of the method to further studies. 

For catalytic cracking, suitable reaction conditions 
for various fuel oils were: temperature, 500°C.; 
space velocity,t 4 to 6; and reaction time, one hour. 

* This was kindly furnished by Dr. Herman Bloch of the 
Universal Oil Products Company, Riverside, Illinois. 


t Defined as cubic cm. of reactants charged per cubic cm. of 
catalyst volume per hour of reaction time. 
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The results were of the order: yield of gasoline,? 2% 


to 35 weight per cent; gas, 5 to 9 per cent; loss, 3 to§} 


per cent; carbon formation, 0.5 to 2.0 per cent. 


For catalytic dehydration of aliphatic alcohols thf 
primary alcohols naturally required a higher tempera.) 
ture and longer contact time (that is, lower space vel 
locity) than the secondary and tertiary compounds which} 
Conditions of reaction were} 
space velocity, 3 to &P 
Results were: yield of olefin) 
upward of 85 per cent; secondary products and carbon} 


are more susceptible. 
temperature, 250 to 375°C.; 
reaction time, one hour. 


both negligible. 
These results illustrate what may be accomplished in 


vapor phase catalysis with the kind of readily assembleif 
The versatility of vapof 


apparatus illustrated here. 
phase catalytic processes suggests their wider adop- 
tion, both in research and instructional laboratories, 
for the study of a great variety of reactions. The spe- 
cial study of catalysis as a fundamental factor in chemi- 
cal change can be facilitated and enlivened by the 
availability of such simplified equipment as employed 
in these laboratories. 
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aboratory Preparation of Cold Cream 
to Show Saponification and Emulsification 


GEORGE W. HUNTER 


Hampton Institute, Hampton, Virginia 


NUMBER of experiments have been tried in the 
laboratory for the preparation of soap with vary- 
Ming degrees of success.' Included in these experiments 
the study of fats, waxes which contain fatty acids, 
gid emulsifying power of soap. It has been found 
helpful for the large number of home economic students 
Making organic chemistry to make a simple cold cream 
pnd illustrate from this both saponification and emulsi- 
cation. 

According to Wall,? too many amateurs are flooding 
he market with kitchen-made products which compete 

fairly with those of legitimate manufacturers. This 
experiment is not one to compound a cosmetic formula 

‘but to serve as a basis for the scientific study of one 
‘small problem of this vast and valuable industry. 
' A given volume of an inorganic or organic acid will 
Fequire a definite volume of a base for its neutralization. 
Ui a fatty acid is used the process is called saponification 
and the product, a soap. A perfectly balanced “‘oil-in- 
Mater” emulsion cannot be diluted with additional oil. 
dding oil to increase viscosity of such an emulsion will 
ause it to separaté. Similarly water cannot be added 
0a perfectly balanced “water-in-oil” emulsion. 
A simple cold cream may consist of four ingredients: 
hhite beeswax, mineral oil (light liquid petrolatum), 
water, and borax, which may be purchased at any re- 
liable chemical house. 

Beeswax consists chiefly of free cerotic acid and 
myricyl palmitate with small quantities of other higher 
jatty acids and alcohols, and about 10 per cent of 
hydrocarbons. It may be bleached white by exposing 
the wax in the form of thin films to the action of moist 
air and sunlight. 

Mineral oil is a colorless, oily mixture of liquid hydro- 
carbons insoluble in water and obtained from pe- 
troleum. 

Borax in water solutions hydrolyzes to form sodium 
hydroxide and boric acid. Although there are secon- 
dary reactions, the reaction of cerotic acid from bees- 

‘ADAMS AND JOHNSON, ‘“‘Elementary Laboratory Experi- 
Ments in Organic Chemistry,” The Macmillan Company, New 
York, 1940, p. 161; Fuson, Connor, PRICE, AND SNYDER, 


“Brief Course in Organic Chemistry,” John Wiley and Sons, 
Ine., New York, 1941, p. 213. 
_* Watt, “A fertile field for chemical research,” J. CHEM. 
Epuc., 17, 79 (1940). 

* Encyclopedia Britannica, Vol. 3, 14th ed., p. 316. 


wax and the alkali, sodium hydroxide, forms a soap, 
sodium cerotate. Hauser states that gasoline and water 
form a stable emulsion with soap as the emulsifier.‘ 
It is felt, therefore, that mineral oil and water will form 
a stable emulsion with sodium cerotate as the emulsify- 
ing agent. 

To make a simple cold cream, place 16 g. of white 
beeswax and 50 cc. of mineral oil into a 250-cc. beaker. 
Place this beaker in a water bath and heat until the 
wax melts. Obtain the temperature of the melted mix- 
ture. While the wax is melting, place 1 g. of borax and 
33 cc. of water into a 100-cc. beaker. Heat over a wire 
gauze until the temperature of this solution is within two 
to five degrees centigrade of that of the oily solution. 
Slowly pour the borax solution into the melted oils, 
stirring constantly. The mixture will turn milky due 
to the saponification of cerotic acid in the beeswax, 
forming first a soap and then a ‘‘water-in-oil’’ emulsion 
when cool. 

After the cold cream is made and while it is still hot, 
pour 5 cc. into each of four test tubes and immerse in 
cold water to allow them to set. Measure into four 
test tubes 5 cc. of the following: water, melted bees- 
wax, mineral oil, and 1 per cent borax solution, re- 
spectively, and heat to 70°C. in a water bath. Pour 
the contents on top of the respective test tubes of cold 
cream and remelt in the water bath the four test tubes 
of cold cream containing different ingredients. On re- 
moval from the bath and recooling in iced water, it is 
found that both mineral oil and beeswax dilute the cold 
cream emulsion but water and borax are immiscible in 
the tubes containing cold cream. It is felt, therefore, 
that the simple cold cream made is a “water-in-oil”’ 
emulsion. This experiment may be repeated with the 
remaining cold cream left in the 250-cc. beaker. 

The preparation of the simple cold cream embodies an 
explanation of the saponification of fatty acid with an 
alkali and the emulsification of the oil and water to 
form a stable emulsion. This emulsion was proved to 
be one of the water-in-oil type as addition of further 
water caused the latter to separate, whereas the addi- 
tion of oil increased the oily layer of the ‘‘water-in-oil’”’ 
emulsion. Oil can be added to a perfectly balanced 
“water-in-oil” emulsion but water cannot. 


‘ Hauser, ‘Colloids in your daily life,’ J. Cuem. Epuc., 18, 
593, (1941). 
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Formation of Thin Films upon Glass Surfaces. No. 
2,337,460. Preston W. French, Wilkinsburg, Penn- 
sylvania, assignor to Pittsburgh Plate Glass Com- 
pany. 

Since the pioneer work of Langmuir, Blodgett, 
Strong, Cartwright, and others, a great deal of develop- 
ment has taken place in producing reflection-reducing 
films on lenses and viewing elements of optical instru- 
ments. One general method has been to superpose on 
the glass a film of organic material having a thickness of 
about one-quarter of the wave length of visible light 
and having an index of refraction such that the re- 
flection at the interface of air and film equals the re- 
flection at the interface of film and glass surface. 

The patent describes the formation of a film of in- 
creased strength, the film being composed of calcium 
fluoride. The surface of the glass may first be etched 
with 1 or 2 N strong mineral acid containing in solu- 
tion some of the calcium salt of the acid. The treat- 
ment is stopped when a substantial amount of the alkali 
component of the glass has been leached out to a depth 
of about 12 millionths of an inch. The glass is then re- 
moved from the acid bath, washed, dried, and treated 
with hydrogen fluoride mixed with air or inert gas. 
This converts the silica in the surface film to silicon 
tetrafluoride which is volatilized. What is left is a 
skeletal film of calcium fluoride. This film is baked at 
about 200°C. for 10 minutes to harden. 


Process of Making Filaments Consisting of Pure 
Silicic Acid. No. 2,338,463. Franz Skaupy and 
Gustav Weissenberg, vested in the Alien Property 
Custodian. 

This invention is a novel and interesting method of 
making filaments of pure silicic acid, more particularly 
quartz, which has seemingly excellent possibilities. 

The old method of making these filaments is to spin 
fused quartz at extremely high temperatures. It must 
be remembered that quartz melts at 1710°C. This 
patent describes both a wet- and a dry-spinning 
method of low temperature filament manufacture, of 
which the dry method is preferred. 

An example of the wet method is to prepare a filtered 
and deaerated 1:5 solution of commercial potassium 
water glass in water. This is then spun into a 5 per 
cent solution of hydrochloric acid which coagulates the 
silicic acid. After being wound by spinning centrifuges, 
the filament cake is treated with dilute acid to remove 
the soluble chlorides. 

One example of the dry-spinning method is to take 
commercial double water glass, having the composition 
1Na,0, 1K:0, 6SiO2., and form a solution having a 
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specific gravity of 60° Baumé. Very fine filaments are 
dry spun and then treated with 30 per cent nitric acid. 
The filaments are finally run rapidly through a ga 
flame or other heating zone to vitrify the silicic acid. 

A third modification may also be used in which fused 
commercial water glass is spun into a stream of com 
pressed air. Even this results in great economy of heat 
since the required temperature is below 1000°C. 

An interesting sidelight on the different results ob- 
tained by using the various modifications of the method 
is that the microcrystallites of the wet-spun filaments 
are probably oriented to a great extent parallel to the 
filament axis. Stretch-spinning also increases orienta 
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tion. This type of filament is more extensible than the C. Si 
unoriented type. Chen 
Manufacture of Sulfuric Acid. No. 2,337,060. Lewis "hg 
S. Munson, ef al., assignors to E. I. du Pont de aie 
Nemours and Company. The | 
This is an improvement in the well-known contact a ae 
process of manufacturing sulfuric acid. es 
The invention relates to that modification of the S% 
contact system in which the burner gas is passed directly Bu, + - 
to a platinum-type converter without intervening ie 
scrubbing or other wet purification. Ordinarily the . 
presence of too much moisture in the air, undesirable 
chlorine in either air or sulfur, and the general presence} The 1 
of dust, all contribute to lower the efficiency of thefftiable a 





alonic 
cation. 
siderabl 







abbreviated contact system. 

The patent describes the removal of moisture from 
the burner air by means of a drying tower containing 
concentrated chlorine-free sulfuric acid. The chlorine 
is removed from the sulfur by melting and being allowed 
to stand until the chlorine, along with fine mineral 
matter and asphalt, settles as a sludge. Dust is re 
moved from the burner air by a coke filter. 
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Production of Sulfathiazole. No. 2,339,083. L. ¢ 
Leitch, Montreal, Quebec, and L. Brickmat, 
Quebec, Canada, assignors to Mallinckrodt, Ltd. 


This is an improved method of preparing one of ou! 
highly important drugs. Sparingly soluble salts 0 
certain sulfonic acids are coupled, in the presence of 4 
tertiary amine such as pyridine, with a derivative of 4 
benzenesulfonyl halide having in the para position 
one of the following: NOs, a halogen, an azo group, 
or —NHR, where R is an acyl group. 

A more specific example of the method follows: To4 
hot solution of 25 g. of sodium 2-chloro-p-cymene-}: 
(or -5-)sulfonate dissolved in 200 cc. of water weft 
added 50 cc. of aminothiazole hydrobromide liquet 
The solution was boiled with carbon black and filtered, 





















ApRIL, 1944 


nd the salt crystallized from the filtrate. The crystals 
vere then washed in cold water and dried. They may 
be purified by recrystallization. The yield was 24-5 g. 
} To the crude salt mixed with 50 cc. of pyridine there 
were gradually added 12 g. of p-acetaminobenzene sul- 
onyl chloride, and the mixture was heated at 95°C. 
or two hours. The solvent was removed in vacuo 
pnd the acetyl sulfathiazole isolated by adding 200 cc. 
pf water and filtering off the solid. The yield was 
bS8g., melting at 248°C. 

The acetyl sulfathiazole (or other derivative as the 
ase may be) may be hydrolyzed to sulfathiazole by 
any of the standard procedures with aqueous alkalies 
sr mineral acids. 

The improvement lies in using the aminothiazole 
salts, since this avoids having to isolate aminothiazole 
rom a reaction mixture. The present method also 
supposedly produces a higher yield and the precipitants 
nay be recovered from the mother liquor after the salt 
scoupled with the sulfonic acid. 


Preparation of Malonic Esters. No. 2,337,858. W. 
C. Stoesser, Midland, Michigan, assignor to Dow 
Chemical Company. 

The invention relates to the preparation of the lower 
Ikyl esters of malonic acid by the simultaneous hy- 
lrolysis and esterification of sodium cyanoacetate. 

The reaction representing this well-known process 
lay be represented by the following equation: 


CN COOC:;H; 


CH, + 4C,H;OH + 2H.SO, —_—_> 2CH, a Na.SO, + 


COONa COOC:H; 


(NH,4)2SO, 


The improvement resides in recovering the appre- 
table amounts of the mono-alkyl malonate and free 
alonic acid formed during the hydrolysis and esteri- 
cation. By returning these to the reaction a con- 
siderable increase in yield is obtained. 


tocess of Preparing an N-Acetyl Aromatic Amine. 
No. 2,337,825. George G. Lahr and W. T. Daddow, 
Wilmington, Delaware, assignors to E. I. du Pont 
de Nemours and Company. 
The preferred method is described as follows: 
Eighty-eight parts (0.86 mole) of acetic anhydride are 
added little by little to 160.5 parts (1.5 moles) of 
‘toluidine, allowing the temperature to rise. The mix- 
ture is heated to reflux temperature after all the an- 
‘Biydride has been added and held there (150° to 160°C.) 
for one and one-half to one and three-quarters hours. 
Vacuum is applied and dilute acetic acid is distilled 
off, the vacuum being raised as the temperature drops. 
The bulk of the acetic acid distills during crystallization 
ol the mass, which occurs at 115° to 125°C. and a 


vacuum of 22 to 26 inches of mercury. After removal 
of the weak acetic acid, the vacuum is released and 
25.5 g. (0.25 mole) of acetic anhydride are added to the 
charge and heated at 150° to 160°C. for a half hour. 
Acetylation is about 99 to 100 per cent complete. 


Method and Apparatus for Quantitative Analysis of 
Radioactive Substances. No. 2,337,306. R. B. 
Barnes, Stamford, Connecticut, assignor to Ameri- 
can Cyanamid Co. 


This is an interesting method of determining the 
total quantity of an element present in the form of its 
radioactive and nonradioactive isotopes. 

In naturally radioactive elements such as potassium 
and rubidium the radioactive isotopes are invariably 
present as a known proportion of the total quantity of 
the element being determined. In the case of potas- 
sium it is known that a radioactive isotope of potassium, 
designated K*°, is present naturally in the ratio of 
0.012 per cent with ordinary potassium. 

A conventional Geiger-Miiller counter may be used 
to measure the radioactivity. The solution of un- 
known normality is placed so that the rays of particles 
from the radioactive substance pass through the shell 
of the Geiger tube. These rays or particles, together 
with the voltage impressed on the tube, ionize the con- 
tained gas, thereby causing a current to flow through 
the external circuit used to impress the voltage on the 
tube. This current is amplified and used to trip a 
relay counter, thus recording the particle causing the 
ionization of the gas and thereby giving a statistical 
measure of the amount of the radioactive isotope pres- 
ent which originally caused the ionization of the 
gases. 

The count for a period of two hours or so is taken and 
the net count per minute determined. This is com- 
pared with a graph made of counts taken with solutions 
of known normality. The normality of the unknown 
can then be determined with reasonable accuracy. 
Absolute accuracy can be obtained only by measuripg 
the radioactivity over a long interval. 

In case the radioactive isotope has a short half-life 
the decay is described by the following equation for 
radioactive disintegration : 


M = Noe a 


where 


N, is the number of atoms of the radioactive element after a 
time interval ¢ 

Nois the number of atoms when ¢ = 0 

d is a constant for the disintegration of the particular element 
being analyzed. 


The method is said to be applicable to elements such 
as radioactive iron, sulfur, sodium, calcium, cobalt, zinc, 
carbon, chromium, manganese, and many others. 


One hundred average household tin cans weigh 100 pounds and yield 1.2 pounds 


of tin, by recovery. 








VIVIAN RICHARD DAMERELL and HAROLD SIMMONS BOOTH 


N THE early days a course in quantitative analysis 

was likely to consist of the analysis of whatever 
pieces of iron ore, limestone, etc., the instructor had 
available, with a minimum of classroom meetings, 
laboratory supervision, or textbook assistance. While 
this was perhaps an effective way to develop a stu- 
dent’s initiative, it was also an inefficient and time- 
consuming way to learn the subject, particularly the 
experimental part. Although the quantitative labora- 
tory in the modern college is run in a much more effi- 
cient manner, the authors feel that even today there is 
still plenty of room for improvement in the teaching 
of experimental quantitative analysis. The results of 
a number of years of thought and experimentation on 
the subject are summarized here, with the hope that 
other teachers will read, criticize, and possibly benefit 
thereby. 

Besides the learning ot the theory required for an 
understanding of the laboratory procedures two ob- 
jectives seem clear: (a) From the student’s stand- 
point a chief aim of the work is the acquiring of skill 
in the fundamental analytical techniques, which in- 
clude sampling, weighing, the handling of solutions 
and precipitates, use of volumetric apparatus, use of 
instruments, etc.; (6) from the instructor’s standpoint 
the analyses must be chosen and described so that the 
student can get accurate results by doing accurate and 
intelligent work. Then results can be fairly graded, 
and the student can be correctly classified as to his 
laboratory skill. This is important information to 
have in the case of chemistry majors and many pre- 
professional students, such as potential physicians, 
dentists, and pharmacists. 

In the authors’ opinion, quantitative analysis is 
often not taught in the best way to accomplish these 
aims. Objective (@) can be most readily reached by 
allowing sufficient time for the perfection of each type 
of laboratory manipulation. But in most courses at 
present the amount of time spent in weighing is greatly 
in excess of that needed, while in other operations, like 
that of transferring a precipitate to a filtering crucible, 
or using a spot plate or a colorimeter, many students 
could profit by further experience. Objective (b) can 
be properly reached only if accurate work on the stu- 
dent’s part leads to accurate results. To the casual 
reader this seems obvious, but all experienced quantita- 
tive instructors are familiar with the many errors en- 
tirely or partially beyond control of the student that 
may make a result inaccurate in spite of closest ad- 
herence to procedure and technique. The authors 
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Laboratory Teaching Practices 
in Quantitative Chemical Analysis 


Western Reserve University, Cleveland, Ohio 


















have realized these difficulties for a number of year; 
and the following suggestions are offered for overcomiy 
them, at least partially. 








DECREASING THE TIME SPENT IN THE BALANCE ROOM 





Excessive time is spent in the balance room in many 
courses in quantitative analysis. The authors hav 
known instances in which students have done as many 
as 100 weighings in a semester. This is probably four 
or five times the amount necessary to make the student 
proficient, and the long periods in the balance room 
tend to make the course seem dull and uninteresting. 
The authors diminish this time in two ways: (a) bya 
considerable use of the single-deflection method oi 
weighing, and (b) by giving solutions for unknowns 1 
some determinations, so that samples may be quickly 
obtained with a pipet. 

The single-deflection method of weighing is a great 
timesaver, and is sufficiently accurate for all elemen- 
tary quantitative work. However, the authors believe 
that the student should also be given thorough w- 
struction in the method of swings and the adjustment 
method, as part of a comprehensive quantitative course. 
It is probably well to give instruction in the method oi 
swings at the beginning of the course, because it is 
somewhat time consuming, and a student may slight 



















it if first taught the adjustment or single-deflection 





method. 

The use of solutions for unknowns is also an effective 
way to avoid excessive time in the balance room. At 
first glance this seems to involve a great deal of work 
on the instructor’s part, analyzing solutions and meas: 
uring out samples for students. Actually not a great 
deal of labor need be involved. For a small quantits 
tive class one concentrated stock solution is sufficient 
for a given analysis. This can be added from a buret 
to a 200-ml. volumetric flask and diluted to the mark, 
thus providing any number of unknowns. 

For a larger class, of say, 25 or more students, 4 
series of solutions can be made up in 2!/2-liter acid bot- 
tles. Approximately 200-ml. samples of these can be 
given out without further dilution, and without careful 
measurement of the volume. The students can thet 
accurately pipet out 25-ml. portions of this for samples 
The difference between adjacent members of this solt- 
tion series should be small, so that students will not 
know which sample they have. Then several samples 
of the same solution can be given out to the sami 
class. 

Students will need the value of the density to cal 
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ulate the weight of sample from the volume taken. 
he authors generally have them assume a density of 
me in such calculations, but the true density can be 
rrived at also by furnishing a table of densities and 
percentages. Members of the class are told first to 
alculate their percentages assuming unit density. 
Then from the table they find the density corresponding 
o this percentage. The latter density is then used in 
he calculation of a second, more accurate result. Thus, 
in the determination of silver in a silver nitrate solu- 
tion by the Volhard method, the following table is 
furnished. ? 


DENSITY OF SILVER NITRATE SOLUTIONS AT 20°C. 

Silver, 
Per Cent 
587 
705 
822 
.940 
058 
175 
293 
410 
528 
646 


Silver, 
Per Cent 


. 294 
.411 
. 529 
.646 
. 764 
. 882 
-999 
2.117 
2.234 
2.352 
2.470 


Silver, 
Density Per Cent 
0.998 0.000 1 
0.999 0.118 1 
1.000 235 1 
1.001 . 353 1 
1.002 .470 1 
1.003 .588 1 
1 
1 
1 
1 
1 


Density 


.020 
.021 

22 
023 
.024 
025 
026 
.027 
.028 


.029 


Density 


.009 
.010 
-O11 
.012 
.013 
.014 
.015 
.016 
.017 
.018 
.019 


1.004 . 706 
1.005 . 823 
1.006 .941 
1.007 .058 
1.008 .176 


De tt et 
WWW WwW WwW tv to bd 


If it can be arranged so that at least six or seven 
amples of a solution are given out for analysis, and if 
he laboratory directions are clearly stated and the 
method is capable of good results the authors have 
found that properly computed class averages are in 
general as reliable as the instructors’ own analysis. 
his is a most important point, since few instructors 
have the time or help available today to analyze their 
wn solutions. Even in a, small class, where a single 
stock solution is diluted, the class results can be used 
to give the strength of the stock solution by taking 
into account the volume used in each sample. 


PREPARATION OF SOLID SAMPLES 


Experienced instructors will recall the all-too-fre- 
juent cases in which solid samples have given erratic 
results because of insufficient grinding or mixing, or 
both. The authors have largely overcome this diffi- 
ulty by making two-component samples, each com- 
ponent of which contains the radical to be determined. 
Thus, a sulfate sample series is made up by mixing 
powdered ammonium sulfate (60.59 per cent SO3) and 
powdered potassium sulfate (54.93 per cent SOs). 
Errors due to improper mixing are much smaller with 
his type of mixture than with the more common types, 
such as potassium sulfate and potassium chloride. As 
en example, five per cent too much potassium sulfate 
a supposedly 50-50 mixture of this with ammonium 
Sulfate will change the SO; content from 53.26 per cent 
to 53.99 per cent, while a similar error in a 50-50 mix- 
ture of potassium sulfate and potassium chloride will 
hange the SO; content from 30.30 per cent to 33.28 
per cent, 

The members of a solid-sample series should not be 


‘Booth AND DAMERELL, “Quantitative Analysis,” 2nd ed., 
{cGraw-Hill Book Company, Inc., New York, 1944, p. 247. 
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more than one or two per cent apart in composition, so 
that students will not know which sample they have. 
The instructor is then able to give out several portions 
of the same sample to a class and, if he desires, the 
analysis can be established or checked by a class aver- 
age. 

Coin envelopes have been found by the authors to 
be the most convenient containers for giving out solid 
quantitative samples. These can be thrown away 
after use, thereby eliminating the problem of what to do 
with returned sample bottles of dubious cleanliness. 
The code marks identifying the sample can also be 
written on such envelopes more readily than upon 
sample bottles. Samples standing around in these 
containers will, of course, pick up a variable amount of 
water, but since they must be thoroughly dried by the 
student before weighing this does not introduce any 
error. 


CALIBRATION OF WEIGHTS AND VOLUMETRIC APPARATUS 


The authors believe that calibration of weights and 
of volumetric apparatus should be part of a compre- 
hensive course in quantitative analysis, not only be- 
cause of the training involved, but also because in most 
institutions the weights, burets, pipets, etc., are in such 
condition that calibration is a necessary prelude to the 
obtaining of accurate results. Furthermore, it is 
thought that the explanation of the calibration proce- 
dure is within the grasp of quantitative students, if 
properly presented. 

The accuracy of student calibrations is checked by 
the authors by the use of unknowns. The weight cali- 
brations are checked by giving out pairs of weights,’ 
one 50-g. and one 2-g., each of which has been filed 
so that the mass is a little less than the face value. 
The 50-g. weight then requires the use of most of the 
student’s brass weights and part of his fractionals, and 
the 2-g. weight requires the use of his 1-g. weight and 
most of the fractionals. The required result is the 
value obtained by dividing the mass of the 50-g. weight 
by the mass of the 2-g. weight. The use of this ratio 
eliminates arm-length error and the error caused by 
each student’s calibrating his set in terms of one of the 
weights of that set. 

The calibration of volumetric apparatus is checked 
by giving out a dilute sulfuric acid solution and having 
the student determine an effective density by dividing 
the weight of solution delivered by the pipets or buret 
by the observed volume. The results must be cor- 
rected for temperature, and the authors furnish the 
equation, 


Dz, = Dr + (0.00025)(T — 25) 


where D2; is the corrected density at 25°C., and Dr 
is the density at centigrade temperature 7.3 Quanti- 
(Continued on page 206) 
2 Six of each weight, properly marked with notches, make 36 
different combinations, enough for most quantitative sections. 


3 BOOTH AND DAMERELL, “Quantitative Analysis,’’ 2nd ed., 
McGraw-Hill Book Company, Inc., New York, 1944, p. 156. 





Research Supported by Industry 
through 
Scholarships, Fellowships, and Grants 


CALLIE HULL and MILDRED MICO 


National Research Council, Washington, D. C. 


HE first list of Research Scholarships and Fellow- 

ships Supported by Industry was compiled by the 
National Research Council in. 1929. The News Edition 
of Industrial and Engineering Chemistry published the 
compilation in the issue of July 20 of that year. Fifty- 
six companies reported the support of 95 fellowships 
and scholarships. 

During the 15 years which have passed, there has 
been sufficient interest in the compilation to make it 
worth while to revise it several times. The support of 
this type of research has steadily increased. Two 
hundred and one companies in the present list report a 
total of 956 fellowships, scholarships, or grants for re- 
search. 

Subjects of research range over as many fields as are 
represented in the interests of the supporting companies. 
The largest number is awarded for work in chemistry, 
engineering, and food and nutrition. Pharmacy, phar- 
macology, and medicine compose the next largest num- 
ber. It is interesting to note the 20 or more other 
subjects which engage the attention of from one to 
forty workers. 

While there are 54 new companies reporting for the 
current list, there are about one-fourth of the companies 
in the 1941 list which have discontinued their support 
for the duration of the war. A number of these com- 
panies indicated that the funds for support of such work 
are available for use whenever the right applicants may 
be found. 

Corrections and additions to the list will be welcome. 
They should be sent to the library, National Research 
Council, 2101 Constitution Avenue, Washington 25, 
BD. ct. 

ABBOTT LABORATORIES, North Chicago, Ill. 

Fellowships of $750 each for research in organic chemistry are 
maintained at: University of California; University of Illinois; 
University of Michigan; University of Minnesota; Purdue Uni- 
versity; University of Rochester; Stanford University. 

Fellowships of $750 each for research in biochemistry are main- 
tained at: Duke University; University of Pittsburgh. 

Grants are made to: Northwestern University, for the study 
of hormones, $1000; University of Pennsylvania, for studies in 
chemotherapy, $1500. 

ALLIED CHEMICAL & Dye Corp., 61 Broadway, New York, N. Y. 

Graduate fellowships with a stipend of $750 each have been 
established for 1943-44 at: University of California; California 
Institute of Technology; Columbia University; Cornell Uni- 
versity; Harvard University; University of Illinois; State Uni- 
versity of Iowa; Massachusetts Institute of Technology; Uni- 
versity of Michigan; University of Minnesota; Northwestern 
University; Ohio State University; University of Pennsylvania; 
Pennsylvania State College; Princeton University; Purdue 
University; University of Wisconsin; Yale University. 


ALLoy CasTING INSTITUTE, 39 Broadway, New York, N. Y. 

Research on the effect of corrosion and temperature on high 
alloy heat and corrosion castings is sponsored at Battelle Me 
morial Institute. Grant, $36,000. 

ALUMINUM CoMPANY OF AMERICA, Pittsburgh, Pa. 

A scholarship has been established at Carnegie Institute o 
Technology, for research on metallurgy of aluminum. 

Two fellowships are maintained at the Battelle Memorial I: 
stitute for research on extruded coatings for aluminum arc welé. 
ing electrodes and the use of alumina in the ceramic industry. 

A grant is made to Louisiana State University for the investiga: 
tion of cryolite as an insecticide. 

AMERICAN AGRICULTURAL CHEMICAL Co., 50 Church St., New 
York, N. Y. 

Contributions are made to fellowships at: 

National Bureau of Standards, for research on bone blac 
(through U. S. Cane Sugar Refiners). 

Philadelphia College of Pharmacy, for research on gelati 
as an emulsifier (through Edible Gelatin Manufacturers Re 
search Association). 

Michael Reese Hospital, for research on gelatin as a bloo 
plasma substitute. 

University of Chicago, for research on gelatin as a nutrimetl 
in parenteral feeding. 

Harvard University, for research on gelatin as an antithrom 
botic agent. 

Northwestern University, for studies on physical properti 
of gelatin. 

AMERICAN ASSOCIATION OF TEXTILE CHEMISTS AND COLORIST 
Care of L. A. Olney, Chairman, Research Committee, Lowel 
Textile Institute, Lowell, Mass. 

A scholarship has been established at Lowell Textile Institut 
for research on standard test methods of dye fastness. Grail 
$1000. 

AMERICAN CAsT IRON Pipe Co., 2930 North 16th St., Birmin 
ham, Ala. 

A fellowship is maintained at Vanderbilt University, for r 
search on the chemistry of cast iron. Stipend, $800. 
AMERICAN CHEMICAL Paint Co., Ambler, Pa. 

Fellowships are maintained at: 

University of Maryland (two), for research on plant phys 
ology and for potato studies. Stipends, $600 and $1000. 

Oklahoma Agricultural and Mechanical College, for reseattl 
on plant hormones. Stipend, $600. 

AMERICAN DENTAL ASSOCIATION, RESEARCH CommMISssION, 2! 
East Superior St., Chicago, IIl. 

Research associates (two) are maintained at the National Bu 
reau of Standards, for research in dental materials. Grail 
$15,000. 

A fellowship is maintained at the National Institute of Health 
for research in Vincent’s disease. Grant, $5000. 

Applications should be sent to Daniel F. Lynch, Secretary 4 
the Research Commission, 1678 Primrose Road, Washingt! 
DC. 

AMERICAN Gas AssociATION, 420 Lexington Ave., New York !i 
Ni. 

Research projects are assigned to the American Gas Associatid4 
Laboratories in Cleveland, the Institute of Gas Technology, 4 
National Bureau of Standards, the Savory Equipment, Inc., a! 
the Selas Co. Budget for the current year is in excess of $15); 
000. 
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MERICAN INSTITUTE OF STEEL CONSTRUCTION, 101 Park Ave., 

New York, N. Y. 

Grants are made to: 

Northwestern University, for the study of laced column ele- 
ments, $1000. 

Welding Research Council, for the study of fatigue and im- 
pact in butt and fillet welded members, $750. 

Taylor Model Basin, U. S. Navy, for the study of stress dis- 
tribution in rigid frames knees, $500. 

National Bureau of Standards, for the study of stress dis- 
tribution in perforated cover plate compression members, $500. 
A fellowship is maintained at Lehigh University; for the in- 

vestigations of continuity in steel building frames and the elastic 
buckling of plates. Stipend, $2400. 
AMERICAN MaizE-Propucts Co., 100 East 42nd St., New York, 

N. Y. 

Fellowships are maintained at: 

Iowa State College (two) for research on characterization of 
starches. Stipend, $1500. 

Massachusetts State College, for research on corn sirup 
solids as an ingredient in ice cream. Stipend, $750. 

Purdue University, for research on starch and sugar deriva- 
tives. Stipend, $750. 

University of Wisconsin, for research on the use of corn 
sirup solids in ice cream. Stipend, $1100. 

AMERICAN PETROLEUM INSTITUTE, 50 West 50th St., New York, 

Nex: 

Fellowships are maintained at: 

California Institute of Technology (two) for a study of the 
fundamentals of hydrocarbon behavior. Grant, $14,500. 

Massachusetts Institute of Technology (three) for a study of 
the effect of radioactivity on the transformation of marine or- 
ganic materials into petroleum hydrocarbons. Grant, $4500. 

Ohio State University Research Foundation (thirteen) for 
research in the field of pure hydrocarbons. Grant, $35,000. 

Pennsylvania State College (two) for a study of the synthe- 
sis and properties of hydrocarbons of high molecular weight. 
Grant, $8625. 

Pennsylvania State College (five) for studies on the forma- 
tion of petroleum. *Grant, $8600. 

Scripps Institution of Oceanography (three) for studies on the 
role of microorganisms in the transformation of organic mate- 
rial into petroleum. Grant, $6500. 

University of Michigan (four) for research on the function of 
water in the production of oil from reservoirs. Grant, $7700. 
Research associates at the National Bureau of Standards (four) 

for study of the isolation and identification of hydrocarbons in 
petroleum. Grant, $30,000. 

Research associates at the National Bureau of Standards (two) 
for collection and analysis of data on the properties of hydro- 
carbons. Grant, $6800. 

The above grants cover both salaries and equipment. 

AMERICAN PHARMACEUTICAL ASSOCIATION, 2215 Constitution 

Ave., Washington, D. C. 

Fellowships are maintained at: 

Purdue University School of Pharmacy, for work on precipi- 
tates in fluid extract of senna. Stipend, $400. 

University of Washington College of Pharmacy, for the 
—_ of dermatologic medication preparations. Stipend, 

500. 

AMERICAN PotasH INSTITUTE, INC., 1155 16th St., N. W., Wash- 

ington 6, D. C. 

Thirty-seven projects for research in potash and boron are sup- 
Ported in universities, agricultural colleges, and experiment sta- 
tions. 

AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 29 West 39th 

St., New York 18, N. Y. 

Research projects are supported by grants from industry and 
the Engineering Foundation as follows: 

National Bureau of Standards. Project: Flow nozzles and 
volumeters. 

Ohio State University. Project: 
differential head meters. 


Effect of pulsations on 
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Massachusetts Institute of Technology. Project: Strength 


of gear teeth. 

Battelle Memorial Institute and Massachusetts Institute of 
Technology. Project: Effect of temperature on the properties 
of metals. 

Purdue University. Project: Critical pressure steam boilers. 

University of Pittsburgh and Westinghouse Electric & Manu- 
facturing Company, Research Laboratories. Project: Rolling 
of steel. 

Columbia University. Project: Unsteady heat flow inves- 
tigations by electrical analogy. 

Undesignated institution. Project: 
factors. 

AMERICAN SOCIETY FOR TESTING MATERIALS, 260 South Broad 

St., Philadelphia, Pa. 

Research is sponsored at: 

Battelle Memorial Institute, Massachusetts Institute of 
Technology, and University of Michigan, for researches on the 
effect of temperature on the properties of metals (with Ameri- 
can Society of Mechanical Engineers). Funds are contributed 
by industrial companies, with grants from the National Re- 
search Council and the Engineering Foundation. 

Engineering Foundation, Welding Research Committee. 
Research project: Effect of carbon and manganese on the 
weldability of carbon steels. Funds contributed from A. S. 
T. M. research fund. 

National Bureau of Standards. Cement Reference Labora- 
tory, sponsored jointly by the bureau and A. S. T. M. Com- 
mittee C-1 on Cement, makes regular inspection and tests of 
cement testing equipment. Funds contributed by industry. 

Pennsylvania State College, for investigation and subse- 
quent development of standardized methods of determination 
of water vapor in gaseous fuels. Funds contributed from 
A. S. T M. research fund. 

Various laboratories, including University of Illinois, for 
investigations on fatigue of metals, involving particularly ef- 
fect of type of testing machine on results of fatigue tests. 
Funds contributed from A. §. T. M. research fund. 

Various test sites assigned by universities and Government 
branches for atmospheric corrosion tests of metallic products 
including wire in various forms, coated and uncoated steel 
sheets and hardware, shapes, etc. Some 15 test sites through- 
out the country are used for exposure of specimens with in- 
spection at intervals by members of technical committees 
sponsoring the work. 

AMERICAN Tosacco Co., 111 Fifth Ave., New York, N. Y. 

A grant is made to the Medical College of Virginia, for research 
on the pharmacology of tobacco and tobacco smoke. $10,500. 
AMERICAN VISCOSE CorpP., P. O. Box 468, Wilmington, Del. . 

Fellowships are maintained at: 

West Virginia University, for the study of industrial chem- 
istry. Stipend, $1500. 

Pennsylvania State College, for the study of fabric testing. 

ANHEUSER-Buscu, INc., St. Louis, Mo. 

Fellowships (one each) are maintained at: 

Kansas State College, for research on feeding of yeast to 
turkey poults. 

University of Missouri, for research on feeding of yeast to 
hogs. : 

Washington University, St. Louis, for research on the ge- 
netics of yeast. 
ANTHRACITE INDUSTRIES, INc., 101 Park Ave., New York, N. Y. 

A grant is made to Pennsylvania State College, for research on 
the generation of water-gas from anthracite coal, and for the de- 
velopment of commercial carbon from anthracite. $7200 an- 
nually. 

ARMOUR RESEARCH FOUNDATION, Chicago, III. 

See Chemical and Engineering News for annual report on Indus- 
trial Research Progress (1942-43, Jan. 10, 1944). 

ASHLAND OIL AND REFINING Co., Ashland, Ky. 

Two scholarships are maintained at the University of Ken- 
tucky, in mechanical engineering and industrial chemistry. 
$250 each, annually. 


Furnace performance 





182 


ASPHALT RooFING INDUSTRY BUREAU, 2 West 45th St., New 
York 19, N. Y. 

Research associate at the National Bureau of Standards. 
Project: Asphaltic roofing materials. 

AUTOMOBILE MANUFACTURERS’ ASSOCIATION, 320 New Center 
Bldg., Detroit, Mich. 

Research associate at National Bureau of Standards. 
Cooperative fuel research. 

BaBCcocK AND WILcox Co., 85 Liberty St., New York, N. Y. 

Fellowships are maintained at Massachusetts Institute of 
Technology, for research on refractories, heat transmission, and 
creep of steel. 

Baker, J. T., CHemicat Co., Phillipsburg, N. J. 

Analytical chemistry research fellowships (two), which may be 
assigned each year, one to an institution in the eastern territory, 
and one to an institution in the midwestern territory. For 
1942-43, assigned to: 

Purdue University. Stipend, $1000. 
Eastern area, unassigned. 
BATTELLE MemorIAL INSTITUTE, Columbus, Ohio. 

Fellowships (normally three) are maintained at Ohio State 
University for candidates for Ph.D. degree, for fundamental re- 
search in the fields of physics, chemistry, chemical engineering, 
metallurgy, ceramics, and fuels. During 1942-43 the investiga- 
tions have been concerned with metallic replacements from fused 
salt baths and the application of thermodynamic methods to 
such processes. Stipend, $600 each. Appointment is for 10 
months. Applications should be sent to Graduate School, Ohio 
State University, by March 1. 

Research associates (normally four supported by Battelle 
Memorial Institute, and others by industrial companies) are 
maintained for research on various fundamental and technical 
Stipend varies from $1200 to $1800, and appointment 
isforone year. Applicatious slivuld be sent to Clyde E. Williams, 
Director, Battelle Memorial Institute. Applications are re- 
ceived at any time; awards are usually made during June. 
BAUSCH AND Loms Optica Co., 635 St. Paul St., Rochester, 

N.Y. 
Grants are made to: 
University of Chicago, for research on visual performance of 
school children, $1500. 
Ohio State University, for research in visual science and 
optometry. $13,000 for three years. 
Brecu-Nut Packinc Co., Canajoharie, N. Y. 

A grant has been made to Northwestern University. 
BETHLEHEM STEEL Co., Bethlehem, Pa. 

Research programs are supported directly at: 

University of Michigan, for electroplating research and 
spectrographic analysis. 

Ohio State University, for refractories research. 

Pennsylvania State College, for refractories and metallurgi- 
cal research. 

Columbia University, for heat transfer research. 

Support to cooperative research programs includes: 

Coal Research Laboratory, Carnegie Institute of Technology. 
University of Illinois, for steel rail and wrought steel wheel 
research. 
Biruminous Coat Researcu, Inc., 804 Southern Building, 
Washington, D. C. 

Research on bituminous coal (constitution, utilization, mining, 
broadening of markets) at Battelle Memorial Institute, Coal 
Research Laboratory of Carnegie Institute of Technology, and 
the University of West Virginia. $98,000 a year. 

BLANDIN Paper Co., Grand Rapids, Minn. 

A grant of approximately $180 is made to the National Council 
for Stream Improvement, Pulp, Paper, and Paper Board Indus- 
tries, Inc. 

BREON, GEORGE A., AND Co., INc., 2503 Grand Ave., Kansas 
City, Mo. 

Fellowships (one each) are maintained at Iowa State Univer- 
sity and University of Missouri for chemical and pharmacological 
studies on new drugs. Stipends, $750-$800. 

Grants are made to the University of Minnesota and the Uni- 
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versity of Nebraska for research on cardiac drugs and sulfa drugs 

for topical application. Variable amounts. 

Casot, GopFREY L., INc., 77 Franklin St., Boston, Mass. 

A grant of $16,000 has been made to the Massachusetts Instj- 
tute of Technology for investigations of the fundamental struc. 
ture of natural rubber and synthetic elastomers, in both the re. 
inforced and unreinforced states. 

CaLcrum CHLORIDE AssocIATION, H. F. Clemmer, Acting Ad- 
viser (Engineer of Tests for the District of Columbia), Djs. 
trict Building, Washington, D. C. 

Research associates are maintained at: 

National Bureau of Standards. Project: Effect of calcium 
chloride on cements and concretes. (H. F. Clemmer.) 

West Virginia University. Project: Treatment of coal with 
calcium chloride. (R. A. Giddings, Secretary, Calcium Chlo- 
ride Association, Detroit, Mich.) 

CARROLL DUNHAM SMITH PHARMACAL Co., 350 Scotland Road, 
Orange, N. J. 

A fellowship is maintained at the New York University, De- 
partment of Therapeutics, College of Medicine, for research on 
sedatives, cardiacs, and antiluetics. Stipend, $6000. 

CARTER COAL Co., 630 Fifth Ave., New York, N. Y. 

A contribution is made to the Coal Research Laboratory, 
Carnegie Institute of Technology. 

CENTRAL SCIENTIFIC Co., 1700 Irving Park Road, Chicago, III. 

Industrial fellowships (two) are offered to students majoring in 
physics, awarded for one year’s tenure in the Research and De- 
velopment Department of the Central Scientific Co. Stipend, 
$1200 each. Apply to M. N. States at the above address. Ap- 
pointments are made by April 1. 

CEROPHYL LABORATORIES, Kansas City, Mo. 

Fellowships are maintained at: Cornell University—stipend, 
$1350. University of Wisconsin—stipend, $3000. University of 
Illinois—stipend, $1800. Massachusetts State College—stipend, 
$1200. 

Subjects of research: Nutritional research on dehydrated 
grasses; plant physiology relationships between plant growth 
and nutritional values. 

CHESAPEAKE AND OHIO RAILWAY Co., Cleveland, Ohio. 

A contribution is made to the Coal Research Laboratory, Car- 
negie Institute of Technology. 

CrBA PHARMACEUTICAL Propucts Corp., Summit, N. J. 

Fellowships or grants are assigned to: American Foundation 
for Tropical Medicine; Cornell University Medical College; 
Harvard Medical School; Massachusetts General Hospital; 
Mt. Sinai Hospital; New York Academy of Medicine; Univer- 
sity of Georgia, School of Medicine; Louisiana State Univeristy, 
School of Medicine; University of Minnesota, The Medical 
School; University of Missouri; University of Pennsylvania, 
Institute of Gynecologic Research; University of Rochester, 
Medical School; Wayne University, College of Medicine (two). 

Subjects of research: Investigations in endocrinology, phar- 
macology, and clinical medicine. 

CINCHONA Propuwcts INSTITUTE, INc., 10 Rockefeller Plaza, New 
York, N. Y. 

Grants are made to: 

Cornell University Medical College, for study on the action 
of cinchona alkaloids on experimental infections. $5000. 

New York University, for threefold investigation of absorp- 
tion and distribution, mode of action on myo-neural system, 
etc., and action on isolated enzyme systems of cinchona 
alkaloids. $21,000. 

Johns Hopkins University, for research on quinine and ma- 
laria in the Upper Mississippi Valley. $1500. 

Battelle Memorial Institute, for the study of industrial uses 
of cinchona alkaloids. $6000. 

Two fellowships for the study of cinchona are unassigned. 
CLEARFIELD BITUMINOUS COAL CorpP., Indiana, Pa. 

A contribution is made to the Coal Research Laboratory, Cat 
negie Institute of Technology. 

CLOVER SPLINT CoAL Co., Koppers Bldg., Pittsburgh, Pa. 

A contribution has been made to the Coal Research Labora- 
tory, Carnegie Institute of Technology. 
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CoLGATE PALMOLIVE-PEET Co., 105 Hudson St., Jersey City, 
N. J. 

Fellowships for dental and soap research are maintained at: 
Northwestern University; Polytechnic Institute of Brooklyn; 
Stanford University; University of Southern California. 
COMMERCIAL SOLVENTS CorpP., Terre Haute, Ind. 

Fellowships are maintained at: 

Northwestern University. Applications should be sent to 

C. D. Hurd, Department of Chemistry, Northwestern Uni- 

versity, Evanston, II. 

Purdue University (five). Applications should be sent to 

H. B. Hass, Head, Department of Chemistry, Purdue Univer- 

sity, Lafayette, Ind. 

University of Cincinnati, Kettering Laboratory of Applied 

Physiology. 

University of Wisconsin. Applications should be sent to 

C, A. Elvehjem, Department of Agricultural Chemistry, Uni- 

versity of Wisconsin, Madison, Wis. 


CONSOLIDATED Epison Co., Inc., 4 Irving Place, New York, 


N.. ¥- 

The company supports, through grants, research work at 
Cornell University and certain projects sponsored by Engineering 
Foundation. 

CONTINENTAL Om Co., Ponca City, Okla. 

Fellowships are maintained at: 

University of Illinois, for study of lubricants and lubrication. 

Stipend, $750. 

Oklahoma Agricultural and Mechanical College, for research 
on insecticides, fly spray, etc. Stipend, $750. 
CopPER AND BRASS RESEARCH ASSOCIATION, 420 Lexington Ave., 
New York 17, N. Y. 

Research projects on copper and brass are sponsored at: Na- 
tional Bureau of Standards; Battelle Memorial Institute; Uni- 
versity of Illinois. 

Corn INDUSTRIES RESEARCH FouNDATION, 5 East 45th St., New 
York. 17, N. ¥. 
Fellowships are maintained at: 
Indiana University, for studies on conjugated systems. 
Columbia University, for research on the sizes and shapes 
of starch molecules. 
Massachusetts Institute of Technology, for studies on the 
optical behavior of starch. 
Washington University, for research on enzymic synthesis of 
polysaccharides. 
Northern Regional Research Laboratory, for research on 
moisture relations in starch. 
Iowa State College of Agriculture and Mechanical Arts, for 
research on the structure of corn and cornstarch. 
University of Toronto, for research on branched chain struc- 
tures of starch. 
Columbia University, for studies on the enzymic reactions on 
starch. 
Member Company Laboratory, for research on starch paste 
characteristics. 
; Member Company Laboratory, for studies on carbon evalua- 
tion. 
Corn Propucts REFINING Co., 17 Battery Place, New York, 
N;. ¥ 


Fellowships (one each) are maintained at: 
New York State Experiment Station, for the determination 


of the relative sweetness of sugars. Stipend, $2000. 

University of California, College of Agriculture, Berkeley, 
for research in connection with the use of the company’s prod- 
ucts in dehydrated fruits, fruit juices, and vegetables in which 
sweetening agents are used. Stipend, $3000. 

Agricultural Research Foundation, Oregon State Agricul- 
tural College, Corvallis, for the study of dextrose, CSU, and 
other corn products on the freezing, preserving, and processing 
characteristics of fruit and other products. Stipend, $3100. 

State University of Iowa, for study of the chemistry of con- 
densation products of dextrose. Stipend, $800. 

Northwestern University, for research on the chemical re- 
actions of carbohydrates. Stipend, $850. 
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DEVOE AND RayNoLps Co., INnc., 787 First Ave., New York, 
N. Y. 

A fellowship is maintained at Lehigh University for research 
on paint and varnish. 

DOUGHNUT CORPORATION OF AMERICA, 393 Seventh Ave., New 
York, N. Y. 

A grant is made to Wayne University, for vitamin research on 
the doughnut as a nutritious food. $3500. 
Dow CHEMICAL Co., Midland, Mich. 

Fellowships are maintained at: 

University of Louisville, for research on protective coatings. 

Stipend, $500. 

Carnegie Institute of Technology, for the study of metallurgi- 
cal problems. $1300. 

A scholarship has been established at the Case School of Ap- 
plied Science, for the study of ethylcellulose. $150. 

Du Pont DE Nemours, E. I., AND Co., INc., Wilmington, Del. 

Postgraduate fellowships in chemistry and chemical engineer- 
ing, with a stipend of $750 each, are maintained at: Columbia 
University; Cornell University; Harvard University; Johns 
Hopkins University; Massachusetts Institute of Technology; 
Northwestern University; Ohio State University; Pennsylvania 
State College; Princeton University; Purdue University; Stan- 
ford University; University of California; University of Chicago; 
University of Illinois; University of Michigan; University of 
Minnesota; University of North Carolina; University of Penn- 
sylvania; University of Virginia; University of Wisconsin; 
Yale University. 

EASTMAN Konak Co., Rochester 4, N. Y. 

Six fellowships for graduate work are offered annually at vari- 
ous universities, for the study of chemistry and chemical engi- 
neering. 

Economics Lasoratory, Inc., 914 Guardian Bldg., St. Paul, 
Minn. 

A grant of $300 is made to the New York State Agricultural 
Experiment Station, Department of Bacteriology, Geneva, N. Y., 
for research on the cleaning and sterilization of eating utensils. 
EDIBLE GELATIN MANUFACTURERS RESEARCH SOCIETY OF 

AMERICA, INc., 55 West 42nd St., New York, N. Y. 

Fellowships (one each) are maintained at: 

Philadelphia College of Pharmacy and Science, for the study 
of gelatin in pharmaceuticals. Stipend, $1000. 

Massachusetts State College, for the study of gelatin in ice 
cream. Stipend, $1000. 

Grants (one each) are made to: 

University of Chicago, for the study of gelatin as substitute 
for blood plasma. $8350 a year. 
Michael Reese Hospital, Chicago, for the study of gelatin 
as substitute for blood plasma. $7906 a year. : 
Harvard College, for the study of gelatin as antithrombic 
agent. $2500 a year. 
ELECTRO METALLURGICAL Co., Metallurgical Laboratory, Royal 
Ave., Niagara Falls, N. Y. 

A fellowship is maintained at Battelle Memorial Institute for 
the study of uses of alloys. Correspondence should be addressed 
to G. C. Furness, Carbide and Carbon Building, 30 East 42nd 
St., New York, N. Y. 

ELECTRO REFRACTORIES AND ALLoys Corp., Vars Building, 
Buffalo, N. Y. 

A fellowship is maintained at Alfred University, for research on 
superrefractories. Stipend, $300. 
ExLcw NATIONAL WatcuH Co., Elgin, Ill. 

Fellowships for the study of watch technology are maintained 
at: Armour Research Foundation and Battelle Memorial Insti- 
tute. 

EMERSON Druc Co., Eutaw and Lombard Sts., Baltimore, Md. 

Chair of Bio-Assay is supported at the University of Maryland 
School cf Pharmacy. 

A fellowship is maintained at the University of Maryland 
School of Medicine, Department of Pharmacology. Stipend, 
$1500. 


Emu.Lsot Corp. See EPSTEIN, REYNOLDS, AND HARRIS. 
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EPSTEIN, REYNOLDS, AND Harris, 5 South Wabash Ave., Chicago, 
Ill.; Emusor Corp., 59 East Madison St., Chicago, Il. 

Fellowships are maintained at: 

Georgetown University Medical School, for research on the 
pharmacological properties of an interface modifier. Stipend, 
$600. 

Illinois Institute of Technology, for study of the reduction 
of bacterial contamination in frozen and dried egg products. 
Stipend, $1600. 

ETHYL GASOLINE Corp., Chrysler Bldg., New York, N. Y. 

Fellowships are maintained at: 

University of Cincinnati, for research in medicine. 

Brown University, for research in chemistry. 

Cornell University, for research in mechanical engineering. 

Duke University, for research in chemistry. 

Iowa State University, for research in chemistry. 

Louisiana State University, for research in chemistry. 

Massachusetts Institute of Technology, for research in 
chemical engineering. 

University of Michigan (two), for research in electrical and 
chemical engineering. 

University of North Carolina, for research in chemistry. 

University of Oklahoma, for research in chemical physics. 

Pennsylvania State College, for research in petroleum engi- 
neering. 

Piinceton University, for research in chemistry. 

Stanford University, for research in mechanical engi- 
neering. 

University of Texas, for research in petroleum engineering. 

University of Tulsa, for research in petroleum engineering. 

Wayne University (two), for research in chemistry. 

Yale University, for research in mechanical engineering. 

Purdue University (three), for industrial research. 

Stipend, $750 in most cases; $375 in two cases. 

FANSTEEL METALLURGICAL CorP., North Chicago, IIl. 

A fellowship is maintained at Battelle Memorial Institute, for 
research on tantalum and tantalum alloys. Stipend, variable; 
established on semiannual or quarterly basis. 

FEDERATION OF PAINT AND VARNISH PRODUCTION CLUBS, Ken- 
neth J. Howe, Chairman, care of Thibaut and Walker Co., 
Long Island City, N. Y. 

A fellowship is maintained at the University of Louisville. 
FIRESTONE TIRE AND RUBBER Co., Akron, Ohio. 

Fellowships are maintained at: 

University of Akron, for research on rubber chemistry. 
Stipend, $1000. 

University of Minnesota, for research on plant pathology. 
Stipend, $1000. 

Ohio State University, for research on synthetic rubber. 

Case School of Applied Science, for research on synthetic 
rubber. 

Research Associate at the National Bureau of Standards. 
Project: Ignition research. 

FREEPORT SULPHUR Co., 122 East 42nd St., New York, N. Y. 

Scholarships are maintained at: 

Tulane University, $1000. 

Louisiana State University (two) for male Cuban students 
in engineering or accounting, $750 each. 

Grants have been made to: 

Louisiana State University, for control of coccidiosis of 
chickens, $1500; insect control investigation of cotton, etc., 
$1000; soil acidification investigations, $275. 

Florida Agricultural Experiment Station, for poultry para- 
site control investigation, $800. 

New York Agricultural Experiment Station, for sulfur 
spray material investigations on apples, peaches, and cherries, 
$300. 

Agricultural Experiment Station, Cornell University, for 
sulfur spray equipment investigation on apples, peaches, and 
cherries, $300. 

Ohio Agricultural Experiment Station, for sulfur dust mixture 
investigations on truck crops, $350. 


Michigan Agricultural Experiment Station, for sulfur 
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spray material investigations on apples and cherries, $300, 

Agr:cultural Experiment Station of University of Minne- 
sota, for potato scab control investigations, $300. 

Georgia Agricultural Experiment Station, $1000. 

Texas Agricultural and Mechanical College, for goat dipping 
investigations, $500. 

Colorado, Wyoming, Nebraska, for potato psyllid control 
investigations, $150. 

Texas Agricultural Experiment Station, for black spot con- 
trol demonstrations of roses, $250; for soil sulfur in rose chloro- 
sis, $275. 

Virginia Agricultural Extension Service, for peanut dusting 
demonstrations, $100. 

North Carolina Agricultural Extension Service for peanut 
dusting demonstrations, $100; for peanut leafspot control 
investigations, $100. 

GENERAL ANILINE AND FILM CORPORATION, 230 Park Ave., 

New York, N. Y. 

Four fellowships are maintained at the following institutions: 

University of Illinois, for organic chemical research. Sti- 
pend, $750 annually. 

University of Texas, for organic chemical research. Stipend, 
$1000 annually and incidentals. 

Stevens Institute of Technology, for powder metallurgy re- 
search. Stipend, $5000 annually. 

Purdue Research Foundation, for the study of thermody- 
namic data on organic compounds. Stipend, and incidentals, 
$2000 annually. 

GENERAL ELEctric Co., 1 River Road, Schenectady, N. Y. 

Charles P. Steinmetz Memorial Scholarships (one, two, or three 
each year), at Union College, for engineering or academic courses. 
Stipend, up to $500; usually $250 or $375 annually for four years. 
GENERAL Foops Corp., Research and Development Department, 

11th and Hudson Sts., Hoboken, N. J. 

Fellowships (one each) are maintained at: 

Cornell University, for research on the nutritional value of 
frozen foods. Amount, $1200. 

University of Nebraska, for a survey of availability of waxy 
sorghum. Amount, $3000. 

Purdue University, for research on the improvement of 
wheat varieties. Amount, $5500. 

University of Illinois, for research on the improvement of 
white corn by breeding. Amount, $1200. 

GENERAL Rapio Co., 30 State St., Cambridge, Mass. 

Grants are made to: Harvard University; Massachusetts 
Institute of Technology; Northeastern University. 

GLIDDEN Co., 1396 Union Commerce Bldg., Cleveland, Ohio. 

Fellowships are maintained at: 

Northwestern University. Stipend, $1000. 

Cornell University. Stipend, $2500. 

GOoDYEAR TIRE AND RUBBER Co., 1144 East Market St., Akron, 

Ohio. 

Fellowships (one each) are maintained at: 

University of Akron, for research on rubber chemistry. 
Stipend, $1200. 

University of Florida, for research on pliofilm packaging. 

University of Iowa, for research on pliofilm packaging. 

GRIFFITH LABORATORIES, 1415 West 37th St., Chicago, Ill. 

Grants for biochemical and clinical research on human beings 
and animals relative to nutrition and chemotherapeutic products 
and for food research problems are made to: 

Northwestern University Medical School, $750. 

Wayne University Medical School, $1000. 

Howard University Medical School, $300. 

Department of Therapeutics, County Hospital, $600. 

University of Illinois, Department of Chemistry, $500. 

St. Luke’s Hospital, Chicago, Department of Surgery, $300. 

Gu tr Ort Corp., 3800 Gulf Bldg., Pittsburgh, Pa. 

Fellowships for research in physics, chemistry, geology, and 
engineering are maintained at: Massachusetts Institute of 
Technology; Pennsylvania State College; University of Chicago; 
University of Wisconsin; University of Minnesota; University 
of Texas; Agricultural and Mechanical College of Texas. 
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Stipend, standard grant, $900 (total for seven fellowships, 
$6500). 

HAMMERMILL PAPER Co., Erie, Pa. 

A grant is made to the Institute of Paper Chemistry, for re- 
search on pulp and paper processes. 

HarsHaw CuHeEmIcat Co., 1945 East 97th St., Cleveland, Ohio. 

Fellowships are maintained at: 

Western Reserve University (two), for research in inorganic 
chemistry. Stipend, $1200 each, annually. 

University of Wisconsin, for the study of fluorine chemistry. 
Stipend, $750 annually. 

Grants are made to: 

Ohio Agricultural Experiment Station, for study of the use of 
copper fungicides and nutritional sprays on vegetable and tree 
crops, $700. 

Cornell University for the New York Agricultural Experi- 
ment Station, for study of fungicides and disease control on 
plants with copper oxychloride sulfate, $700. 

Cornell University for the New York Agricultural Experi- 
ment Station, for study of nutritional sprays with soluble frits, 
manganese sulfate, etc., $300. 

Haskins LABORATORIES, INc., 1188 Avon Road, Schenectady, 

N.Y. ; 

Fellowships are maintained at: Harvard University (two); 
Massachusetts Institute of Technology; Union College. 

One or two fellowships in physics, chemistry, and/or biology 
each year will be announced specially, at irregular and infrequent 
intervals. 

Applications should be made to the Research Director, Haskins 
Laboratories, Inc. 

HERCULES PowpeEr Co., Delaware Trust Bldg., Wilmington, Del. 

Fellowships are maintained at: 

Institute of Paper Chemistry, $2500. 

Massachusetts Institute of Technology, $650. 

Polytechnic Institute of Brooklyn, $1800. 

Rhode Island State College, $500. 

Pennsylvania State College, $2500. 

University of Cincinnati, $3000. 

University of Delaware, $5500. 

University of*Oklahoma, $1400. 

Subjects: Paper chemistry, oxycellulose, polymer chemistry, 
chemical oxidation, chemistry of terpenes, terpene reactions, in- 
secticides, electrochemical reactions. 

Three scholarships with a stipend of $500 each have been es- 
tablished at the Institute of Paper Chemistry. 

HeYDEN CHEMICAL Corp., Garfield, N. J. 

Two fellowships are maintained at the University of Wisconsin 
for research on fermentation problems. 
HOBERG PaPER MIL Ls, Green Bay, Wis. 

A contribution is made to research at the Institute of Paper 
Chemistry. 

HyYNSON, WESTCOTT AND DuNNING, INC., 1030 North Charles St., 

Baltimore, Md. 

Fellowships are maintained at: 

Johns Hopkins University, Dunning Fellowship in Chem- 
istry. Stipend, $1000. 

University of Maryland, School of Pharmacy, Dunning 
Fellowship. Stipend, $1000. 

Washington College, Dunning Fellowship. Stipend, $1000. 
Grants are made to: 

Johns Hopkins University, for research on isotope separation, 
$5000. 

Johns Hopkins University, Department of Chemistry, for 
student research, $1000. 

Johns Hopkins Hospital, Brady Clinic, research, $2000. 

Johns Hopkins University, for special gas research, $2000. 

Johns Hopkins University, sustaining, $3500. 

ILtinois CLay Propucts Co., 214 Barber Bldg., Joliet, Ill. 

: A scholarship is maintained at the Illinois State Geological 
Survey, University of Illinois, for research on mineralogy and 
bonding properties of fire clays. Stipend, $6000. 

INNIS SPEIDEN AND Co., 117 Liberty St., New York, N. Y. 

Fellowships are maintained at: 
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Cornell University, for research on Larvacide (chlorpicrin) 
for soil disinfection. Stipend, $1400. 

Boyce-Thompson Institue for Plant Research. Stipend and 
incidentals, approximately $7000. 

INSTITUTE OF GAS TECHNOLOGY, 3300 Federal Street, Chicago, 

Ill. 

Member companies (sixty) support the Institute, which offers 
21 fellowships at the Illinois Institute of Technology, each with a 
stipend of $1400. The subjects of research are basic problems of 
interest to the gas industry, including the manufacture of fuel 
gas, combustion of gases of all kinds, heat transfer and related 
problems, and chemical processes related in some manner to gas 
production or utilization. 

JEWELL RipceE Coat Corp., Tazewell, Va. 

A contribution is made to the Coal Research Laboratory, 
Carnegie Institute of Technology. 

JONES AND LAUGHLIN STEEL Corp., Jones and Laughlin Bldg., 

Pittsburgh, Pa. 

A grant for the company’s research is made to Pennsylvania 
State College, for cooperative research in metallurgy, $250. 

Work being done for the company on a paid basis is being 
handled at University of Michigan, University of Pittsburgh, and 
Pennsylvania State College. 

A contribution has been made to the Coal Research Laboratory, 
Carnegie Institute of Technology. 

KELLOGG Co., Battle Creek, Mich. 

Cooperative research is carried on at: Michigan State College; 
University of Illinois Medical School; University of Notre Dame. 
KeE.toce, M. W., Co., 225 Broadway, New York, N. Y. 

A grant is made to Princeton University for research on cataly- 
sis. 

KNox, CHARLES B., GELATIN Co., INc., Johnstown, N. Y. 

Grants are made to: 

University of Pennsylvania, Harrison Dept. of Surgical Re- 
search, for research on blood substitutes. 

University of Louisville Medical School, Dept. of Physiology, 
for research on blood substitutes. 

Bowman Gray School of Medicine, Dept. of Physiology and 
Pharmacology, for research on blood substitutes. 

Johns Hopkins University, School of Hyziene and Public 
Health, Dept. of Biochemistry, for research of the chemistry of 
proteins and amino acids. 

University of California, Dept. of Medicine, for dietary 
studies. 

Koppers Co., Reseaich Dept., Koppers Bldg., Pittsburgh, Pa. 

Fellowships are maintained at: 

University of Delaware, for research on fungicides. 

University of Illinois, for research on insecticides. 

University of Minnesota, for research on weed killers, 

A contribution is made to the Coal Research Laboratory, 
Carnegie Institute of Technology. 

LAMBERT PHARMACAL Co., St. Louis, Mo. 

Grants (one each) are made to: 

Northwestern University Dental School, for the study of 
mouth odors, $5000. 

New York Post-Graduate School and Hospital, for the 
study of filtrable viruses, $5000. 

American Foundation for Tropical Medicine, Inc., $1000. 

LATROBE ELECTRIC STEEL Co., 2626 Ligonier St., Latrobe, Pa. 

A grant is made to the Pennsylvania State College, for research 
on tool steel. 

LEDERLE LABORATORIES, INC., 30 Rockefeller Plaza, New York, 

N. Y. 

Forty subventions or fellowships are maintained with universi- 
ties, clinics, medical schools, and private workers for research in 
medical and veterinary medicine projects, especially biologicals, 
involving annual stipends up to $5000 yearly. 

LEVER BROTHERS Co., 164 Broadway, Cambridge, Mass. 

Fellowships for research in organic chemistry with a stipend for 
each under $5000 are maintained at: Stanford University; 
Pennsylvania State College; Massachusetts Institute of Tech- 
nology; University of Southern California. 

Litty, EL1, AND CoMPANY, Indianapolis, Ind. 
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Fellowships are maintained in several universities and medical 
schools throughout the country. 

LITHOGRAPHIC TECHNICAL FOUNDATION, INC., 220 East 42nd St., 
New York, N. Y. 

Fellowships (two) are maintained at the University of Cin- 
cinnati, for research on the drying of ink. Stipend, $1500. 
Applications for the fellowships should be sent to R. F. Reed, 
Director, Dept. of Lithographic Research, University of Cin- 
cinnati, by April 1. 

Research associate at the National Bureau of Standards, for 
research on lithographic paper. Stipend, $1800. 

LOUISVILLE AND NASHVILLE RAILROAD, Louisville, Ky. 

A contribution is made to the Coal Research Laboratory, 
Carnegie Institute of Technology. 

LOUISVILLE PAINT, VARNISH AND LACQUER ASSOCIATION, 922 
Heyburn Bldg., Louisville 2, Ky. 

A fellowship is offered at the University of Louisville, Speed 
Scientific School, for research on paint and varnish chemistry. 
Stipend, $300. 

McNet. LABORATORIES, INc., 2900 North 17th St., Philadelphia, 
Pa. 

Grants are made to: 

Ohio State University Hospital, for a study of gall bladder 
and liver complications. 

Research Institute, Lankenau Hospital, Philadelphia, for a 
study of the metabolism of the sulfur-containing amino acids. 

Jefferson Medical College, Philadelphia, for a study of 
barbituric acid derivatives. 

MASONITE CorpP., Laurel, Miss. 

Fellowships for research in wood chemistry and related fields 
are maintained at: 

Institute of Paper Chemistry. Stipend, $2000 a year. 

Polytechnic Institute of Brooklyn. Stipend, $4700 a year. 

May, Eart E., SEED Co., Shenandoah, Iowa. 

A grant is made to Iowa State College, for the study of basic 
problems relating to the growth and development of the corn of 
Mexico and Central and South America, and the contribution the 
corn of those areas may be able to make to the United States. 
$75,000, for five years. 

MELLON INstITUTE, 4400 Fifth Ave., Pittsburgh, Pa. 

See Chemical and Engineering News for annual report on In- 
dustrial Research Progress (1942-43, April 10, 1943). 

MercK & Co., INc., Rahway, N. J. 

Fellowships or grants are maintained at: 

American Veterinary Medical Association, for medical re- 
search at the University of Minnesota, $2400. 

Columbia University, for chemical research, $1800. 

Research Corporation, for chemical research at Massachu- 
setts Institute of Technology, $1000. 

Rhode Island State College, for chemical research, $500. 

Rutgers University, for entomological research, $4000; for 
microbiological research, $1500. 

Saranac Laboratory, for the study of tuberculosis, $1500. 

Stanford University, for microbiological research, $1500. 

University of California, Los Angeles, for chemical research, 
$2500. 

University of Georgia, for medical research, $300. 

University of Minnesota, for chemical research, $5000. 

University of Virginia, for chemical research, $1000. 

MERRELL, WILLIAM S., Co., Lockland Station, Cincinnati 15, 

Ohio. 

The company has allotted $100,000 for research fellowships at 
the following universities during the year 1943-44: 

Laboratory Research Fellowships, for the study of synthetic 
medicinals at: Cornell University; University of Illinois, 
University of Indiana; University of Louisville; University of 
Michigan; University of Nebraska; University of North Caro- 
lina; Ohio State University. 

Laboratory Research Fellowships at: University of Cincin- 
nati, for the study of vitamins; Kansas State University, for 
the study of vaccines; Temple University, for the study of 
vaccines. 

Clinical Research Fellowships, for the study of synthetic 
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medicinals at: Chicago Maternity Center; University of Cin- 

cinnati; Harvard University; University of Louisville; Penn- 

sylvania Hospital; Philadelphia Post Graduate Hospital: 

Wayne University; Washington University. 

METAL Hypriwes, INc., 12-24 Congress St., Beverly, Mass. 

A scholarship is maintained at Boston University, for research 
on titanium hydride. Stipend, $1000. 

MIcHIGAN Gas AssocIATION, Grand Rapids, Mich. 

A fellowship is maintained at the University of Michigan, for 
research in gas engineering. Stipend, $750 ($500 to holder, $25) 
for expenses). 

Mipwest RUBBER RECLAIMING Co., East St. Louis, III. 

A research project is supported at Massachusetts Institute of 
Technology, for a five-year investigation of the whole reclaiming 
process, including natural and synthetic rubber, under the full- 
time direction of D. S. le Beau, supervised by Ernst Hauser. 
MonSsanTo CHEMICAL Co., St. Louis, Mo. 

Fellowships (eight) are maintained at: 

Polytechnic Institute of Brooklyn, for research in polymer 
chemistry. Stipend, $1500. 
Princeton University, Depts. of Chemistry and Chemical 

Engineering. Stipend, $1000. 

Purdue Research Foundation, for research in organic chemis- 
try. Stipend, $2500. 

University of Cincinnati, for toxicological research. Stipend, 
$12,000. 

University of Illinois, for research on insecticides. 
$4500. 

University of Illinois, for organic research. Stipend, $750. 

University of Michigan, for organic research. Stipend, 
$1200. 

University of Wisconsin, for organic research. 
$750. 

A contribution has been made to the Coal Research Laboratory, 
Carnegie Institute of Technology. 

Montour RaILroaD Co., 1443 Oliver Bldg., Pittsburgh, Pa. 

A contribution has been made to the Coal Research Laboratory, 
Carnegie Institute of Technology. 

MoorMAN MANUFACTURING Co., Quincy, IIl., and Hoover- 
MASON PHospHaTE Co., Chicago, II]. 

A fellowship is maintained at Purdue University, for research 
ou fluorine metabolism of sheep. Stipend, $1000. 

MorGAN CONSTRUCTION Co., 15 Belmont St., Worcester 5, 
Mass. 

Scholarships (four) have been established at Worcester Poly- 
technic Institute for research in engineering. Full tuition. 
Morris, PHILIP, AND Co., Lrp., Inc., 119 Fifth Ave., New York, 

Naw. 

A fellowship is maintained at the College of Physicians and 
Surgeons, Columbia University, for research on the physiological 
effects of smoking. Stipend, $3500. 

NATIONAL CANNERS ASSOCIATION, 1739 H St., N. W., Washing- 
ton; D.C. 

Grants are made to: University of Wisconsin; Pennsylvania 
State College; University of Chicago. 

Grants on nutrition studies are supported jointly by the 
Association and the Can Manufacturers Institute. Total grants, 
$17,645 (1943-44). Total cost of project, $50,000. 

A grant is made to the University of Chicago, for studies on 
food poisoning, $1500. 

NATIONAL CARBON Co., INnc., General Research Laboratory, 
1280 West 78rd St., Cleveland, Ohio. 

A fellowship is maintained at New Jersey Agricultural Experi- 
ment Station, Rutgers University, for development of improved 
insect repellants. Correspondence should be addressed to G. C. 
Furness, Carbide and Carbon Building, 30 East 42nd St., New 
York, N. Y. 

NATIONAL CHEESE INSTITUTE, Chicago, III. 

Grants are made to: University of Wisconsin; New York 
State Experiment Station, Geneva. 

Subjects of research: Digestibility of cheese, $2000; chemistry 
and bacteriology of the ripening of Cheddar cheese made from 
raw and pasteurized milk, $2000; nature and control of insects 
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affecting cheese, $4235; pasteurization of cheese, its effect on 
quality and bacteria, $3000. 
NATIONAL FERTILIZER ASSOCIATION, INC., 616 Investment Bldg., 

Washington, D.C. 

A grant is made to the University of California, for research on 
soils and plants, $300. 

NaTIONAL LEAD Co., TiITANrIUuM Drviston, Box 58, South Amboy, 

N.J- 

Fellowships are maintained at: 

Columbia University, for research on the chemistry of 
titanium. Stipend, $4000 for two years. 

Stevens Institute of Technology, for research in powder 
metallurgy. Stipend, $200 per month. 

NATIONAL LIME ASSOCIATION, 927 15th St., N. W., Washington 5, 

DG. 

Fellowships are maintained at: 

Massachusetts Institute of Technology, fot studies in: 
(1) hydrated lime substitutions in concrete including effects on 
compressive strength, volume changes, absorption and perme- 
ability resistance to wear or abrasion, durability or resistance 
to freezing and thawing; (2) volume changes, workability and 
durability of lime-cement mortars; (3) development of a 
mechanical method of measuring relative workabilities of con- 
crete mixes. Stipend, $5000 for fiscal year 1943-44. 

University of Illinois, for x-ray and electron microscope 
studies of lime and its properties. Stipend, $860 for fiscal year 
1943-44. 

National Bureau of Standards, masonry mortar research in- 
vestigation, the purpose of which is to obtain information on 
the relations between the composition and physical properties 
of mortars made of selected materials and the qualities essen- 
tial for satisfactory performance in masonry; to develop data 
useful in the formulation of specifications for mortars and 
mortar materials; and to devise methods of using mortars and 
mortar materials. Stipend, $8000 for the fiscal yea1 1943-44. 

NATIONAL LivE StocK AND Megat Boarp, 407 South Dearborn 

St., Chicago, Ill. 

Grants for 1948-44 have been made to: 

University of Chicago (two), for the study of the influence of 
dietary protein upon the regeneration of blood proteins, and the 
resulting capacity to fabricate antibodies; for the study of the 
retention of B vitamins in braising beef 

University of Wisconsin (two), for the investigation of the 
amino acid content of meats; for research on the vitamin con- 
tent of meats and the nutrition of vitamins during cooking. 

University of Nebraska, for the study of blood regeneration 
in women blood donors. 

Texas Agricultural Experiment Station, for research on the 
retention of B vitamins during the roasting of meat. 

University of Minnesota (two), Division of Physiological 
Chemistry, for research on fat metabolism and essential un- 
saturated fatty acids; Medical School, for research on fat 
metabolism in relation to human nutrition. 

University of Arkansas, School of Medicine, for research on 
nutritional cytopenia and vitamin M in the nutrition of the 
monkey, and related studies. 

NATIONAL Ort Propucts Co., INc., First and Essex Sts., Harri- 

son, N. J. 

Fellowships (two) are maintained at: 

Harvard Medical School, for dermatological 
Stipend, $4000 a year. 

Lehigh University, for research in tanning. Stipend, $4000 a 
year, 

NATIONAL SAND AND GRAVEL ASSOCIATION, 951 Munsey Bldg., 

Washington, D.C. 

A fellowship for two years which leads to a Master of Science is 
maintained at the University of Maryland, for research on the 
Properties and uses of mineral aggregates. Stipend, $600 per 
year, plus incidentals. No appointment for the period 1942-44. 
Funds have been set aside to continue the fellowship as soon as 
tmergency conditions permit. 

NeENAH Paper Co., Neenah, Wis. 


research. 
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A scholarship is offered at the Institute of Paper Chemistry, 
for research on paper’chemistry. $700 annually. 
NEKooSA-EDWARDS PAPER Co., Port Edwards, Wis. 

A grant is made to the Institute of Paper Chemistry. 
NORFOLK AND WESTERN RAILWay Co., Roanoke, Va. 

A contribution is made to the Coal Research Laboratory, Car- 
negie Institute of Technology. 

NORWICH PHARMACAL Co., Norwich, N. Y. 

Two fellowships are maintained at Syracuse University, for the 
study of synthetic antibacterial agents. Total yearly grant, 
$2500. 

Novoco, CHEMICAL MANUFACTURING Co., INC., 2921 Atlantic 
Ave., Brooklyn, N. Y. 

Grants (two) have been made to the New York University 
College of Medicine, for evaluation of properties of a new anes- 
thetic synthesized in the Novocol laboratory, and for study of the 
effect of spinal anesthetics on local nervous tissue. Approxi- 
mately $3000 and $1000. 

NUTRITION FOUNDATION, INc., Chrysler Building, New York, N. Y. 

The Foundation, whose membership consists of food and re- 
lated manufacturers, supports 72 research studies in 38 institu- 
tions of the United States and Canada. During 1943 the grants 
will amount to more than $159,750. 

Ou10 CHEMICAL AND Mrc. Co., 60 East 42nd St., New York, 
N.Y. 

A fellowship is maintained at the University of Maryland, 
Department of Pharmacology, School of Medicine, for research 
on anesthetics. Stipend, $4000. 

ONEIDA, Ltp., Oneida, N. Y. 

A contribution of $50 to $100 a year is made to a research 
project. 

OwENS-CORNING FIBERGLAS CorpP., Toledo, Ohio. 

For research on basic glass and refractory problems, and physi- 
cal property measurements of Fiberglas products, grants of 
$5000 to $10,000 a year are made to: Massachusetts Institute of 
Technology; Ohio State University; Pennsylvania State Col- 
lege; Purdue University; University of Minnesota. 

PaRKE, Davis AND Co., Detroit 32, Mich. 

Fellowship grants are maintained at: University of California; 
University of Cincinnati; Columbia University; Harvard Uni- 
versity; University of Illinois; University of Iowa; Iowa State 
College; Johns Hopkins University; Louisiana State University; 
University of Michigan; Michigan State College; Massachu- 
setts Institute of Technology (Research Corp.); University of 
Missouri; University of Nebraska; Northwestern University; 
Pennsylvania State College; University of Texas; Wayne Uni- 
versity; University of Wisconsin. 

PENNSYLVANIA COAL AND COKE Corp., 70 East 45th St., New 
York, N. Y. ° 

A contribution is made annually through the Central Pennsyl- 
vania Coal Producers’ Association to support research carried 
on at Pennsylvania State College. 

PENNSYLVANIA RAILROAD Co., Room 908, Pennsylvania Station, 
Pittsburgh 22, Pa. 

A contribution is made to the Coal Research Laboratory, Car- 
negie Institute of Technology. 

PrizER, Cuas., & Co., Inc., 81 Maiden Lane, New York, N. Y. 

Grants have been made to: 

Spies Nutrition Clinic, for nutrition research, $3000. 
Wayne University, for studies on the effect of continued 
low-dosage administration of fumarates, $4800. 
Western Pennsylvania Hospital, Institute of Pathology, for 
research on ascorbic acid versus the common cold, $4000. 
PITTSBURGH AND FatRMONT Coat Co., First National Bank 
Bldg., Pittsburgh 22, Pa. 

A contribution is made to the Coal Research Laboratory, 
Carnegie Institute of Technology. 

PITTSBURGH Coat Co., Oliver Bldg., Pittsburgh, Pa. 

Four scholarships are maintained at Pennsylvania State Col- 
lege, for study of mineral industries. $350 each, annually. 
PocaHONTAS FuEL Co., INc., 1 Broadway, New York, N. Y. 

A contribution is made to the Coal Research Laboratory, Car- 
negie Institute of Technology. 
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PorRTLAND CEMENT ASSOCIATION, 33 West Grand Ave., Chicago, 

Ill. i 
Research associate at the National Bureau of Standards. 

Project: Constitution and hardening of portland cement. 
PoTLATCH Forests, INc., Lewiston, Idaho. 

Fellowships (two) are maintained at the School of Forestry, 
University of Idaho, for research in wood utilization of sawmill 
and planer mill wastes through coalescence. Stipend, $400 each. 
Applications should be sent to the Dean, School of Forestry, 
University of Idaho, Moscow, Idaho. 

RauR MALTING Co., Manitowoc, Wis. 

This company participates through the United States Malt- 
sters’ Association in the support of work carried on by the Malt 
Research Institute of the University of Wisconsin, and also in the 
program of the Northwest Crop Improvement Association. The 
annual cost to this company exceeds $1000. 

ROCHESTER & PITTSBURGH COAL Co., Indiana, Pa. 

Annual contributions are made to the Coal Research Labora- 
tory, Carnegie Institute of Technology and to the Battelle Memo- 
rial Institute. 

RUMFORD CHEMICAL WorkKs, 9 Newman Ave., Rumford, R. I. 

Occasional grants are made to various universities and insti- 
tutions for research on food products and heavy chemicals. 
$1500 to $3000 annually. 

SCHENLEY DisTILLers Corp., 350 Fifth Ave., New York, N. Y. 

Three grants are made to three universities for research on vita- 
mins, distillers’ by-products in poultry rations, biochemistry, and 
penicillin, $18,300. 

SCHLITz, JOSEPH, BREWING Co., 235 West Galena St., Milwau- 
kee, Wis. 

A grant is made to the University of Illinois. $1200 annually. 
SEAGRAM, JOSEPH E., AND Sons, INc., Seventh Street Road, 

Louisville, Ky. 

Eight fellowships are maintained at the following institutions: 

Purdue University (three), for the study of distilJers’ dried 
solubles as a supplement in the rations of poultry and farm 
animals; the nutritional value of distillers’ dried grain as a 
source of protein; the clarification of mash before fermentation. 
Stipend, $545 each. 

Purdue Research Foundation, for research on evaporators. 
Stipend, $1250. 

Indiana University (three), for research on the effect on the 
vital organs of chicken fed rations containing distillers’ dried 
solubles with high levels of soybean oi] meal, wheat, etc.; 
hydrolysis of starches by sulfurous acid and carbon dioxide; 
the investigation of the physiology of distillers’ yeast. Sti- 
pends, $600 each. 

University of Kentucky, for the study of corrosion of dryer 
house equipment. Stipend, $600. 

A grant is made to Yale University, Laboratory of Applied 
Physiology, for the study of the physiological effect of distilled 
spirits. $12,000. 

Sixteen active scholarships with grants of $1100 each are main- 
tained at: Johns Hopkins University; University of Louisville; 
Purdue University; University of Kentucky; University of 
North Carolina; Goucher College; Indiana University. 

SEARLE, G. D., AND Co., Box 5110, Chicago 80, IIl. 

Fellowships, both chemical and clinical in nature, are main- 
tained at several universities and medical schools. 
SHarP & Doug, Glenolden, Pa. 

Fellowships and grants in organic chemistry and biochemistry 
and for clinical and pharmaceutical research are maintained in a 
number of universities and medical schools. 

SHARPLES CHEMICALS, INC., 23rd and Westmoreland Sts., Phila- 
delphia, Pa. 

Fellowships (three) are maintained at the Kansas State College 
of Agriculture and Applied Science. 

SHELL CHEMICAL Co., Shell Building, 100 Bush St., San Fran- 
cisco, Calif. 

Fellowship for study of the process of fertilization with anhy- 
drous ammonia introduced into irrigation water is maintained 
at the University of Arizona. Stipend, $1000, plus expenses to 
a total of $300. 
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Grant in aid. University of California, $1300. 

A grant is made to the University of California for study ani 
development of a process for fertilizing by direct injection of am. 
monia gas into soil without the use of irrigation, $500. 
SHERWIN WILLIAMS Co., 101 Prospect Ave., N. W., Cleveland, 

Ohio. 

Fellowships are maintained at: 

Ohio State University, for research on insecticides. 
$10,000 a year. 
Western Reserve University, for research on drying oil 

Stipend, $2500 a year. 

SMITH, KLINE AND FRENCH LABoraTorIEs, 105 North Fifth St, 
Philadelphia, Pa. 

Grants are made to universities, usually for medical or chemica| 
research. 

SOUTHERN COAL AND COKE Co., 1511 Hamilton Bank Bidg 
Knoxville, Tenn. 

A contribution is made to the Coal Research Laboratory, Car. 
negie Institute of Technology. 

SPpERRY Gyroscope Co., INc., Clinton Road and Stewart Ave, 
Garden City, N. Y. 

A grant is made to Stanford University, for high frequency 
research. 

Sourss, E. R., AND Sons, New York, N. Y. 

Fellowships are maintained at: Johns Hopkins University 
Long Island College of Medicine; New York University; Uti. 
versity of Nebraska. 

Research has reference to the national war effort. 
STANDARD BRANDS, INCc., 595 Madison Ave., New York, N. Y. 

Fellowships are maintained at: University of Texas; Univer 
sity of Iowa; Ohio Agricultural Experiment Station. 

Grants are made to: New York University, Nutrition Research 
Fund; Hillman Hospital; National Farm Chemurgic Council 
Malt Institute; American Institute of Baking. 

STANDARD Ot COMPANY OF CALIFORNIA, 225 Bush Street, Sat 
Francisco, Calif. 

Fellowships are maintained at: 

California Institute of Technology, for the study of phase lx 
havior in hydrocarbon systems. Stipend, $850. 

Stanford University, for research in engineering. Stipend, 
$800. 

Oregon State College, for research in the field of internal 
combustion engine lubrication and fuels. Stipend, $750. 

University of Washington, for research in salts and their 
solutions of higher alkyl sulfonates. Stipend, $750. 

University of Texas, for advanced study in the field of ge 
ology and geophysics. Stipend, $800. 

University of Michigan, for the study of multiple liquid 
phases in hydrocarbon systems. Stipend, $800. 

Massachusetts Institute of Technology, for advanced study 
in chemical engineering. Stipend, $1500. (This fellowshiy 
is usually awarded directly by the Company to one of its em 
ployees.) 

Grants are made to: 

University of California, Los Angeles, for advanced study 
the field of geology and geophysics. Stipend, $800. 
University of California, Berkeley (three), for advance 
study in the fields of fluid mechanics, thermodynamics atl 
heat transfer, and chemical engineering. Stipends, $800 eaci 
STANOLIND O1L AND Gas Co., Tulsa, Okla. 

A fellowship is maintained at the University of Texas, for 
search on oil well drilling fluids. Stipend, $600. 

STEARNS, FREDERICK, AND Co., 6533 East Jefferson Ave., Dt 
troit, Mich. 

Fellowships are maintained at: University of Michigal 
Wayne University; College of Physicians and Surgeons, S#! 
Francisco. 

A grant is made to Eloise Hospital, Eloise, Micli., and to We! 
Virginia University. 4 
STern, HALL AND Co., INc., 285 Madison Ave., New York, N. Y 

in conjunction with Srein-HALL MANUFACTURING Co., 284! 
South Ashland Ave., Chicago, Il. 
A fellowship is maintained at the Institute of Paper Chet 


Stipend, 
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istry, for research on the application of starches to paper. 
SronsGA CoKE & Coat Co., 2500 Fidelity-Philadelphia Trust 

Bldg., Philadelphia 9, Pa. 

A contribution of $500 is made annually to the Coal Research 
aboratory, Carnegie Institute of Technology. 
STRUCTURAL CLAY Propucts INSTITUTE, 1756 K St., N. W., 

Washington, D. C. 

Fellowships are maintained at: 

Iowa State College, for investigation of tensile bond strength 
between grout and brick and for moisture penetration tests on 
masonry wall panels. 

Virginia Polytechnic Institute, for the study of the effect of 
brick texture upon the bond between mortar and brick. 

University of Wisconsin, for the study of the effect of various 
mortar properties on the bond between mortar and brick. 

University of Illinois, for tests to determine the strength of 
bond between mortar and reinforcing steel and for the study of 
the effect of admixtures on bond strength between mortar and 
reinforcement. 

Research associate is maintained at the National Bureau of 
Standards. Project: Research in clay products. 
SWENSON EvAPoRATOR Co., Division of Whiting Corp., Harvey, 

Ill. 

Two scholarships are maintained at the University of Michigan, 
for research in filtration and evaporation, $7200. 

A grant is made to the University of Michigan, for the study of 
the mechanism of scale formation, $25,000. 
Swirt AND CoMPANY, UNION Stock Yarps, Chicago, II]. 

Fellowships are maintained at: 

University of Pittsburgh, for fundamental studies of fats and 
oils. 

University of Texas, for research on unknown food factors 
in meat. 

Cornell University, for research on the riboflavin content of 
foodstuffs and the effect of processing methods and cooking 
upon it. 

University of Nebraska, for studies on nutritional anemia in 
pregnant and lactating women. 

University of Minnesota, for studies on the relation of diet to 
fatigue. : 

University of Chicago, for studies on the relation of diet to 
longevity. 

Columbia University, for research on protein enrichment of 
the dietary; phosphorus and riboflavin. 

University of California, for research on amino acid require- 
ments of the chick. 

University of Wisconsin, for studies on the significance in 
normal nutrition of the newer members of the vitamin B com- 
plex, especially biotin and the norite eluate factor from liver. 

University of Georgia, for research on avitaminoses. 

Pennsylvania State College, for research on the effect of cook- 
ing and processing on vitamins in pork. 

University of Chicago, for research on parenteral nutrition. 

Kansas State College, for studies on the nutritive properties 
of dried eggs. 

University of California, for a study of the effect of liver 
damage produced by low protein diets on the utilization of 
carotene as provitamin A. 

University of Rochester, for studies on meat protein intake 
and efficiency. 

Harvard Medical School, for research on the optimal nutri- 
tion that may be provided by parenteral fluid therapy. 

North Carolina State College, for studies on meat packing 
by-products as sources of cystine in swine rations. 

University of Manitoba, for the assay of thiamin values of 
Canadian foods. 

Macdonald College (branch of McGill University), for 
Studies on the stabilization of animal and vegetable fats and oils 
by the addition of antioxidants, with particular reference to 
the stability of vitamin A. 

University of Toronto, for studies on mineral, total ash, and 
calcium content of Canadian vegetables. 

University of Western Ontario, for the study of amino acids 
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in diet, specific references to Arginine to reproduction. 

Acadia University, for a study of the thiamin content of some 
representative foods as commonly served. 

TANNERS CounciL LABORATORY, INSTITUTE OF SCIENTIFIC 

RESEARCH, University of Cincinnati, Cincinnati, Ohio. 
Industrial fellowships (six), donated by industries. Subject: 

Applied science in tanning research. Stipends: four at $1000; 
two at $500. 

Scholarships (two). Stipends, deletion of all fees. 

Applications should be sent to the director of research. 
TECHNICAL ASSOCIATION OF THE PULP AND PAPER INDUSTRY, 

122 East 42nd St., New York, N. Y. 

Grants are made for research as follows: 

Institute of Paper Chemistry, $2000. 

Massachusetts Institute of Technology, $650. 

TENNESSEE CopPER Co., Copperhill, Tenn. 

Grants (14) are made to Agricultural Experiment Stations of 
the following states: Delaware, Florida, Georgia, Louisiana, 
Michigan, New Jersey, New York, North Carolina, Ohio, Penn- 
sylvania, Virginia, and to the Ohio State University. 

Subjects of research: Research on testing and evaluation of 
copper fungicides used in spray and dust mixtures for control of 
plant diseases, and research on use of metallic salts for correct- 
ing minor element soil deficiencies. 

TENNESSEE Propucts Corp., 412 American National Bank Bldg., 

Nashville, Tenn. 

A scholarship is offered at Vanderbilt University, for research 
on the composition of hardwood tars. 

TExAS COTTONSEED CRUSHERS’ ASSOCIATION, INc., 709 Praeto- 
rian Bldg., Dallas 1, Texas. 

Funds have been set aside for fellowships at the Agricultural 
and Mechanical College of Texas, for research in dairy cattle 
feeding, and at the Texas Technological College, for research in 
feeding of beef cattle. 

Texas GuLF SULPHUR Co., INc., 75 East 45th St., New York, 

N.. ¥, 

Two fellowships are maintained at the Agricultural and Me- 
chanical College of Texas, Division of Plant Pathology, Physiology, 
and Entomology, for research on the use of sulfur in controlling 
diseases and insects on cotton and fruit. 

Grants are made to: 

Alabama Polytechnic Institute, for research on the function 
of sulfur in fertilizers and in plant growth. 

Cornell University, Entomological Division, for research on 
the use of sulfur for control of livestock insects. 

University of California, Division of Entomology and Para- 
sitology, for research on the use of sulfur and sulfur compounds 
as insecticides for the control of insects on cotton and alfalfa. 

TEXTILE COLOR CARD ASSOCIATION OF AMERICA, INC., 200 Madi- 

son Ave., New York, N. Y. 

Research associate is maintained at the National Bureau of 
Standards. 

TEXTILE FOUNDATION, Industrial Building, National Bureau of 

Standards, Washington, D. C. 

Research associates are maintained at the National Bureau of 
Standards. Project: Fundamental research on silk, wool, and 
cellulosic fibers. 

TIMKEN ROLLER BEARING Co., Canton 6, Ohio. 

Grants have been made to: 

Battelle Memorial Institute, for investigation of surface 
films on steel, $6000. 

University of Michigan, for development of steels for high 
temperature service, $10,000. 

Union Ort COMPANY OF CALIFORNIA, Union Oil Bldg., Los 

Angeles, Calif. 

Grants are made to: 

American Petroleum Institute, for fundamental research on 
several projects, $3000. 

Pennsylvania State College, School of Mineral Industries, for 
research on petroleum production, $1500. 

Unitep Druc Co., 43 Leon St., Boston, Mass. 

A grant is made to Massachusetts Institute of Technology, for 

research on vitamin A synthesis, $1000. 
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U. S. CANE SuGaR REFINERS, J. M. Brown, Secretary of Com- 
mittee, 333 Medford St., Charlestown, Mass. 

Research associate is maintained at National Bureau of Stand- 
ards. Project: Determination of the functions of bone char. 
UNITED STATES STEEL Corp., 436 Seventh Ave., Pittsburgh 30, 

Pa. (with its affiliates: CARNEGIE-ILLINOIS STEEL 

Corp., AMERICAN STEEL & WIRE Co., NATIONAL TUBE 

Co., TENNESSEE COAL, IRON AND RatLtroapD Co., CoLum- 

BIA STEEL Co.). 

Research projects are supported at: 

Carnegie Institute of Technology, for research on the effect 
of hydrogen in steelmaking; for the determination of gases in 
steel; for research on steel sheets for deep drawing. 

Coal Research Laboratory, Carnegie Institute of Technology, 
for study of the properties of coal and coke. 

University of Pittsburgh, for acid open hearth research. 

University of Illinois, for the investigation of steel rails; for 
research on wrought steel wheels; for research on braking ac- 
tion. 

Cornell University, for study of the characteristics of light 
steel structural members. 

Battelle Memorial Institute, for study of the effect of alloy- 
ing elements on the mechanical and welding characteristics of 
steel; for research on the influence of the size of carbide on 
properties of steel. 

Pennsylvania State College, for research in physical metal- 
lurgy. 

Welding Research Committee Projects at Rensselaer, Le- 
high, University of Illinois, and others. 

Purdue University, for the study of steel for high pressure 
boilers and use at high temperatures. 

UNITED STATES SUGAR CorP., Clewiston, Fla. 

Scholarships (two) are maintained at the University of Florida, 
for courses leading to qualifications for work in growing sugar 
cane or in the manufacture of sugar. The specific course require- 
ments are determined by a committee, appointed by the presi- 
dent, of which the dean of the College of Agriculture is chairman. 
$500 each. 

Fellowships (two) are maintained at the University of Florida, 
for the development of additional data with respect to the soil, 
water, climate, general agriculture, and other characteristics of 
the Florida Everglades, as related to the efficient management 
and conservation of the various soils found in that area for agri- 
cultural purposes. Stipend, $1000 each. 

UNIVERSAL O1t Propucts Co., Chicago, II. 

Grants for 1943-44 are made to: 

American Chemical Society, for training chemists relative to 
protective measures used in chemical warfare, $200. 

American Petroleum Institute, for fundamental research, 
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* Department of Internal Medicine, for the study of vita. 


mins, $2400. 

University of Minnesota, for the study of urinary estrogens, 
$1000. 

Northwestern Medical School, for research on drug allergies, 
$1200. 

Ohio State University, for research on the synthesis of vita. 
min A, $5040; for the study of surgical germicides, $4140. 

Princeton University, for research on blood substitutes, 
$5000. 

State College of Washington, for research on sulfanilamide 
ointments, $600. 

University of Wisconsin, for the study of bismuth in syphilis, 
$2000; for research on trichomoniasis, $1200. 

Grants are made to: 

University of Cincinnati for Hillman Hospital, Birmingham, 
Ala., for the study of vitamin deficiency diseases, $5000. 

Harvard Medical Schoo], University Committee on Pharma- 
cotherapy, $2000. 

Hektoen Institute for Medical Research of Cook County 
Hospital, Chicago, Ill., for the study of plasma substitutes, 
$3000; for the study of urinary antiseptics, $525. 

University of Illinois, for the study of the chemistry of peni- 
cillin, $25,000. 

University of Louisville, for antianemia therapy, $1500. 

Massachusetts Institute of Technology through the Re. 
search Corporation, for research on the synthesis of vitamins, 
$1000. 

Michael Reese Hospital, for the study of pertussis immuni- 
zation, $600. 

New York Post Graduate Hospital, for tissue culture study, 
$1000. 

Northwestern University, for research on synthesis of ster- 
ols, $1000. 

Queen’s University, Kingston, Canada, Department of Phar- 
macology, for the study of bronchodilator substances, $500. 

University of Utah, for research on vitamin B compler, 


Urtitities RESEARCH COMMISSION, 72 West Adams St., Chicago 


90, Til. 

Fellowships are maintained at: 

Iowa State College, for research on commutator and slip-ring 
brushes. 

Miscellaneous agencies (five). 

Sponsor Co. laboratories (six), for research on fluorescent 
lighting, heating and air conditioning by gas, peak load gas, 
thin insulated wire, food sterilization, 208-240 lighting circuits. 

University of Illinois (two), for research on creep of lead 
cable sheath, treatment of boiler feed water. 


$1100. VANADIUM ALLOYS STEEL Co., Latrobe, Pa. 

American Petroleum Institute, for hydrocarbon research Grants for research on special steels have been made to: Bat- 
program, $1250. telle Memorial Institute; Carnegie Institute of Technology; 

Coordinating Research Council, for aviation fuels program, Massachusetts Institute of Technology. 
$1000. Victor CHEMICAL Works, 141 West Jackson Blvd., Chicago, Ill. 

Petroleum Industry War Council, $500. A fellowship is maintained at Northwestern University, for re- 

Harvard University, for research on alkylation reaction, search on iron absorption and sodium iron pyrophosphate. Sti- 
$2900. pend, $2000 a year. 

University of Wisconsin, for research on kinetics in the hy- Vircrnra Rattway Co., Terminal Bldg., Norfolk, Va. 
drogenation of isooctane, $1200. A contribution is made to the Coal Research Laboratory, 
Fellowships for 1943-44 have been made to: Carnegie Institute of Technology. 

University of Chicago. Stipend, $3600. WALKER, H1rAM—GOODERHAM AND WortTs, Peoria, IIl. 

Illinois Institute of Technology. Stipend, $2100. Grants are made for research on the constitution of whisky, by- 

Northwestern University, Ipatieff High Pressure Catalytic products of grain whisky, and physiological studies of high- 
Laboratory. Stipend, $720. proof beverages. 

UNIVERSAL SANITARY Mrc. Co., New Castle, Pa. ms WarNER, WILLIAM R., AND Co., INc., 113 West 18th St., New 

A fellowship is maintained at the Massachusetts Institute of Vork, .N.. ¥. 

Technology for a research project on casting clay. Stipend, Fellowships (four) are maintained at: 
$100. St. Luke’s Hospital, New York City, for the study of clinical 
Upjoun Co., Kalamazoo, Mich. medicine. Stipend, $8000. 

Fellowships are maintained at: Warner Institute for Therapeutic Research, for the study of 
Iowa State College, for research on penicillin, $5900. synthetic organic chemistry. Stipend, $4000; for the study 
Kalamazoo College (two), for research in chemistry, $1500. of physical and organic chemistry, $2160; for the study of 
University of Michigan, for the study of barbiturates, $750; pathology, $1500. 
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Grants (ten) are made to: 

American Foundation for Tropical Medicine, Inc., for the 
study of tropical medicine, $1000. 

Columbia University, College of Physicians and Surgeons, 
for research on encephalomyelitis, $3100; for research on 
neurotropic viruses, $8000; for the study of burn ointments, 
$1800. 

Emory University, for research on the detoxication of anti- 
syphilitic drugs, $1000. 

Essex College of Medicine and Surgery, to help defray ex- 
penses incident to clinical investigations conducted by their 
clinical faculty and facilities, $2000. 

New York University, College of Medicine, for nutritional 
research, $2000; for the investigation of aluminum hydroxide 
preparations in the treatment of gastrointestinal disorders, 
$2000. 

Spies Committee for Clinical Research, for nutritional re- 
search, $500. 

Long Island College Hospital, for research in the Depart- 
ment of Radiology, $2000. 

Wesix ELectric HEATER Co., Wesix Bldg., San Francisco 5, Calif. 
A fellowship is maintained at Leland Stanford Junior Univer- 

sity, to develop the facts concerning electric space heating in 

homes, schools, and offices, and particularly its effect on electric 

distribution systems. 

WESTERN PENNSYLVANIA COAL OPERATORS ASSOCIATION, Oliver 

Bldg., Pittsburgh 22, Pa. 

Grants are made to: 

Bituminous Coal Research, Inc., $13,000. 

Carnegie Institute of Technology, $6000. 

Pennsylvania State College, $7500, for two years. 

Subject of research: New uses for coal and improvement in 
present equipment, power, and heat. 
WESTINGHOUSE ELectric & MANUFACTURING Co., 306 Fourth 

Ave., Pittsburgh, Pa. 

Undergraduate scholarships have been established as follows: 

George Westinghouse Scholarships. Fifty scholarships for 
a five-year cooperative course at the Carnegie Institute of 
Technology and in the company’s plants and laboratories were 
established in 1938. Ten vacancies occur each year and ap- 
pointments are based on the results of a competitive examina- 
tion given to high-school students throughout the country. 
The course pursued may be any offered in the School of En- 
gineering at Carnegie Institute of Techology. The George 
Westinghouse Professor of Engineering in the Carnegie Insti- 
tute of Technology directs the program. Stipend, $3420. 

Westinghouse War Memorial Scholarships. Sixteen scholar- 
ships are available to sons and daughters of employees and to 
young employees. Four scholarships are available each year. 
Stipend, $2000. 

Westinghouse Science Talent Search. Twenty-six scholar- 
ships are awarded to the winners of the Talent Search con- 
ducted by Science Service, Incorporated, Washington, D. C. 
High-school seniors (men and women) are eligible to compete 
for the scholarships. 

Rural Electrification Scholarships. Six scholarships are 
awarded each year to 4-H Club members. 

Westinghouse Industrial Scholarship. One industrial 
scholarship is maintained at Worcester Polytechnic Institute 
which provides tuition for undergraduate study at that uni- 
versity. 

Graduate scholarships and fellowships have been established 


as follows: 


The Benjamin Garver Lamme Scholarship, maintained by a 
trust set up by the company in memory of the late B. G. 
Lamme, provides a year of graduate study for a young West- 
inghouse engineer or scientist who has shown distinct creative 
ability. . 

The Charles LeGeyt Fortescue Fellowship, maintained by a 
trust set up by the company in memory of the late C. L. 
Fortescue, is administered by a committee of the American 
Institute of Electrical Engineers. 
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Carnegie Institute of Technology Fellowship in Metallurgy. 

Massachusetts Institute of Technology Fellowship in Ferro- 
magnetics. 

University of Pennsylvania Fellowship, for investigation of 
electrical properties of semiconductors. 

Leland Stanford University Graduate Fellowship. 

Stevens Institute of Technology Fellowship in Powder Metal- 
lurgy. 

Postdoctorate fellowships have been established as follows: 

As a contribution to the development of the fundamental 
sciences on which modern industry is based, Westinghouse 
established in 1937 ten postdoctorate fellowships for research 
in the company’s own research laboratories. 

Fellows are appointed for one year, and are eligible for one re- 
appointment. The base salary is $2400 a year, with additional 
allowance as circumstances require. 

WESTMORELAND Coat Co., 2500 Fidelity-Philadelphia Trust 

Bldg., Philadelphia 9, Pa. 

Contributions are made to the Coal Research Laboratory, 
Carnegie Institute of Technology and to the Battelle Memorial 
Institute. 

WEsTVACO CHLORINE Propucts Corp., 405 Lexington Ave., 

New York, N. Y. 

A fellowship is maintained at Lehigh University for research 
on the uses of active magnesium oxide. Stipend, $60 per month. 
WHEELING STEEL Corp., Wheeling, W. Va. 

The corporation participates in fellowships at: Coal Research 
Laboratory, Carnegie Institute of Technology; Battelle Me- 
morial Institute. 

Subjects: Research on coal and beneficiation of lean iron ores. 
WILSON AND Co., 41st St. and S. Ashland Ave., Chicago, III. 

Fellowships are maintained at: 

University of Illinois, for study of the use of gelatin in ice 
cream and dairy products. 

University of Wisconsin, for study of the effects of processing 
upon the nutritive value of meat and meat by-products. 

University of Wisconsin, for study of the nutritive require- 
ments of minks raised in domestication. 

Purdue University, for study of the utilization of by-product 
protein. 

WINTHROP CHEMICAL Co., INc., 170 Varick St., New York, N. Y. 

Fellowships are maintained at: University of Chicago; Uni- 
versity of Wisconsin. 

Grants are made to: Albany Medical College; American 
Foundation for Tropical Medicine; Medical Research Founda- 
tion, Cook County Hospital; Beth Israel Hospital (New York); 
William Dameshek, M.D. (Boston); New York University; 
University of Chicago; University of Minnesota; Long Island 
College of Medicine; Washington University; Tulane Univer- 
sity (two); University of Cincinnati; Peter Bent Brigham 
Hospital (Boston); University of Illinois. 

Subjects of research: Investigation of anesthetics, antimala- 
rials, stilbestrol compounds, vitamins, liver concentrates, sul- 
fonamides, and miscellaneous research. 

WYANDOTTE WorsTED Co., Waterville, Me. 

A grant is made to the Textile Research Institute, Inc., of 
$100, and to the American Association of Textile Chemists and 
Colorists of $50, for textile research. 

WYETH, JOHN, AND BROTHER, INc., 1600 Arch Street, Philadel- 
phia, Pa. 

Fellowships or grants have been established for 1942-43 at the 
following institutions, as well as at various hospitals, in support 
of research in the medical sciences: Cornell University Medical 
College; Jefferson Medical College; New York Medical College; 
New York University Medical College; Northwestern Univer- 
sity; University of California; University of Pennsylvania; 
University of Rochester. 

YorK CorPoRATION, York, Pa. 

A fellowship is maintained at Johns Hopkins University, for 
research on physical chemistry at extremely low temperatures. 
$1000 a year. 





Out of the Editors Bashet 


NROLLMENT of college students will very likely 
E; reach an all-time high in the years immediately 
following the war. 

L. W. Houston, executive vice-president of Rens- 
selaer Polytechnic Institute said, at an alumni meeting, 
“IT learned recently that one university, having no 
engineering school, canvassed 377 trainees in a military 
training program on its campus and found that nearly 
half planned to go to college after the war and that 
more than 80 per cent of these said they wanted to 
study engineering. 

“This is just one instance of how the spectacular and 
dramatic achievements of engineering and science in 
the war have captured the imagination and interest of 
young men. Because this is a mechanized war, with 
amazing scientific devices and engineering feats, thou- 
sands of service men have become attracted to engi- 
neering and science, and many will return as engineer- 
ing students. In addition we shall have larger num- 
bers of entering freshmen interested in engineering. 

“Before the war not more than 5 per cent of the 
public had any college connections. Through tuition- 


free war training courses conducted by colleges for the 
U.S. Office of Education, many thousands of men and 
women have had their first taste of the college class- 
room, and many of them will be more ambitious for 


their sons and daughters to have college training.” 


e@ Thirteen American and two Canadian companies 
are now manufacturing penicillin in increasing amounts, 
and the Chemical Bureau of the War Production Board 
expects that 21 companies in the United States will be 
producing it at full capacity by July. 

The manufacture of approximately 40 per cent of 
the output of penicillin last year in the single month of 
December indicates the rapid acceleration of produc- 
tion. 

Demand for the drug exceeds supply, however. To 
conserve supplies as much as possible, military and 
naval hospitals are restricting the use of penicillin to 
men whose wounds or diseases do not respond to sulfa 
drugs. 

The Army and Navy will have prior claim on peni- 
cillin for some time. Approximately 86 per cent of the 
supply is being allocated to them, the Chemical Bureau 
said. The remainder is being allocated for clinical 
research and chemical investigation. Even this small 
percentage, however, may have to be diverted to 
military use if the number of casualties requires it. 

The main reason for the scarcity of penicillin is the 
difficulty of production. Manufacture requires criti- 
cal equipment such as refrigeration machinery, centri- 
fuges, vacuum pumps, tanks, and special packaging de- 
vices. The fermentation cycle is unusually long, and 
exacting conditions of sterility, temperature, and atmos- 
phere control are required to obtain any yield what- 


ever. More than 20 quarts of culture fluid are re- 
quired to yield 1 g. (0.033 oz.) of the dry powder. 
Work is still being done to determine the most pro- 
ductive strains of mold and to improve culture media, 
methods of extraction, purification, standardization, 
and packaging. 

Chemical research studies are currently being car- 
ried on for determining the structure of penicillin, with 
a view to eventual synthetic production. Authorities 
agree that preparation of penicillin synthetically 
would greatly speed up production. Examples of 
drugs formerly derived from natural sources and now 
produced synthetically are vitamin B; and ephedrin. 

Penicillin—a fine powder in its commercial state— 
is not measured by weight, but by an arbitrary standard 
of efficiency known as an Oxford unit. An Oxford 
unit is the amount of penicillin which completely in- 
hibits the growth of a test organism, Staphylococcus 
aureus, under certain specified conditions. Each 
milligram of penicillin as commercially manufactured 
contains more than 100 Oxford units. 

The amount of penicillin produced in 1943 was 
21,092,000,000 Oxford units, the Chemical Bureau of 
WPB estimated. This amount would be sufficient to 
treat 21,092 patients, assuming that each patient was 
given a dosage of one million units. 

The drug is thrown off rapidly by the human system, 
and relatively large amounts of penicillin are required 
for each patient. The usual period of treatment is 
from ten days to two weeks, with injections given con- 
tinuously or at three- or four-hour intervals. For 
example, the patient being given injections for serious 
staphylococcic infections may require from 500,000 
to 1,000,000 Oxford units. Some cases may require 
several times this total dosage, according to the Army 
Surgeon General’s office. 

Doses and length of treatment vary, of course, ac- 
cording to the type of infection and the method of ad- 
ministration. Penicillin can be administered by in- 
jection or by surface application. It is not effective 
when administered by the mouth. 

When penicillin was first being commercially manu- 
factured, early in 1943, it sold for $20 per 100,000 units. 
As a result of increased production, resulting from 
intensive research carried out in laboratories of the 
U. S. Department of Agriculture and in the industry, 
the price has decreased to $4.75 per 100,000 units. 
Further price reductions are anticipated. 


e@ The importance of conserving antifreeze solutions 
has been recently emphasized. Motorists are advised 
to remove their present fluids from their automobile 
radiators and preserve them in closed containers. 
It is expected that methyl alcohol will be more im- 
portant than ever next winter as an antifreeze, in view 
of the increasing shortage of ethyl alcohol. 
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e@ Without the American oil industry it would be 
difficult to preserve Army and Navy rations and keep 
ammunition dry, according to the Petroleum Adminis- 
tration for War. 

Petroleum waxes are little known but highly im- 
portant by-products of the oil industry. They coat 
paper milk containers, butter cartons, bread wrappers. 
They protect frozen and dehydrated foods and meats, 
as well as tea, coffee, chewing gum, cigarettes, and 
candy. 

According to Deputy Administrator Ralph K. 
Davies: ‘‘Petroleum waxes used in packaging are of 
two types, paraffin waxes and micro-crystalline waxes. 

‘Paraffin waxes have been used in small quantities 
in packaging foods for 40 years. Military demands 
today are focusing attention on the harder-to-get 
micro-crystalline waxes. Because of their flexibility 
at extremely low temperatures, and because a very thin 
film of the wax will maintain a high resistance to 
transmission of moisture, 60 per cent of the entire 
output for 1943 of this petroleum product went to 
packaging field rations for overseas service men, to the 
manufacture of ordnance wrapping, and to ‘dip- 
coating’ of Army ordnance and ordnance metal re- 
placement parts. Micro-crystalline wax is also used 
for bomb desensitizing and airplane de-icing com- 
pounds, and in proofing Army shoes against mustard 
as. 

' “Strangely enough, wax can be more moisture-proof 
than tin, it is found. Ordnance plants are now water- 
proofing aircraft ammunition packages by a new 
double-wax dip process. Experience of our armed 
forces reveals that water often penetrated the hermeti- 
cally sealed metal-lined wooden boxes of ammunition 
when they were hurled from the ship. 

“The wax content of the wax-bearing crudes is only 
about three-fourths of 1 per cent; however, last year 
approximately 50 refineries in this country turned out a 
record volume of 380,000 tons of all petroleum waxes. 
But so critically scarce are micro-crystalline waxes that 
the 1944 production, which will total approximately 
60,000 tons, is being allocated in accordance with the 
relative importance of the various purposes for which 
it is intended. Refined and crude scale waxes are also 
short, but are not on allocation.” 


@ Increasing success attends the use of tantalum in 
surgery, according to I. R. McCall of Fansteel Metal- 
lurgical Corporation, who writes in the January 


Chemist. The characteristic overgrowth of tissue 
due to foreign-body reaction and irritation does not 
result when tantalum is used to repair fractures or to 
close wounds. When tantalum is used in bone repair 
a bluish white film, probably collagen, slowly covers 
the entire metal, and bone growth follows naturally. 
Even in soft tissue little or no foreign-body reaction is 
observed. Fibroblastic cells grow to tantalum with 
subsequent tissue attachment. 

Tantalum pins used in tooth repair are surrounded 
by bone growth toward the pin instead of a pocket 
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around the base of the pin as is noted in the case of 
some other metals. Gum tissue shows good adherence 
to tantalum, a fact helpful in repairing cleft palates, 
in relieving the effects of facial paralysis, and in plastic/- 
surgery generally. 

The properties of tantalum make it useful in neuro- 
surgery. Tantalum foil has been used in brain surgery 
to prevent adhesions and fixation during the healing 
process. The foil is also used for cuffs in the repair of 
nerves and tendons. Even if the foil does break later 
after becoming hard by cold working in the process of 
muscle flexing, no irritation develops from the pieces. 

Sutures of tantalum wire leave no scar, and tantalum 
tubing has been substituted for the bile duct success- 
fully. Reports show that fractures of the femur, tibia, 
fibula, patella, and mandible have been repaired with 
tantalum fixation plates, screws, and wire. 


e@ We notice that restrictions have been lifted on the 
purchase and use of mercury. Now we can set up the 
manometers and McLeod gages again. 


@ Using the same electrolytic lines that have revolu- 
tionized production of tin plate, Weirton Steel Com- 
pany, a division of the National Steel Corporation, is 
now turning out electrolytic zinc-coated sheets at the 
rate of 160 feet a minute in its new precision unit at 
Weirton, West Virginia. 

Three lines of electrically operated equipment, each 
400 feet long, can be used interchangeably to produce 
either tin plate or zinc-coated sheets, which are fabri- 
cated into a wide variety of articles for war or civilian 
use. 


e@ Tiny amounts of hydrogen in steel, even as small as 
one two-thousandth of a per cent by weight, can make 
steel brittle, and should be avoided in making metal 
for important war uses where toughness or ductility 
is essential. This is indicated by researches per- 
formed by Dr. Herbert H. Uhlig, metallurgist in the 
General Electric Research Laboratory. 

While the effect of hydrogen is evident in ordinary. 
steel, it is exaggerated in most steels containing man- 
ganese. On the other hand, certain special manganese 
steels do not show it. This is attributed to a different 
arrangement of the molecules in the lattice that makes 
up the metal crystals. In general where they have 
the arrangement known as “‘face centered,” more hydro- 
gen is dissolved than in the alternative ‘‘body-centered”’ 
lattice. 


e@ ‘Distillers’ solubles” is the product resulting from 
the filtering of the stillage, after alcohol removal, and 
the flake drying of the filtrate. It is high in protein 
content and vitamin B complex and is used as a supple- 
ment in other products to enhance the protein and B 
complex content of the mixture. By selection of 
certain aerobic bacteria, inoculation of the liquid, 
control of time, temperature, and pH, the B complex 
content can be increased as much as 400 per cent as 
the bacteria cells multiply, according to investigations 
carried out by Seagrams Distilleries. 
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e@ ‘‘Paratroopers of industry’ is the name applied to 
chemists and physicists by Dr. H. E. Fritz, research 
director of the B. F. Goodrich Company. They have 
wrested world leadership in research and development 
from Germany. ‘‘Many comparatively new American 
machines and instruments,” he said, “‘are proving their 
superiority in the fiery crucible of war in spite of the 
fact that the enemy for many years has devoted much 
time and skill to devising instruments of destruction 
while Yankee ingenuity was concentrating on better 
standards of living, not standards of killing.” 


@ The “super” auto tire of the future is likely to be the 
result of a combination of synthetic and natural rubber, 
with the former in the sidewalls and tread and the 
latter in the casing, according to William S. Richardson 
general manager of the chemical division of the B. F. 
Goodrich Company. 

The relatively high abrasion resistance of synthetic 
indicates that it might play this role in tires even after 
natural rubber again becomes available. However, 
some technical difficulties in satisfactorily ‘‘marrying”’ 
the two types in this way have yet to be completely 
solved. 


@ Soybeans are now the nation’s third largest cash 
grain crop and have had the most rapid rate of growth 
in the history of United States agriculture. The 
Japanese conquest of the Philippines deprived us of 
about a billion pounds of fat annually, but soybean 
oil stepped into the breach so well that the average 
citizen hardly realized the loss. The government has 
called for more than a billion pounds of soybean meal to 
be converted into flour for human consumption this 
year, much of which will be sent to the peoples of the 
liberated countries. 

Some hope that the availability of this new source of 
protein from soybeans may mark the start of a new 
industry. Already, textile fibers are being made of 
soybean protein. 


@ The powerful insecticide known as “DDT” is now 
being used by the Armed Forces to protect them from 
typhus fever, an infectious disease caused by the bite 
of the typhus-infected body louse. 

Used by the Army Medical Department on a mass 
scale in the North African campaign, ‘‘DDT”’ proved 
more effective against body lice than any insecticide 
previously employed. Dusted into the clothing in the 
form of a powder, a single application provides anti- 
louse protection for a month. 

Chemically known as dichloro-diphenyl-trichloro- 
ethane, ‘‘DDT”’ also is highly effective against flies 
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and other insects which are a menace to humans, ani- 
mals, and plants, and thus has numerous possibilities 
for postwar use in various fields. 

The total production of the new insecticide will for 
the present be for exclusive use of the Army and Navy, 


e@ A recent release from WPB, discussing cryolite, 
says: “‘Cryolite is a colorless to a brown mineral used 
in the manufacture of metallic aluminum and glass, 
in addition to its use as an insecticide. In making 
aluminum, it is employed as a catalytic agent in alu- 
minum pot lines.’”’ We knew that our government 
agencies were getting pretty free in their interpretation 
of laws and practices, but it seems to us that this is 
going a little foo far. 


@ The Society of the Sigma Xi, national scientific 
honor society, founded at Cornell University in 1886, 
with local members organized as chapters or clubs in 
about 125 American universities and colleges, is ex- 
tending the fulfillment of its organic purpose of the 
“Encouragement of Original Investigation in Science, 
Pure and Applied’ by encouraging member group 
activity in nonacademic research institutions which 
qualify because of their participation in, and en 
couragement of, original research in science 

The first industrial research group to qualify and be 
granted affiliation with Sigma Xi is the Esso Research 
Club, of Elizabeth, N. J., whose membership is drawn 
from the chemists, physicistS, engineers, and other 
technical research and development personnei of the 
companies associated with Standard Oil Company 
(N. J.). Arrangements are being made for the in- 
stallation of the Esso Research Club by the national 
officers of Sigma Xi on April 26, 1944. 


e@ Mr. Charles H. Stone, one of our frequent con- 
tributors, calls attention to the large amount of good 
illustrative material available to teachers in the form 
of pictures. The advertising pages of many maga- 
zines—and not only the chemical periodicals—are full 
of excellent illustrations having to do with many 
chemical products, operations, and processes. If a 
teacher wishes to “enliven” his class work he can 
profitably spend a couple of hours with scissors and 
paste pot, and almost any old magazines he can lay 
his hands on. Mounted on cheap cardboard, these 
pictures can be passed around a class and will bring 
forth many questions and comments. 


e@ Trichlorethylene and perchlorethylene, recently put 
on allocation by WPB, are used respectively in de- 
greasing metals and in smoke for chemical warfare. 


The extraordinary demand for airplane tires, coupled with the fact that production 
of one complete 56-inch bomber tire requires as many man-hours as 60 average pas- 
senger-car tires, explains why the outlook is not too promising for reaching the goal 


of 30,000,000 passenger-car tires in 1944, 
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Refrigeration 


A Demonstration for the Classroom 


EARL F. SHUMAKER 
Kent State Training School, Kent, Ohio 


T HAS been found that it is quite difficult for the 
average science student to understand refrigeration, 
and especially the flame-type refrigerator. As a 


| direct outgrowth of that difficulty the following simple 


apparatus was devised to demonstrate both refrigera- 
tion and the way in which a flame can be used to make 
something cold. 

An ordinary soft-glass test tube was heated near the 
center and drawn out so that the bottom of the test 
tube formed a bulb on one end. A concentrated solu- 
tion of ammoriium hydroxide was then put in the bulb. 
The open end of the tube was then heated and drawn 
to a small opening, which was easily sealed, thus giving 
bulbs at each end. 

The end of the unit containing ammonium hy- 
droxide was gently heated, which drove off gaseous am- 
monia, which in a short time built up enough pressure 


~~ 


Liquid 
Ammonia 


Wi 


Ammonium Hydroxide 
Solution 


to cause it to liquefy and collect in the coolend. After 
a small quantity was thus prepared the apparatus was 
passed around the class, so that they could see the 
liquid ammonia boil, due to its taking heat from its 
surroundings, and feel the wide difference in tem- 
perature between the two ends. 


What Is a Phase? 


GEORGE ANTONOFF 
Fordham University, New York City 


NE of the difficulties of a teacher of physical 
chemistry is to explain to the students the meaning 
of the term phase. Without this definition they 
generally have difficulty in grasping Gibbs’ Phase Rule. 
Sometimes the phases are defined as “homogeneous 
parts of a heterogeneous system” or as “physically 
uniform regions separated by bounding surfaces.”’ 
Some people say that phases are mechanically sepa- 
rable parts of a system. These definitions are not al- 
together satisfactory and create confusion in the minds 
of students. The latter very often form the opinion 
that water in a glass container is a two-phase system. 
Such a notion logically follows from the definitions 
Stated above, but it is not compatible with the main 
idea underlying the work of Willard Gibbs. 

The deficiency of these definitions was realized long 
ago, and attempts have been made to supplement them. 
As an example one can cite the ‘‘Treatise of Physics,” 
by O. D. Chwolson, in which phases are defined as 
“mechanically separable parts of a system capable of 
transformation into one another in a reversible way.” 


This definition contains the nucleus of a sound idea 
which can be further developed, but it is not entirely 
satisfactory in that form. In fact it is only applicable 
to single-component systems. If we take, say, water, 
it can exist as ice, water, and vapor, which are me- 
chanically separable and capable of transformation into 
one another in a reversible way. Thus they are phases 
in accordance with the definitions as above, and there is 
no clash with the theory of Gibbs. But such a defi- 
nition lacks generality and is not applicable to sys- 
tems made of more than one component. 

Take, for example, a solution of salt and water. It 
emits a vapor which contains no salt and consists of 
molecules of water only. This is a two-phase system 
in whose reversible changes there is no transformation 
of one phase into the other, but there is migration of 
one of its constituents from one part into another. 

Taking these systems into consideration, a definition 
which would be more adequate would be as follows: 
Phases are mechanically separable parts of a system, 

(Continued on page 199) 
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The Preparation of Magnesium Nitride 


A Laboratory Experiment 


? 
F. FROMM and PEDRO JOSE RIVERA 


Polytechnic Institute of Puerto Rico, San German, Puerto Rico 


[ ABoRAT ORY instruction in chemistry is not only 

a process of teaching but with the accumulation of 
experience by many groups of students it leads to 
modifications of standard processes which seem worth 
recording. 

The heating of magnesium powder in a tightly closed 
crucible has been suggested as a way of obtaining mag- 
nesium nitride (1, 2). The yield is always low and the 
product impure because part of the metal combines with 
the oxygen of the air left in the crucible. Very often, 
however, no nitride at all will be obtained because the 
oxidation is so rapid and violent as to lift the lid of the 
crucible and to produce fireworks. 

Magnesium nitride has been prepared by Miner (3) 
from magnesium oxide by simultaneous action of 
carbon and elementary nitrogen. Lafitte, Elchardus, 
and Grandadam (4) used the interaction of ammonia 
and metallic magnesium and the direct union of the 
elements (4, 5). The apparatus applied by all these 
authors is rather complicated and entirely unfit for use 
in the undergraduate laboratory, but it can easily be 
simplified. 

The direct synthesis was considered the most con- 
venient preparation. Nitrogen was produced from 
ammonium nitrite. The well-dried gas was passed 
through a hard-glass tube containing a porcelain boat 
with magnesium powder. The metallic powder was 
heated with a Bunsen burner until the whole material 
turned yellow. The union of the elements takes place 
between 300° and 700° in the course of a few hours, 
provided that the reacting agents are well dried. 
Traces of moisture will at once produce magnesium 
oxide. The passage of the gas through two washing 
bottles with concentrated sulfuric acid was not suffi- 
cient for drying the gas; it was necessary to conduct 
the gas through two washing bottles with concen- 


trated sulfuric acid and three soda lime tubes (30 cm. 
long, 1.5-cm. diameter, each). From 0.2 to 0.5 g. of 
the powdered metal was heated in a constant flow of 
nitrogen and the reaction was completed in about two 
hours. The yellow nitride was cooled in flowing 
nitrogen. The yield was always less than expected and 
ranged from 60 to 90 per cent. 

The purity of the product was determined by alka- 
line hydrolysis in a Kjeldahl apparatus, and showed that 
the sample consisted of 99 per cent of magnesium 
nitride. 

An explanation of the low yield was found in the fact 
that the magnesium powder was partially oxidized. 
Though magnesium oxide as such does not react with 
nitrogen under the conditions given, a mixture of 
0.1946 g. magnesium powder with 0.0973 g. magnesium 
oxide powder was easily nitrified, giving 0.3103 g. of 
the yellow product, or 91 per cent of the theoretical 
yield. Analysis showed 95.8 per cent MgsNe2; most of 
the oxide had been converted into magnesium nitride. 
Commercial magnesium powder, containing some 
magnesium oxide, will yield a satisfactory product if 
properly treated; for highest purity metallic powder 
free from oxides ought to be used. 
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SUMMER PROGRAM, UNIVERSITY OF PITTSBURGH 


TO ENABLE graduates of high schools to advance themselves 
a full year in chemistry in connection with the war emergency, 
the University of Pittsburgh will offer an eight-credit course 
in General Chemistry during eight weeks from June 26 to August 
19. To enable college and university students to advance simi- 
larly, an eight-week course in organic chemistry will be offered 
for eight credits. 

Also beginning June 26, 12-week (full-semester) courses will 


be offered in inorganic, analytical, organic, and physical chem- 
istry, and graduate courses in the fields of advanced organic 
(type reactions and microanalysis) and physical chemistry, 
enzymes, and kinetics. 

A special course covering ‘‘Recent Developments in Theo- 
retical and Applied Chemistry” will be given for instructors in 
preparatory schools. 

Only full-time regular staff members will be in charge. 
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Here and There in the Trade Literature 


Editor's Note: Most teachers and students of chemis- 
iry, we feel sure, are unaware of the valuable addition to 
the chemical literature to be found in the many trade 

ournals and “house organs.’ Some of these, appearing 

regularly, are not only attractive and beautifully illus- 
trated, but interesting and soundly informative. Each, 
within its own field, ts in a position to be authoritative 
and can draw for tts material upon the experience of 
spectalists. Only a few are very technical, but rather 
are written for the intelligent lay reader. Advertising, 
while present, is generally subtle, seldom distracting. 
The result ts that by browsing among these secondary 
periodicals anyone with an interest in chemistry can 
inform himself on many current developments and spend 
many a delight/ul and profitable hal hour. 

We propose in this column to abstract and review some 
of this literature from time to time in the hope that some 
of our readers may be inspired to investigate it further. 
Most of the publishers, being industrial concerns, main- 
tain a free mailing list, and anyone engaged in chemical 
education should have little difficulty getting access to 
the original sources mentioned here. 


“W/PETALS march to war on bubbles” in the Janu- 
ary, 1944, Dow Diamond (Dow Chemical Com- 


pany, Midland, Michigan), deals with flotation in the 
metallurgical processes. The same number describes 
Stripcoat, the new packaging material which makes it 
possible to ‘‘dip it, ship it, strip it.” 


Shell News, for January, 1944 (Shell Oil Company, 
50 West 50th St., New York, New York), has a very 
interesting article on ‘‘directional” oil well drilling 
(“On the target—two miles deep’’), describing how oil 
deposits are tapped when it is not possible to drill a 
well perpendicularly. Along the same line, an article 
in the December, 1943, number of the same periodical 
tells how drilling fluids containing oil instead of water 
are now being used to greater advantage. 


Shell Progress (also published by the Shell Oil Com- 
pany) is a larger, more profusely illustrated periodical 
devoted to longer articles, of more general interest. 
Most of the January-February, 1944, number has a 
wartime flavor. There is a good description of the 
production of bombers at the Ford Willow Run plant, 
and an article on the making of metal tubing which 
has some incidental chemical interest. 

One of the best illustrated house organs we receive 
is The Lamp (Standard Oil Company of New Jersey, 
30 Rockefeller Plaza, New York, New York). The 
December, 1943, number is principally concerned with 
the general problem of oil discovery and production. A 
full page, entitled “Gasoline goes to war,” gives a 
graphic summary of the distribution of petroleum and 
its various products in the many avenues of application. 


To learn something about “‘Cast iron and our way of 
life’’ read Pig Iron Rough Notes, no. 95 (Sloss-Sheffield 
Steel and Iron Company, Birmingham, Alabama). 


/ What's New (Abbott Laboratories, North Chicago, 
Illinois) is devoted almost entirely to pharmaceuticals 
but is currently running a series of color pictures on 
Naval Aviation by American artists. The January, 
1944, number contains articles on the use of recently 
developed pharmaceuticals in the treatment of colds, 
tuberculosis, epilepsy, and meningitis. The February 
number includes a good discussion of ‘The role of 
vitamin C in body defences.” 


The attractive Steel Horizons, vol. 6, no. 1 (Allegheny 
Ludlum Steel Corporation, Brackenridge, Pennsyl- 
vania) is a beautiful job of color work, mostly made up 
of wartime articles describing military applications of 
steel products—ordnance, airplane and aircraft instru- 
ment construction, tanks, Diesel motors. 


Of many short articles in the Bakelite Review for 
January, 1944 (Bakelite Corporation, 30 East 42nd 
St., New York, New York), one, ‘Propellers from 
pregwood,”’ describes the making of airplane propellers 
from resin-bonded wood veneers, and a second, “‘Paint 
is a fighting weapon to the U.S. Navy,” will be of 
special interest. 


The Process Industries Quarterly, vol. 7, no. 4 (Inter- 
national Nickel Company, 67 Wall St., New York, 
New York), carries pictures and a good description of 
‘Salt from the sea,’ as well as an article on modern 
methods of electrotinning. 


The Dupont Magazine (E. I. du Pont de Nemours and 
Company, Wilmington, Delaware) is chock-full of 
chemical information and interest. In vol. 38, no. 1, 
January-February, 1944, ‘“‘Chemicals from salt work 
for victory behind the scenes,” an excellent outline is 
shown of electrochemicals for all industries. How 
uncoated steel strip moves along the production line 
at the rate of 1000 feet per minute and comes out with 
a mirror-like finish of tin plate is explained in another 
article. Nylon rope is finding many applications, 
among others in the aerial ‘‘pick-up” service and for 
towing gliders. This is described in ‘““Tow lines for 
air transport.” Use of synthetic and natural rubber in 
“fairing’’ fighter plane propellers is another aeronautical 
application of chemical knowledge described. In 
another article students, especially, will be interested 
in a discussion of the distribution of a researcher’s time 
between laboratory and library. Is it ‘Books or 
Bunsen burners?”’ 

The previous number of the same magazine, Novem- 
ber—December, 1943, contained a description of the 
use of chromated zinc chloride for fireproofing wood, 
and also for protection against termites, etc. How 
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“Zelan helps cotton clothe an army for action’’ is also 
described. 


Synthetic Organic Chemicals (Eastman Kodak Com- 
pany, Rochester, New York) usually contains one 
technical article and a few “‘shorts.’’ It is primarily 
intended for the organic chemist; nearly every number 
contains interesting and valuable information, as, for 
instance, ‘Simple halogen derivatives of acetylene” 
in vol. 15, no. 3. 


The Industrial Bulletin, of Arthur D. Little, Inc. 
(Cambridge, Massachusetts), should be well known to 
our readers, since we have quoted it so many times. 
An item in the February, 1944, number entitled ‘A 
better bond” tells how adhesive bonding of metals is 
replacing riveting in many cases, and how wood-metal 
bonding will likely give us new types of structural 
materials for the future. 


Results of x-ray and electron diffraction studies on 
the structure of graphite, with a bearing on the ques- 
tion of lubrication, will be found in the Technical 


Of Less 


ATURE, which reportedly abhors a vacuum, 
seems destined to become increasingly exasperated, 
for war production devices are making amazingly 
high vacuum a regular industrial practice. As a 
result, a whole group of processes once technically 
impossible may become economically feasible. High- 
vacuum technique has brought about such unexpected 
and diverse operations as the distillation of vitamins, 
the rapid drying of heat-sensitive penicillin at sub- 
freezing temperatures, and the manufacture of mag- 
nesium by the ferrosilicon process. Further com- 
mercialization of high-vacuum technology appears 
to be one of the more interesting coming developments, 
particularly in the food industry. 

The limit of vacuum within a container is no gas 
pressure at all. Air normally exerts a pressure at 
sea level equal to the weight of a column of mercury 
29.9 inches, or 760 millimeters, high; industrial high- 
vacuum practice of the past has rarely reached pressures 
below 5 millimeters. By way of comparison, pressures 
as low as 0.00000001 millimeter can now be attained. 

The device responsible for these astonishingly low 
pressures is the diffusion-condensation pump, developed 
by Gaede in Germany and Langmuir in this country. 
These small pumps promptly became an indispensable 
tool of physics, chemistry, and radio tube manufacture. 
They shoot a high-velocity jet of mercury vapor through 
an orifice, capturing and sweeping along the molecules 
of the gas to be evacuated, much as an incautious 
pedestrian is engulfed in a subway rush. This prin- 
ciple, elaborated by other developments such as the 
use of nontoxic oils instead of mercury, is retained in 


JOURNAL OF CHEMICAL EpucatTion 


Bulletin, of the Acheson Graphite Corporation (Port 
Huron, Michigan), no. 220.7. 


There is something of chemical interest to the teacher 
in almost every number of the Interchemical Review 
(Interchemical Corporation, 432 West 45th St., New 
York, New York). In vol. 2, no. 1, “Molecular archi- 
tecture of resins’ correlates the present knowledge of 
resin properties and molecular structure. In vol. 2, 
no. 2, ‘Women in industry” tells how the war has 
turned the spotlight on women working in industry. 
Here is also a good article on infrared photography and 
some splendid electron micrographs of diatoms. In 
no. 3 the important subject of viscosity is well dis- 
cussed in an article on “Industrial Viscometers.”’ An 
excellent “Outline of surface-active agents” also tells 
about the 300 or more of these substances now on the 
market. In vol. 2, no. 4, is a little piece on ‘Fire, 
sulphur, and phlogiston’’ which is good general reading. 


One of the best recent discussions of penicillin we 
have seen is found in Therapeutic Notes (Parke, Davis 
and Company, Detroit, Michigan), January, 1944, 
under the title, “Antibacterial dynamite.” 


and Less 


the new industrial-scale diffusion pumps, the use of 
which in vitamin refining was pioneered by the Distilla- 
tion Products Company, and which are being applied 
in other fields by the National Research Corporation. 
These pumps are remarkable not only for high evacua- 
tion but for the large volumes of gas handled at these 
low pressures. 

Mechanical pumps, however, are by no means 
outmoded. While they cannot reach the fantastically 
low operating pressures obtainable with diffusion pumps 
recent models reach pressures as low as 0.00001 
millimeter. 

One of the great fields for commercial high vacuum 
lies in the rapid evaporation of substances at tempera- 
tures far below their normal boiling points. Nor- 
mally, the obstacle to such an operation is the presence 
of a foreign gas, usually air, which prevents rapid 
vaporization even when present only in relatively 
small amounts. These interfering gases are effectively 
removed at pressures of about 0.001 millimeter, 
making it possible to volatilize substances at sur- 
prisingly low temperatures, and at rates approaching 
those of normal evaporation operations. 

The best-established application of high-vacuum 
technology involves separation of complex natural 
substances into their constituents. Natural fats, 
waxes, and heavy petroleum oils are complex mixtures 
of many different components, some much more valuable 
than others. Distillation is a convenient. method of 
unscrambling such mixtures, but their high normal 
boiling temperatures would result in decomposition. 

(Continued on page 208) 
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~« «~~ HIGH-SCHOOL CHEMISTRY - - - - 


Laboratory Accidents 


ELBERT C. WEAVER 
Phillips Academy, Andover, Massachusetts 


1. CONSIGN to the hall of unpleasant memories 
the exploding hydrogen generator. Just one ex- 
ploded. This happened near the end of the run when 
the delivery tube came near a flame. Now it is the 
invariable rule of the laboratory that all hydrogen 
generators shall be taken apart after the gas is collected, 
before any flames are lighted. Pupils burn hydrogen 
from a jet regularly without danger of an explosion in 
the generator. A sample of the issuing gas is collected 
in an inverted test tube, and the tube is brought to a 
flame. If the jet can be lighted with the burning gas 
in the tube there is no danger. 

2. Once a pupil raised his Bunsen burner by placing 
a textbook under it. When the potassium chlorate in 
the crucible above the burner spilled over onto the 
book, a merry fire resulted. The instructor, passing by 
at the moment of the accident, sought to save the text- 
book ($2.00, less educational discount). Impulsively 
he placed his hand over the burning book. The flame 
was not smothered. The hand was badly burned. 
Hereafter they can burn the books. 

3. Once after a mixture of potassium chlorate and 
manganese dioxide had been heated in a small hard- 
glass test tube the mixture was standing on the lecture 
desk, cooling. Suddenly the tube burst. The closed 


WHAT IS A PHASE? 


which are so correlated that matter can migrate from 
one part into another in a reversible way. 

This definition is also valid for liquid—vapor systems, 
but it will not fit into such cases as transformation of 
tin into its allotropic modification at low temperatures. 
In this case there is no migration of matter from one 
part of the system into another. It thus appears that 
the following definition will be of more general char- 
acter: Mechanically separable parts of a system are 
called phases if one of them, or some constituents thereof, 
may become part of another in a reversible way. 


end described a trajectory in that void which exists 
between teacher and pupils in the classroom, striking 
the wall about 20 feet away with so little loss of eleva- 
tion that its horizontal velocity must have been defi- 
nitely dangerous. Apparently the mixture had fused 
across the tube. Hereafter, such mixtures cool under 
the lecture desk. 

4. A demonstrator prepared a dishpan of soapsuds 
which were inflated with a mixture of acetylene and 
oxygen. By applying a lighted match, the desired 
detonation resulted. But the demonstrator emerged 
resembling a snowman, all visible portions covered with 
suds. He had neglected to attach a long extension to 
his match stick. 

5. The ammonia fountain with the change in color 
effected by water treated with phenolphthalein indi- 
cator was a ‘‘must’’ for an inexperienced demonstrator. 
He filled the flask well with ammonia gas, inserted a 
two-hole stopper equipped with a medicine dropper and 
a jet tube, supported the flask, and placed the lower 
end of the jet tube below the liquid. When the 
medicine dropper was pinched a loud noise resulted. 
A pale demonstrator stood holding a fragment of the 
medicine dropper between his fingers. The flask had 
vanished, blown to tiny bits. It was flat-bottomed. 


(Continued from page 195) 


The underlined sentence can be coupled, of course, 
with any of the usual definitions given earlier. 

Let us revert now to the system, glass + water. Of 
course, glass is soluble in water to a certain extent, and 
therefore glass goes into water, but the reverse does not 
take place. Thus, water and glass cannot be regarded 
as two phases according to the above definition. 

Two phases are capable of being in equilibrium with 
one another when the amount of matter leaving one 
phase per unit time is balanced by the reverse process. 
In case of glass and water there can be no equilibrium. 


“The Teacher is not content merely go pass along information accumulated by 
previous generations. He attémpts to contribute thoughts of his own, and to stimulate 
others, so that they may contribute to the accumulated store of human wisdom, to the 
end that men may learn constantly how to get along better with their environment 
and—with one another.”’—R. T. Haslam, in New Frontiers 


199 





LETTERS 


To the Editor: 

In the January issue of the JOURNAL OF CHEMICAL 
EDUCATION there appears a statement by Professor 
William T. Hall criticizing the conclusions of an 
article on the absence of coprecipitation of barium 
ion with the sulfides of Group II [J. Phys. Chem., 47, 
264 (1943)]. Professor Hall points out several ways 
in which barium may be lost during the course of a 
qualitative analysis. However, the conclusions of the 
article in question are: “‘No coprecipitation (adsorp- 
tion, occlusion, or postprecipitation) of barium ion 
takes place when the sulfides of the copper and tin 
groups are precipitated in the presence of ammonium 
ion,’’ and ‘‘No coprecipitation of barium ion takes 
place when the chlorides of the silver group are pre- 
cipitated.”” While Professor Hall’s statements re- 
garding the loss of barium by the formation of known 
insoluble barium compounds may be correct, they 
have no significance with respect to the conclusions 
quoted above. 

The conclusions of the article under discussion do not 
state that barium is never precipitated with the 
copper and tin groups. Professor Hall has read this 
meaning into them. Therefore, his statement about 
the conclusions is incorrect. 

Leo LEHRMAN 


THE COLLEGE OF THE City OF NEw YorK 
New York City 


To the Editor: 

In the letter of Professor Leo Lehrman he protests 
that I cannot understand the English language as he 
writes it. The trouble all lies with respect to the word 
coprecipitation which is a recently coined word and is 
not in my dictionaries. 

The paper of Lehrman and Mandel was published in 
an excellent journal, which, unfortunately, few analyti- 
cal chemists read regularly. It does not, as a rule, 
concern itself with the ordinary problems of the 
analytical chemist nor with those of instructors in 
elementary qualitative analysis. It seemed, however, 
to the editors of Chemical Abstracts that the paper was 
really concerned with qualitative analysis so it was 
sent to me to abstract. The impression that the 
paper made upon me, which may be entirely wrong, 
as I haven’t seen it for about eight months, was that it 
was written as the first part of a careful research origi- 
nated with the purpose of finding how and where be- 
ginners often miss Ba++ in qualitative analysis. The 
conclusion, as I read it, seemed to show that there was 
no danger of losing Ba++ by precipitation of the silver 
group with Cl~ (to which I agree) or of the copper-tin 
group with H2S. This last is contrary to my own ex- 


which was printed in the Journal of Chemical Educa- 
tion rather than in the Journal of Physical Chemistry 
in order to reach more teachers of qualitative analysis. 

Some few years ago, the top ranking student of hisclass 
at West Point wassubsequently sent to the Massachusetts 
Institute of Technology to be trained as a chemical 
engineer. At the Institute, as at West Point, he 
proved the brightest and most painstaking man oj 
the class. He was given a solution to analyze which 
contained 3 mg. of Ba++ and somewhat more AsO,;. 
When he made his report, the instructor told him that 
he had missed Bat*. It was easy to prove by direct 
test that the Ba++ was present but this did not satisfy 
the lieutenant and he worked assiduously for over 10 
hours trying to find where he lost the Ba** and the 
instructor finally came to me for advice. I talked 
with the student and found that he had followed very 
carefully the excellent text of the late Arthur A. Noyes 
who recommended making the solution acidic with 
HNO; before introducing H2S and subsequently heating 
to see if there was any indication of arsenate’s being 
present. Subsequent study showed that every time 
he did this, the Ba++ was precipitated together with 
sulfides of the copper-tin group. Now the question is 
whether the precipitation of Ba++ in Group II of the 
qualitative scheme of systematic analysis can be at- 
tributed to what is called coprecipitation. 


The word in question is used by Dr. I. M. Koltbofl 
and his students and I find in my copy of Kolthof- 
Sandell on page 103, ‘The contamination of a pre- 
cipitate by substances that are normally soluble under 
the conditions of the precipitation is called coprecipi- 


tation.’ Since Ba++ does not normally precipitate 
with the copper-tin group and will not be precipitated 
by H.S unless the solution contains arsenic (and the 
solution is evaporated with HCl until fairly strong 
aqua regia is formed), this would appear to be a case oi 
coprecipitation. To my mind, it is just as much copre- 
cipitation as when Batt is precipitated by NH,OH 
when Cr+++ is present. In this case barium chromite 
is probably formed which, to be sure, is not a ‘‘sub- 
stance normally soluble under the conditions of the 
precipitation.” A careful reading of the chapter im 
Kolthoff-Sandell makes me think that my esteemed 
friend Kolthoff would probably agree with Professor 
Lehrman in the case under discussion. Much as ! 
admire Kolthoff I do not always agree with him. ‘Thus 
he distinguishes between iodometry and 1odimetry 
although he seems to be one of a very few chemists 
making such a distinction. 
Professor Lehrman’s statement that ‘‘no precipitation 
of barium ion takes place when the sulfides of the 
copper and tin groups are precipitated in the presence 


perience. Now it is a rigid rule of Chemical Abstracts \ of ammonium ion” appears to be correct because it 


that abstractors must give the content of papers with- 
out any criticism or correction on the part of the ab- 
stractor ani that is my excuse for writing my note 


the heating and evaporating of a nitric acid solution 
the NH,+ undoubtedly is oxidized to N2 before the 
AseS3 or AseS; is dissolved. 
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I am glad that Professor Lehrman voiced his ob- 
jection to my ignorance with respect to the English 
language for it gives me opportunity to emphasize 
once more that there is occasional danger of pre- 


icipitation of Ba++ with the sulfides of the Cu-Sn 


group. 
ROCHESTER, MASSACHUSETTS WILLIAM T. HAL 


Non-stoichiometric Equations 
To the Editor: 


Under this title, Otto F. Steinbach! points out that 

an equation may balance algebraically and yet not 
represent the truth. This fact is one that probably 
has bothered every student of chemistry at one time 
or another, and every teacher frequently has students 
ask why a certain equation is marked wrong in spite 
of the fact that it balances. 
' Chemical equations are commonly written for two 
purposes: (1) to show the probable reaction products, 
and (2) to show the quantities of materials that enter 
into reaction. If an equation does not fulfill the latter 
requirement it can be termed ‘‘nonstoichiometric.”’ 
The reactions that are used in quantitative analysis 
must be stoichiometric or they have no value. With 
most reactions of organic chemistry the equations are 
idealistic and nonstoichiometric, but . nevertheless 
have value. Recognizing this fact, it is the common 
practice of all teachers of organic chemistry to pay 
little attention, for example, to balancing equations 
of oxidation and reduction. Thus if it is a matter 
of oxidizing an alcohol to an aldehyde or an acid with 
permanganate, the instructor merely writes the graphic 
formula of the alcohol and shows that the element 
oxygen, or the radical OH, can replace hydrogen in the 
formula to give the desired product. This practice is, 
of course, related to the old dualistic conception of 
oxidation by permanganate which was based upon 
the fact that the acid anhydride, Mn.O;, was unstable 
and easily lost oxygen. The formula of permanganate 
was commonly written, in the good old days, K2x0-Mn,.O; 
rather than KMnQ,. Today it is common practice 
to consider the oxidation by permanganate as related 
to the reduction of manganese from a valence of seven 
to a valence of two (or four in some cases). From 
the valence-change standpoint, few students of or- 
ganic chemistry can balance equations for the oxidation 
of organic compounds, and there isn’t much use in doing 
it unless the reaction is stoichiometric. In such 
cases the valence-change method is easy to apply if 
one is willing to admit—as a few organic chemists 
are—that the valence bonds of the carbon atom may 
be either positive or negative, as illustrated by the 
compounds CCl, and CH. 

The non-stoichiometric equations cited by Dr. 
Steinbach are all equations of oxidation and reduc- 
tion involving hydrogen peroxide, sodium hypobro- 
mite, chloric acid, potassium hypochlorite, and potas- 


"J. Cuem. Epuc., 21, 66 (1944). 
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sium chlorate. These compounds, for the most part, 
are not very stable and, as he points out, may give 
rise to more than one reduction product. In the 
case ot hydrogen peroxide, however, the statement that 
the reaction between it and potassium permanganate 
is a good example of variable coefficients is absolutely 
wrong and cannot pass unchallenged. 

The reaction between KMnQO, and H,O, in the 
presence of H,SO, has been known to be stoichio- 
metric for many, many years and was studied by C. 
F. Schénbein (1799-1868) who found that the reaction 
as expressed in our present nomenclature, is 


2K MnO, + 5H20, + 4H.SO;, = 2KHSO, + 2MnSO, + 8H,0 - 50, 


In accordance with Schénbein’s theory, which is not 
bad even today, half of the oxygen evolved comes 
from the KMnO, and half from the H,O,. All the 
other equations which Dr. Steinbach suggests are 
obviously incorrect. However, since he is bothered 
by the fact that he can write at least nine different 
equations to express such a reaction and many college 
freshmen and high-school students are troubled in 
the same way, just a word or two may be said in 
explanation. 

Hydrogen peroxide in dilute acidic solutions is 
quite stable. It slowly decomposes, however, into 
H,O and O.. During the course of a titration of a 
solution of hydrogen peroxide with permanganate 
there is no appreciable decomposition of this kind 
and the volume of oxygen evolved as compared with 
the volume of permanganate reduced is perfectly 
definite. The hydrogen peroxide content of an 
aqueous solution can be determined accurately either 
by measuring the volume of permanganate solution 
required to oxidize the peroxide or the volume of the 
oxygen evolved. In terms of the old ideas of oxida- 
tion, the correct equation may be written 


5H202 + 50 = 5H20 + 502 


and the equivalent weight of H,O, (or the weight equal 
to '/, an oxygen atom of oxidizer) is the molectilar 
weight divided by two. 


I can write equations such as these: 


H.O + O, 
H.O + 20, 
H.0 + 40, 


H,0: + O 

H.,02 + 30 

H,0, + 70 
but they are wrong and have no value because they 
do not correspond to the equivalent weight of hy- 
drogen peroxide as has been determined experimen- 
tally. In other words, the eight incorrect equations 
written by Dr. Steinbach do not represent the em- 
pirical value of H,O2 as a reducing agent; it is equiva- 
lent in reducing power to two atoms of hydrogen. 

This has been proved experimentally, but the 
astounding fact is that by adding oxygen to the water 
molecule we get H2O2 which will, (1) by adding a little 
sodium hydroxide and heating, decompose into water 
and oxygen, (2) act as an efficient oxidizing agent, 
or (3) act as an efficient stoichiometric reducing agent 
with permanganate and with oxides such as MnO:. 
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The reducing action of hydrogen peroxide can be 
explained in several ways. We can, for example, 
assume that one atom of oxygen is united with an- 
other atom of oxygen so that the structure may be 
represented thus: 


i—O 


| 
H—O 


If we attempt to recognize positive and negative ends 
of each valence bond, we find that one atom of O is 
negative toward the H atom but positive toward the 
other O atom. In other words, the extra atom of O 
of H,O, is in a sense a neutral atom, and the two atoms 
of O hold two atoms of H just as one atom of O does 
in water. Now if the Mn of permanganate, in drop- 
ping from the valence of +7 to +2 momentarily 
oxidizes this neutral O to O++, the latter can combine 
with the O of KMnQ, which is normal and has a va- 
lence of —2. Really, all this means is that the O.- 
loses two electrons and becomes two atoms of O, each 
with a valence of —2. 

In the case of oxidation of HO. by K2Cr2O; it is 
harder to get conditions whereby the normal re- 
action 


KeCr20; + 3H202 + 5H2SO, = 2KHSO, + 7H20 + 30, 


The reaction 


will be stoichiometric. 
KeCr2O, + 5H20, + 5H2SO, aad 2KHSO, + Cre(SO4)s + 9H20 sis 
40, 


is given as the normal one by Dr. Steinbach, but this 
is obviously incorrect as this makes 6 equivalents 
of KsCr.O07 equal to 5H20Oy. 

The reaction between KCIO; and HCl is not likely 
to be stoichiometric but will vary with different con- 
centrations and at different temperatures. Perhaps 
the simplest reaction will be 


2ClO;— + 2Cl- + 4H*+ = 2ClO. + Ch + 2H2O0 


in which the Cl*® goes to Cl** and the Cl~ goes to 
Cl°. A reaction such as 


4C1O;- + 12CI- + 16H* = 2ClIO. + 7Cl + 8H:O 


which is the one Dr. Steinbach prefers, is complicated 
by the fact that four different valences of Cl are 
involved, and half the Cl of the chlorate is reduced 
to ClO, while the remainder goes to Cl. This is pretty 
bad, but Dr. Steinbach’s explanation that “chloride is 
oxidized to chlorine while the chlorine of the chlorate is 
reduced to chloride and chlorine dioxide’ is even more 
complicated, although in such a case as this, I know 
of no way of tagging the chlorine atoms and finding 
out just where all the Cl, formed originated. It is 
known that in quantitative analysis the reaction 


ClO;~ + 5Cl- + 6H+ = 3Chk + 3H2,0 


can be made to take place although this possibility 
did not occur to Dr. Steinbach. In iodimetry the 
equation 


IO; + 5I- + 6H* = 31. + 3H20 


JourRNAL OF CHEMICAL Epucarioy 
is stoichiometric and has been used successfully for 
determining very accurately iodate, iodide, or acidity. 

Practice in writing equations of oxidation-reduction 
are very useful in teaching beginners, but the practice 
of asking students to try to balance equations with- 
out knowing what the products of the reaction are 
likely to be should be discountenanced. The useful 
reactions of inorganic chemistry are almost always 
stoichiometric, and it is of fundamental importance 
that the student should know the most likely equiva- 
lents of the reactants. 

WiLuiaM T. Hat 

ROCHESTER, MASSACHUSETTS 


To the Editor: 

In the February issue of the J. CHem. Epuc. there 
is an article entitled ‘“Non-stoichiometric equations” 
by Otto F. Steinbach. Though he seems not to re- 
alize it the author brings up the old, old error involved 
in adding equations for concurrent reactions. See, 
for example, Smith’s “Inorganic Chemistry,” 3rd 
ed., page 485 (The Century Company, New York, 
1917). The rule that should be followed is: equations 
for consecutive reactions may be added; equations for 
concurrent reactions may not be added. 

Actually an infinite number of “‘equations’’ that are 
balanced but do not express actual stoichiometric 
relations can be ‘‘derived” by lumping together the 
equations for concurrent reactions. One need only 
multiply the coefficients in the equation for one of the 
reactions by m before adding it to the other. Or the 
coefficients in each of the two or more equations can be 
multiplied by different numbers. Taking, as the 
author has without realizing it, concurrent chemical 
changes which have a reactant in common (H:0;), 
and adding their equations 


2KMnQ, ot 5H,0, of 4H.SO, > 
2KHSOQ, + 2MnSO, + 8H,0 + 50, 


and 
n times 2H.O2 — n times 2H,O + a times O, 


we can obtain as many equations as we wish. We 
can get still more by adding m times (1) to m times (2) 
where 7 and m are different numbers. Of course these 
equations are false, as they do not state the actual 
stoichiometric relations between the substances in- 
volved. In some cases, as in Dr. Steinbach’s fifth set 
of equations, there is no constant relation between the 
quantities of substances expressed by his equations. 
The ratio of the quantities will depend upon condi- 
tions. 

Dr. Steinbach’s second set of equations, in which 
by the way he chooses an incorrect equation as the 
correct one, is obtained by adding 


m times K2Cr,O; + 3H:O2 + 5H2SO; > 
2KHSO, + Cr.(SO.; + 7H,O + 30: 
to 
n times 2H,O, —~ 2H,0 + O, 
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The third set of equations is obtained by adding 


m times NaBrO + H.0O. —~ NaBr + H,0 + O. 


n times 2H,0, —> 2H,.0 + O. 
The fourth set can be obtained by adding 
m times KCIO + KCIO, ~ KCIO; + KCl 


n times 3KCIO — KCIO; + 2KCl 


p times 3KCIO, + 2KCIO; + KCl (5) 


or by the addition of only (4) and (5). 

The fifth set, in which once more an equation stated 
by the author to be correct is really incorrect, can be 
obtained by adding 


m times 4HCIO; + 3HCIO, + HCl (6) 
n times 2HCIO; ~ 2HCI + 30, (7) 
p times HCIO; + 5HCl — 3H.,0 + 3Cl, (8) 


q times HCIO, + 7HCI > 4H.O + 4Cl, (9) 


always adjusting the values of m and n to p or q so that 
the HCl is eliminated. It is correct to add either (8) 
or (9) to either (6) or (7) but only one at a time and in 
such proportion as*to eliminate HCl. These would be 
cases of adding equations for consecutive reactions. 
The equation given by the author as correct is obtained 
by taking one times (6) plus two times (7) plus one 
times (8) and then dividing the coefficients in the re- 
sulting equation by three. This final equation, called 
correct by the author, has no real meaning unless we 
control reactions (6) and (7) so that one mol of HCIO; 
changes to HClO, and HCI for each mol that reacts 
to form O2 and HCI. 

The next set is the result of adding equations such as 


KCIO; + 6HCI ~ KCl + 3H,0 + 3Cl, (10) 
KCIO; + HCl ~ KCl + HCI1O; (11) 


5HCIO; + HCl — 6CiO, + 3H,0 
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in various proportions. None in the author's set is 
correct, not even those selected by him as correct ones. 
A correct equation is obtained by adding (12) to (11) 


in the proportion of one times (12) to five times (11) 
giving 
5KCIO; + 6HCl > 5KCI + 6C1O, + 3H.0 
The statement that “when hydrogen peroxide acts 
as an oxidizing agent no such situation is found’”’ 
is wrong as we can illogically add 
4H,0, + PbS — 4H.O + PbSO, 


and 
2H,0, aia 2H,0 + O. 


to get “‘equations”’ such as 

6H,0, + PbS — 6H,0 + PbSOQ, + O, 

8H,0, + PbS — 8H.0 + PbSOQ, + 20, 

10H,0, + 2PbS — 10H20 + 2PbSO, + O, 
ad ¢nfinitum, or taking two reactions in which hydrogen 
peroxide acts as an oxidizing agent 
H,0. + 2HI — 2H,0 + I; 
and 
H.0, + H.S — 2H20 + $ 

to get “‘equations”’ such as 

2H.0, + 2HI + H.S ~ 4H;0 +12 + S 

3H,0, + 2HI + 2H2S — 6H,0 + I; + 28 
ad infinitum. Or we may take equations for reactions 
in which the peroxide groups remain as such 
SO; + H.O, — H.SO; 
and 
2S0; + H:20. — H:2S.0s 
and get such meaningless equations as 
380; + 2H;,0, — H2SO; + H2S20s 
and 
4SO; + 3H,0, — 2H2SO; + H.2S.O3 


also ad infinitum. 
ALEXANDER LEHRMAN 


THE COLLEGE OF THE CITY oF NEw YORK 
New York CITY 


TAKE YOUR PICK 


*‘It is nonsense to suppose that a people wants to rule itself... . The bourgeois era 
of false ideals about humanity is past.’’—Joseph Goebbels 

“‘We must beware of trying to build a society in which nobody counts for anything 
except a politician or an official, a society where enterprise gains no reward and thrift 


no privileges.”"—Winston Churchill 
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(Continued from page 154) 


AUSTEMPERING 


The use of salts as a quenching medium has increased 
greatly. Austempering is a controlled time-tempera- 
ture quench in which the work is quenched from its 
conventional hardening heat into molten salt held at a 
constant temperature (usually between 350° and 
900°F.) and kept at this fixed temperature long enough 
to transform the austenite isothermally into the inter- 
mediate transformation products, usually Bainite. 
Because of the close control of the quenching tempera- 
tures and the time in the quench, the uniformity of the 
product is unusual, and because of the nature and tem- 
perature of the quench, the ductility and toughness of 
the parts so treated are increased enormously. 


MARTEMPERING 


The use of molten salts to increase the depth and 
uniformity of hardness is becoming better known. 
This process is known as ‘“‘Martempering.’”’ In ‘‘Mar- 
tempering’’ the desired structure is the same as would 
be obtained with a conventional quench, only the struc- 
ture throughout the cross section of the piece is theo- 
retically uniform. The temperatures for the several 
steels at which martensite commences to form have 
been determined by experiment. After establishing the 
temperatures of the quench, obtained also by experi- 
ment, the salt bath is used as an oil quench would be 
used. The difference in procedure is that the piece, 
upon quenching in the salt bath at the temperature at 
which the martensite forms, is held at that temperaure 
until the transformation takes place throughout the 
entire section. This, in effect, allows the use of a low 
alloy, shallow-hardening steel in place of a high alloy, 
deep-hardening steel. 

By allowing the transformation to take place through- 
out the cross section of the piece rather than getting 
the outer portion hard and the interior progressively 
softer, as would happen in a conventional oil quench, 

3 Martensite is a supersaturated solution of Fe;C in a-iron 
formed by very rapid quenching and having a fine needle-like 
structure. A steel, the structure of which is martensitic, is in its 


hardest possible condition, will scratch glass, is brittle, and has al- 
most no ductility. Its composition is not definitely known. 


most of the quenching strains are removed and pieces 
can be quenched in this manner with very little likel- 
hood of distortion and very slight dimensional changes. 


FIXTURE QUENCHING 


Coupled with the controlled atmosphere furnaces is 
the use of quenching presses. Elimination of the neces- 
sity for grinding after hardening has increased the prac- 
tice of finish machining prior to heat treatment and then 
quenching the hardened piece in a press which forces 
the piece to hold its size. This means the ‘‘as hardened” 
part is held to very close tolerance during the heat 
treatment. 

The press consists of a segmented die which partially 
collapses so that the piece may be located on it when the 
quenching starts. This die then opens hydraulically and 
forms the piece prior to the actual quenching to the 
dimensions to which it had been machined before it 
went into the furnace. The actual setting of the die to 
obtain the proper results is naturally a matter of trial 
and error, but once established, the pieces are heated 
and quenched and the tolerances are maintained unt 
formly. Straightening presses on which shafts are 
straightened while semiplastic before quenching saves 
much scrap and many work hours. Most of the 
straightening presses will straighten parts within 
0.005 of an inch run-out. 


SUBZERO TREATMENT 


Perhaps the most recent development in quenching 
practice, even later than martempering, is the subzer0 
treatment of steel, especially high speed steels. 

An explanation of the term high speed steel might bt 
helpful. The term is applied to those steels which be 
cause of their alloy content are capable of machining 
metal at speeds so great that they sometimes becom 
red hot. They are so formulated that at the temper 
ture of 1000° to 1050°F., they do not lose their original 
“as quenched” hardness and in some cases perfor 
better at this heat than they do at atmospheric tet 
peratures. They are of high alloy content, one of the 
better grades having an analysis of 18 per cent tungstet, 
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4 per cent chromium, 2 per cent vanadium, and 9 per 
cent cobalt, and consequently, their transformation 
range is very wide. Many of these high speed steels 
will attain satisfactory hardness by quenching in air at 
room temperature. 

Recent research has determined that the transforma- 
tion is not completed at room temperature but contin- 
ues until a temperature of at least —40°F. is reached. 
Following this line of reasoning, if austenite is main- 
tained in the structure in any great amount, when the 
high speed steel is quenched out at room temperature, 
the maximum hardness is not obtained, and at the same 
time the stresses set up by the incomplete transforma- 
tion tend to lessen the life of the piece. Consequently, 
to complete the transformation the high speed steel is 
hardened and quenched in the conventional manner, 
but instead of considering the quench completed when 
the piece gets to about room temperature, the steel is 
transferred from the quenching bath to either a dry ice 
pack or a‘unit similar to a ‘‘quick-freezing” unit where 
it is subjected to a temperature of —100°F. for a pre- 
scribed period. Hardnesses have uniformly increased in 
all cases—two to three points Rockwell “‘C’’ scale—and 
the life of the tool has been increased in many cases 500 
percent. This is not as yet a general practice through- 
out the trade, but from the excellent results obtained 
by those plants now practicing it, it soon will be. 


SURFACE HARDENING 


The most widely publicized forms of heat treating 
today are flame hardening and induction hardening. 
More has been written about these two methods of 
heat treatment recently than most of the others com- 
bined. 

Briefly, both consist of rapidly heating the surface to 
be hardened, and quenching the heated surface im- 
mediately—thus utilizing the quenching effect of the 
internal mass of the object plus the effect of the ex- 
ternal quench. Both processes are primarily used for 
heatingand quenching to adepthnot exceeding 0.125inch 
although in special cases and with special alloys case 
depths up to 0.500 inch have been reached. 

Flame hardening consists of heating the surface by 
means of a torch. The gases used can be city gas and 
air, natural gas and air, or oxygen and acetylene. 
Usually oxygen and acetylene are used because of the 
tremendous heat value in‘comparison with the first two. 

The torches used for heating are designed for the 
Particular function, and. in many cases the hardening is 
done progressively, i. e., either the piece to be hardened 
Moves at a constant speed under the fixed torch, and 
's heated and quenched progressively as it moves; 
or the work is stationary and the torch moves at a con- 
.p tolled rate of speed. 

Greater hardnesses than can be obtained by mass 
heating and quenching can be obtained in this manner. 
Distortion is held to a minimum, thus reducing stock 
eft for finishing. In many cases the dimensional effect 
has been found to be so little that the only operation 
following flame hardening is that of polishing. Flame 
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strengthening is a form of flame hardening, wherein the 
object is to increase the strength of the steel by estab- 
lishing stresses in the surface of the piece to counteract 
the expected stresses to be met in service. 


INDUCTION HARDENING 


Hardening by the use of induction heating is done to 
develop a hard, wear-resisting surface at any desired 
spect. Thus a part does not have to be entirely hard- 
ened, which might endanger its toughness, ductility, 
machinability, and dimensions. 

The success of maintaining the above core properties 
while obtaining a hardened exterior is due to the ex- 
treme speed of high frequency induction heating. 
Heating cycles are figured in seconds and fractions of 
seconds instead of hours, as ordinary heating time is 
considered. 

The heat starts at the surface of the piece and, as 
usually carried out, the maximum depth of hardness de- 
sired is not over 0.030 inch to 0.040 inch. Ina heating 
cycle of less than 10 seconds the temperature of the 
metal one-quarter of an inch below the surface has not 
been appreciably altered. 

The higher the frequency the faster is the rate of 
heating. Sets for induction hardening have frequencies 
between 9600 and 500,000 cycles, but with ultra high 
frequencies approaching 1,000,000 cycles a second heat- 
ing times will be cut to fractions of seconds and depths 
of hardness figured precisely. : 

The remarkable feature of induction heating for 
hardening is the precision with which it can be con- 
trolled. Heating cycles and quenching cycles are con- 
trolled electrically, and once a setup has been established 
and heating time and quench period determined, the 
millionth piece will have exactly the same properties as 
the first one. 

Inasmuch as the frequency determines the rate of 
heating and consequently affects the depth of harden- 
ing, induction heating machines of lower frequencies are 
used for deep heating instead of skin heating. Sets with 
frequencies between 1000 and 9600 cycles are used for 
deep heating of metal for forging, with the same pro- 
portional saving in heating time as is saved on heating 
for hardening. 

The heat treating practices just discussed are but a 
few of those going on night and day in every heat treat- 
ing department in the country. The methods dis- 
cussed have all been simple ones. Some procedures 
being followed today are quite complicated, perhaps 
more so than they need be with further experimenta- 
tion, but all the processes have one purpose: the mak- 
ing of a better steel for a better tool for a better 
product. 


Notes 


Dr. C. B. Gustafson, Chairman of the 6th Summer 
Conference, has announced that the invitation of Con- 
necticut College, New London, Connecticut, has been 
accepted as a meeting place for the Conference during 
the last part of August. 
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The N.E.A.C.T. meeting scheduled to be held in the 
Northern Division on April 8 was canceled. The an- 
nual meeting will be held in Boston in May at the Me- 
chanic Arts High School, jointly with the Eastern Asso- 
ciation of Physics Teachers and the New England Bio- 
logical Association. 

Mr. G. Chase Davis, Jr., Senior High School, New 
Britain, Connecticut, has been appointed to the Honor- 
ary Membership Committee to fill the vacancy caused 
by the death of Miss Sue C. Hamilton. 


225th Meeting—February 12, 1944 
New Bedford State Textile School 
New Bedford, Massachusetts 


THE New Bedford State Textile School, New Bed- 
ford, Massachusetts, was host to the 225th meeting of 
the N.E.A.C.T. Arthur N. Harriman, mayor of New 
Bedford, welcomed the Association to the city and about 
one foot of snow. Members and guests made a tour of 
the school and were shown the processing of cotton 
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from the bale to finished thread and cloth. Mr. Harold 
B. Sturtevant, chemist and technical consultant of the 
Albi Chemical Corporation, New York, discussed 
“Chemistry in textiles,” and the final talk was given by 
Mr. Henry E. Millson, Calco Chemical Company, 
Bound Brook, New Jersey, ‘Queer forms of light.” 
This last included artistic demonstrations of fluores. 
cence, phosphorescence, and chemiluminescence. 


NEW MEMBERS 


Grace L. Arnold, Hope High School, Providence, Rhode Island 

Mrs. John C. Barton, Teachers College of Connecticut, New 
Britain, Connecticut 

Mrs. Gail P. Carley, Moravian College for Women, Bethlehem, 
Pennsylvania 

Francis P. Carroll, Boston Latin School, Boston, Massachusetts 

Michael Cefola, University of Chicago, Chicago, Illinois 

Randall H. Gifford, Public High School, Hartford, Connecticut 

Morris A. Leaffer, Wesleyan University, Middletown, Connec- 
ticut 

Philip A. Lyon, Rogers High School, Newport, Rhode Island 

Edward Victor, Boston University, Boston, Massachusetts 


LABORATORY TEACHING PRACTICES IN QUANTITATIVE CHEMICAL ANALYSIS 
(Continued from page 179) 


tative students do better work on the calibrations, the 
authors find, when they know that unknowns are 
going to be given out to check them. 


RECORDING OF DATA 


The authors require quantitative students to use a 
duplicate copy data book, pages 8.25” X 10.75”, and 
when a page has been completed the student dates it, 
signs it, and turns in the duplicate carbon copy. The 
duplicates are filed and the folder marked with the 
student’s name. This procedure has several advan- 
tages. A copy of the student’s data book is always 
available for examination. The altering of figures is 
discouraged, and if a student loses his notebook the 
data are still available in carbon copy form. This type 
of notebook is manufactured for us by the National 
Blank Book Company, Holyoke, Massachusetts. 


REPORTING AND GRADING OF RESULTS 


Results should be reported in a way that teaches the 
students responsibility. The authors give out samples 
in coin envelopes with code numbers written on them. 
The student is given the responsibility of correctly in- 
cluding this in his report, with the understanding that 
an incorrectly reported code number or none at all will 
result in a failure. For reporting their results the 
students use 3” X 5” cards which have on them space 
for important data (weights of samples and precipi- 
tates, and the volumes and normalities of standard 
solutions used). Data can then be checked against 
the carbon copy notebook pages, so that the altering of 
results is discouraged. 

Students are also warned at the beginning of the 
course that results once handed in cannot be changed, 
even if mathematical errors or other errors are later 


found. This rule was adopted because students are 
under no real time pressure in calculating results, as 
they would be in an examination, and it is excellent 
training for them to have to do it correctly the first time. 

The authors grade results by use of a number repre- 
senting the error in parts per 1000 (usually). The 
number is referred to by students as their ‘‘golf score,’ 
since the lower it is the better. The basis for comput- 
ing the error is occasionally varied, as in the weight 
calibration unknown, where it is in parts per 10,000, 
and in the gravimetric determination of silica, where it 
is in parts per 500, because of the greater difficulty of 
this analysis. 

A maximum of 33 parts error is given for any single 
determination, regardless of how poor the result. This 
prevents one bad result from ruining a laboratory 
grade. At the end of the semester the errors for the 
determination are totaled and the sum is converted into 
a number similar to a per cent by the formula: 


Laboratory grade = 

_ 100 — (8) (total error)/(total number of determinations! 
Thus a student with a total error of, say, 20 parts for 
10 determinations will have a laboratory grade of 94, 
while one with the maximum total error of 330 parts 
will have a laboratory grade of practically zero. Two- 
fifths of the course grade is determined by the labora 
tory work, one-fifth by the weekly problem quizzes, 
and two-fifths by the examination average. 

The turning in of analytical results in duplicate 
encouraged but is not made an absolute requirement 
since in this case a student who is behind in his work 
with one result that he is sure of, but no check, is apt 
to arrive at a check result very quickly by the graphite 
cellulose method, and conditions leading to this prac 
tice should obviously not be encouraged. 
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RECENT BOOKS 


How TO SOLVE PROBLEMS IN QUALITATIVE ANALysIs. J. A. 
Babor, Associate Professor of Chemistry, College of the City 
of New York, and J. W. MacAlpine, Assistant Professor of 
Chemistry, New York University. Revised edition. Thomas 
Y. Crowell Company, New York, 1943. iv+ 92 pp. 14 X 21 
em. Paper covers, cloth back. $0.75. 

After a short introductory chapter explaining exponential 
arithmetic and logarithms, illustrative exercises and problems 
are given which pertain to the following topics: concentrations 
of solution, oxidation-reduction reactions (the on-electron 
method is used for balancing the equations), dissociation of weak 
electrolytes, solubility-product principle, the salt-effect, com- 
mon-ion effect, the water equilibrium and hydrolysis, and finally 
complex ions. Answers are given for all problems. The data 
in many of the exercises are taken from published research work, 
to which references are given. The explanations are written 
in simple language and the problems are relatively easy, the 
collection obviously having been designed for elementary stu- 
dents. While the dimensional method of handling units is 
mentioned (page 51), it is not used in the illustrations. Within 
the limitations set by the elementary level this problem book 
has been carefully and competently compiled and can be recom- 
mended without reserve. LAURENCE §S. FOSTER 


UNIVERSITY OF CHICAGO 
Cuicaco, ILLINOIS 


LABORATORY MANUAL OF BIOCHEMISTRY. Benjamin Harrow, 
Gilbert C. H. Stone, Harry Wagreich, Ernest Borek, and Abra- 
ham Mazur, Chemistry Department, City College, College of 
the City of New York. Second Edition, revised. W. B. 
Saunders Company, Philadelphia, 1944. v + 132 pp. 23 
figs. Q9tables. 15.5 X 23.5em. $1.50. 


This is a new edition of a laboratory manual first published 
in 1940 to provide simple experiments which will demonstrate 
certain phases of the subject matter covered in Harrow’s ‘‘Text- 
book of Biochemistry.” Minor improvements have been made 
in a few experiments, and several new experiments have been 
introduced. This manual remains a good guide for laboratory 
courses in biochemistry. 

ABRAHAM WHITE 


: YALe UNIVERSITy 
New Haven, ConngecTICUT 


Quantitative ANALysis. Eugene W. Kanning, Associate 
Professor of Chemistry, Indiana University. Revised Edi- 
tion. Prentice-Hall, Inc., New York, 1941. xx + 471 pp. 
15 X 22.5cm. $3.70 ($3.00 to schools). 

The first edition of this text, published in 1938, contained 304 
pages. In his preface the author states: ‘‘A large part of the 
content has been rewritten and enlarged in order to effect modifi- 
tations that class use has indicated as desirable.” The reviewer 
will be interested to see if the next edition shows a comparable 
crease. Will the author be able to resist the present trend 
to make textbooks thicker for fear that someone will not find a 
complete exposition of the field in even an introductory text? 

“The skilled analyst draws from a vast background of chemical 
knowledge.” ... “The instructor in an introductory course 
M quantitative analysis must work with students who possess 
but little of this essential background. He must develop the 
general principles of both theory and laboratory technique, and 
Present carefully selected analytical problems to illustrate the 
theory and provide for the acquisition of manipulative skill. 
The author has sought to solve these problems by writing a 
‘ext which has a logical sequence in both theory and laboratory 
periments. With this in mind, the theoretical and experi- 
mental divisions are definitely set apart. This permits the in- 
Structor to use either section without discontinuity.” 


Part I (265 pp.) gives a good treatment, on the proper level, 
of the essential laws and theories. It also contains general in- 
structions concerning the execution of various quantitative 
methods, and the principles of gravimetric and titrimetric pro- 
cedures. More advanced physicochemical methods (electro- 
deposition, colorimetry, electrometric titrations) are given in 
enough detail and variety to provide the exceptional sophomore 
or junior with an opportunity to become acquainted with these 
methods of achieving analytical goals. A group of questions 
closes each chapter. 

Part II (135 pp.) contains representative illustrative deter- 
minations that have become standard exercises for the novice or 
adolescent analyst. ‘‘Each experiment is presented in four parts: 
(a) principles which include a review of the fundamentals that 
form the background for the procedure; (b) procedure, which 
consists of detailed instructions required for the analysis; (c) 
notes, which explain the various steps in the procedure, the 
errors that might occur, and the limitations and applications of 
the procedure; (d) questions and problems, which are exercises 
pertinent to the fundamentals and applications of the experi- 
ment.” ... ‘Throughout Part II close collaboration with the 
treatment in Part I is accomplished.” 

The Appendix (38 pp.) contains tables of the necessary data, 
factors, a five-place logarithm table, prescriptions for reagents, 
a short list of books, and the answers to the stoichiometric 
problems. 

Quantitative analysis is an art, or, according to some, a craft. 
Clifton Fadiman once wrote: ‘‘An art is something you have to 
learn. To learn an art requires a teacher.’’ No text in this field 
can take the place of a competent teacher, who actually works 
with the students in the laboratory, particularly in the early 
stages of the course. This book will serve as an excellent supple- 
ment to the instructor’s explanations and demonstrations. It 
has the great virtue of not attempting too much and of staying 
at a level consistent with the chemical maturity of its probable 
readers. It is written in plain language, the explanations are 
lucid, the directions are easy tocomprehend. A student who has 
creditably covered the bulk of the material of this text will be 
well prepared to (1) face the analytical problems presented by 
courses in organic or physical chemistry; (2) pursue advanced 
courses in analytical chemistry; (3) understand a report sub- 
mitted by an analyst; (4) take a job in an industrial laboratory. 
The publishers have given the text an attractive format. : 

RatpuH E. OESPER 


UNIVERSITY OF CINCINNATI 
CiNCINNATI, OHIO 


Out oF THE Test Tuse. Harry N. Holmes, Oberlin College. 


Emerson Books, Inc., 
15 X 23 cm. 


Fourth Edition, revised and expanded. 
New York, 1943. x + 311 pp. 103 figs. 
$3.00. 

This is the fourth edition:‘of Dr. Holmes’ popular book which 
compresses into one volume the dramatic story of chemistry. 
The text and illustrations fairly sparkle as he tells the story of 
chemistry’s far-reaching influence on our modern life. This 
edition is completely revised to include a chapter on “Strategic 
raw materials” and “Chemistry after the war.” It has been 
said of this book that it is ‘‘the best popular discussion of chemis- 
try since the publication of Slosson’s ‘Creative Chemistry.’”’ 

“If you are one of those intelligent, yet non-technical people 
who have interest in chemistry and would like to penetrate 
beyond its ‘wonders’ to an appreciation of its methods: 

“If you want to understand our research, our reasoning, in 
order that you may relate chemistry to daily life, to economics, 
to social relations, to the arts, to national defense, and to world 
affairs,”” says the author’s preface, ‘‘Then to you, in your easy 
chair, this book is dedicated.”’ 
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And the reviewer would add: To you in the classroom, to- 
day’s children but tomorrow’s men and women, this book is also 
dedicated, for the reviewer herself is a product of the creative 
work of E. E. Slosson and the wisdom of ‘‘Out of the Test Tube.” 
Chemistry is fortunate to have a spokesman like Dr. Harry N. 


Holmes. 
GRETA OPPE 


BALL HiGH SCHOOL 

GALVESTON, TEXAS 
SYNTHETIC RESINS AND RusBBeErs. Paul O. Powers, Chief, 

Organic Research, Armstrong Cork Company. John Wiley & 

Sons, Inc., New York, 1948. v+296pp. 49figs. 42 tables. 

14 X 20cm. $3.00. 

This is a very good book. In its 296 pages it contains an 
amazing amount of good and accurate information on the subjects 
covered by its title. Much of the material had been used in 
ESMDT and ESMWT courses. It is well classified and seems to 
unfold in a logical sequence and an ever-expanding array of aston- 
ishing reactions and properties of substances in this most interest- 
ing and useful field. The author had the able assistance of Dr. 
K. H. Weber who not only helped in writing the manuscript but 
also wrote the chapter on ‘“‘Synthetic rubbers,’’ and of Mr. A. S. 
Hussey who collaborated in writing the chapter on ‘Phenol 
aldehyde resins.” : 

Besides the chemistry of the reactions and their complete and 
well-printed structural formulas, there are also given very good 


OF LESS AND LESS 


Vacuum distillation permits volatilization at tem- 
peratures well below the danger point and has, in recent 
years, become of great importance in the manufacture 
of vitamins A and E. The potential importance of this 
new field may be judged from the trend in petroleum 
technology, as in other fields, toward isolation of a 
single molecular species from complex mixtures. 

Low temperatures are especially desirable in pre- 
serving foods by dehydration, for at the normal tem- 
perature of hoiling water many of the delicate food 
flavors and other characteristics are destroyed or re- 
moved. The new drug, penicillin, a heat-sensitive 
organic chemical, must also be dried at low temperatures 
to avoid decomposition. The National Research 
Corporation vacuum diffusion process has been adopted 
by most of the largest new government penicillin 
plants for dehydrating the frozen material on an in- 
dustrial scale. 

The F. J. Stokes Machine Co. has recently announced 
development of equipment of 24-ton daily capacity, 
using mechanical pumps, for “desiccation from the 
frozen state,” by which the water in a frozen food prod- 
uct is evaporated out at 20° to 40°F. below zero. A 
light porous framework of the original product remains 
and reportedly can be rehydrated easily. This process 
has been used for some time for blood plasma and drug 
products, and costs are said now to be within reach 
of the food industry. It is expected that a plant to 
dehydrate orange juice for the government will be in 
operation in Florida soon, despite the poor results of 
many past orange-juice-preservation projects using 
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histories of the reactions, many helpful charts and tables, q 
methods of manufacture and commercial uses of the importa 
products. The polymers of commercial importance are ¢ 
scribed in greater detail than those of only theoretical interes, 
At the end of each chapter are several thought-provoking revig 
questions and references to pertinent books and articles in ti 
literature. Only chemical names are used in the text since 
author’s charts prepared for ‘‘Plastics Catalog, 1948” give 
trade names. However, the addition of the trade names woul 
be useful. 

The following list of the contents of the book indicates 
wide range of subjects covered: Theories of Polymer Formation: 
Condensation Polymers, phenol aldehyde, urea and melami 
formaldehyde resins, polyesters and polyamides; Vinyl Polymer 
polyvinyl acetate, chloride, alcohol and ethers, polyvinylideng 
chloride, acrylate and methacrylate resins, polystyrene, and 
hydrocarbon resins; Synthetic Rubbers, polychloroprene, poly. 
butadiene, polysulfide and polybutene rubbers; Resins fro 
Natural Products, cellulose nitrate, cellulose esters of organi¢ 
acids, cellulose ethers, and resins from rubber; and Applicationd 
Synthetic Resins, solvents and plasticizers, and synthetic resi 
as plastics and in synthetic coatings. 

In a book of this kind with so much excellent information, # 
more complete index would be very desirable. 

Harry L. FISHER 


U.S. INDUSTRIAL CHEMICALS, INC. 
STAMFORD, CONNECTICUT 
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other methods. This company is also developing the 
use of diffusion pumps. 

An entirely different application of vacuum evapora 
tion lies in the manufacture of optical glass. Here, 
an exceedingly thin film of magnesium chloride is 
condensed on the glass surface at temperatures far 
below the normal boiling temperatures of magnesium 
chloride, and well below the softening point of the glass. 

Many chemical reactions will not proceed to com 
pletion unless the products are removed as rapidly a 
formed. In the ferrosilicon process for magnesium 
manufacture, for example, the newly formed metdl 
must be removed promptly by evaporation in high 
vacuum to make room for further reaction. Nationa 
Research’s diffusion pump is widely used to maintail 
this vacuum in government magnesium plants. Simi: 
lar application of this principle to other metallurgical 
reactions, particularly with the more uncommol 
metals, is expected to be worked out in the future. 

Normally, the expense of high-vacuum pumping 
is not great, since the materials evaporated are usually 
condensed by one of various methods within the 
vacuum chamber, and the pump handles only the aif 
or other permanent gases which leak in. Equipmett 
costs are considerable, and would be prohibitive 
but for the surprisingly rapid rates of evaporation. 
Service costs are normally moderate. In vacuui 
drying, for example, steam and water costs are said 
to be comparable to those of atmospheric pressuft 
drying operations.—Industrial Bulletin of Arthur D. 
Little, Inc. 








SARGENT 14 WATER BATH 


in low price field offers full visibility— simplifies operation and assembly 


Spear ENG thermoregulator and circulating- 

heating unit in a light-weight one-piece 
casting increases the proportion of usable bath 
space, simplifies assembly and eliminates all ad- 
justable supporting devices. Entire operating unit 
lifts from top of container. 


Calibration marks and liquid levels can be ob- 
served through transparent, unobstructed wall of 
bath without sacrificing accuracy. 


Sargent heating-circulating system assures uni- 
formity of temperature at every area to be within 
+0.25°C. Accuracy of regulation, +0.25°C. The 
linear expansion type thermoregulator is equip- 


) 


ped with temperature reference dial to facilitate 
selection of temperatures from 0° to 60° C. Cool- 
ing coil permits operation of bath below room 
temperature. 


Width of Pyrex jar, 12 inches; depth of jar, 
12 inches; water depth, 11 inches. Complete bath 
consists of heating-circulating unit and thermo- 
regulator, pilot light, Pyrex glass container, con- 
stant level device, cooling coil, and cord and 
plug. For operation from 115 volt A.C., 60 cycle 
single phase circuits. — 

S-84860 SARGENT CONSTANT TEMPERATURE WATER 
BATH. As described, with cooling coil $80.00 


E. H. SARGENT & CO., 155-165 E. Superior Street, Chicago 11, Illinois 


Michigan Division: 1959 East Jefferson, Detroit 7, Michigan 
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HE Combined Book Exhibit is sponsored by 

the Division of Chemical Education and is 
made possible by the cooperation of twenty-four 
leading book publishers. Books on almost every 
phase of chemistry will be on display. They will 
be arranged on the shelves in the same order in 
which they appear in this list. Members attending 
the Cleveland meeting of the American Chemical 
Society are invited to visit the exhibit. 


GENERAL AND INORGANIC 


BaBor, JOSEPH A. and LEHRMAN, ALEXANDER. General College 
Chemistry. (Revised and reset 1940) 659 pp $3.75 Cro- 
well. 

Bapor, JOSEPH A. and LEHRMAN, ALEXANDER. Introductory 
College Chemistry. 1941 662 pp $3.50 Crowell. 

BaBor, JOSEPH A. and KREMER, CHESTER B. How to Solve 
Problems in General Chemistry. 88 pp 75ce 1941 Crowell. 

BasBor, JOSEPH A. and LEHRMAN, ALEXANDER. Laboratory Man- 
ual for General College Chemistry. (Revised and reset 1940) 
289 pp $1.75 Crowell. 

Basor, JosePH A. and LEHRMAN, ALEXANDER. Laboratory Man- 


ual for Introductory College Chemistry. 1941 276 pp 
$1.75 Crowell. 
Bapor, JOSEPH A. and LEHRMAN, ALEXANDER. Selected Expert- 


ments from Laboratory Manual for Introductory College Chemis- 
try. 1944 128 pp $1.00 Crowell. 

Bray-LaTIMER. A Course in General Chemistry (8rd Edition). 
1940 206 pp $1.75 Macmillan. 

BRINKLEY. Introduction to General Chemistry (2nd Edition). 
1938 731 pp $3.50 Macmillan. 

BRINKLEY. Principles of General Chemistry (8rd Edition). 1941 
703 pp $3.75 Macmillan. 

Briscoz, HERMAN T. An Introduction to College Chemistry. 
1940 659pp $3.40 Houghton Mifflin. 

BRISCOE, HERMAN T. General Chemistry for Colleges (38rd Edi- 
tion). 1943 944 pp $4.25 Houghton Mifflin. 

Briscoz, HERMAN T., Hunt, HERSCHEL, and Wurtacre, F. M. 
A Laboratory Manual of General Chemistry. 1936 288 pp 
$1.90 Houghton Mifflin. 

CaRTLEDGE. Introduction to Inorganic Chemistry. 
pp $3.60 Ginn and Company. 

CHapPIN and STEINER. Second Year College Chemistry (5th Edi- 
tion). 1943 575 pp $3.75 John Wiley. 

CRUMPLER and Yor. Chemical Computations and Errors. 1940 
247 pp $3.00 John Wiley. 

Davipson, Lupgr, McGutre, ZUFFANTI, AUDRIETH, MOELLER 
and GrineLtt. More Acids and Bases. 1944 88 pp $1.00 
Journal of Chemical Education. 

Deminc. Fundamental Chemistry. 
Wiley. 

DemInGc. General Chemistry (5th Edition). 
$3.75 John Wiley. 

DeminG and Henpricxs. Introductory College Chemistry (2nd 
Edition). 1942 521 pp $3.00 John Wiley. 

Epuraim. Inorganic Chemistry (4th Revised Edition). 1944 
950 pp. $9.25 Nordeman. 

FERNELIUS, GARRETT and Quit. Fundamentals in Chemistry 

for the Laboratory. 1941 360pp $2.25 Ginn and Company. 


1935 609 


1940 756pp $3.50 John 
1944 706 pp 
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COMBINED BOOK EXHIBIT 


Public Huditerium, Cleueland, Ohio 
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Foster, WituiaM. The Elements of Chemistry (3rd Edition 
1937 706 pp $3.25 Van Nostrand. 
Foster, WILLIAM and ALygEA, Hupert N. 
General Chemistry (2nd Edition). 1941 

Nostrand. 

GaRRETT, QuILL and VERHOEK. Introductory Chemistry for th 
Laboratory. 1942 240 pp $1.60 Ginn and Company. 
GotpsiatTtT, L. A. Collateral Readings in Inorganic Chemis 

(Second Series). 1942 198 pp $1.40 D. Appleton-Ce 
tury. 
Hay, Briscozr, HAMMETT, JOHNSON, ALYEA, McReEynow 
HAZLEHURST and LupER. Acids and Bases (A Collection i 





An Introduction 
790 pp $3.75 Vs 















Papers). 1941 102 pp $1.00 Journal of Chemical Edu 
tion. 

HILDEBRAND. Principles of Chemistry (4th Edition). 1% 
359 pp Macmillan 





HoLmMEs. General Chemistry (4th Edition), 1941 729 » 
$3.75 Macmillan. 

Hoimes. Introductory College Chemistry (3rd Edition). 19% 
619 pp $3.50 Macmillan. 

KaArASCH, NORMAN and MACKENZIE, HELEN, S._ Essentials 
College Chemistry. 1942 513 pp $3.50 Van Nostrand. 

LATIMER-HILDEBRAND. Reference Book of Inorganic Chemistr} 
1940 583 pp $4.00 Macmillan. 

McCurcueEon, T. P., SELTz, Harry, and WARNER, J.C. Cet 
eral Chemistry (8rd Edition). 1939 685 pp $3.75 Va 
Nostrand. 

McPHERSON, HENDERSON, FERNELIUS and QuiLL. [ntrodui 
tion to College Chemistry. 1942 608 pp $3.50 Ginn ail 
Company. 

McPHERSON, HENDERSON, Mack and FERnNgLIuS. Chemistr} 
A Textbook for Colleges. 1940 762 pp $4.00 Ginn am 
Company. 

MarkuHam, E. C. and SmituH, SHERMAN. General Chemis!’ 
Problems. 1942 198 pp $1.25 Houghton Mifflin. 

MAYNARD, J. Lewis and Taytor, T. I. A Laboratory Man 
for General Inorganic Chemistry. 1944 568 pp Van Nostrav 

Morton, J. R., CLippincer, D. R. and Esuin, L. P. A Labor 
tory Program for General Chemistry. 1944 280 pp Houghto 
Mifflin. 

NECKERS, J. W., ABBoTT, T. W., and VAN LenTE, K.A. Experi 
mental General Chemistry. 1941 282 pp $1.75 Crowell. 






























ParTINGTON. Textbook of Inorganic Chemistry. 1937 | 
pp $4.60 Macmillan. 
PARTINGTON-STRATTON. Intermediate Chemical  Calculatio 





1940 239pp $1.80 Macmillan. 
RICHARDSON, LEON B. and ScaRLETT, ANDREW J. Brief Colle 
Chemistry. 1942 385 pp $3.00 Henry Holt. 
RICHARDSON, LEON B. and SCARLETT, ANDREW J. Genel 
College Chemistry. 1940 683 pp $3.85 Henry Holt. — 
ROSCOE-SCHORLEMMER. Treatise on Chemistry (5th Editio! 
Revision by Dr. Cain (Volume I). 1920 ° 968 pp. 9% 
Macmillan. 

SNEED, M. CANNON and Maynarp, J. Lewis. 
Chemistry. 1944 861 pp Van Nostrand. 
VON STEIN, P. 7 Reagents in Inorganic Analysis. | 

242 pp $4.50 Chemical Publishing Co. 
Spicer, TAYLor and CLary. General Chemistry Problems. 1% 
120 pp $1.25 John Wiley. 
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Bowpen. Man's Physical Universe (2nd Edition). 1943 ° 
pp $4.00 Macmillan. 
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STATISTICAL ADJUSTMENT OF DATA 


By W. EDWARDS DEMING, Head Mathematician, 
Bureau of the Census. 

A practical textbook in statistical adjustment. Different 
kinds of problems are unified and brought under one general 
principle and solution. Suitable for courses in graduate 
chemistry, physics, sociology, agriculture, or biology. 


261 pages; 514 by 834; $3.50 


QUANTUM CHEMISTRY 


By HENRY EYRING, Professor of Chemistry, Princeton 
University; JOHN WALTER, Instructor in Physics, 
Princeton University; and GEORGE E. KIMBALL, 
Assistant Professor of Chemistry, Columbia University. 


An advanced treatment, including discussions of the theory 
of reaction rates, optical activity, molecular structure, spec- 
troscopy, and group theory. Published in January. 


394 pages; 514 by 834; $5.00 | 


PRINCIPLES AND APPLICATIONS OF 
ELECTROCHEMISTRY 


Volume I. Principles 


By H. JERMAIN CREIGHTON, Professor of Chemistry, 
Swarthmore College. 


The new edition embodies the same general arrangement and 
grouping of topics as the old, but is brought up to date by 
the revision of old topics and the addition of considerable 
new material. 


Fourth Edition: 477 pages; 514 by 834; $5.00 


Volume II. Applications 
By W. A. KOEHLER, Professor of Chemical and Ce- 


ramic Engineering, West Virginia University. 

Includes new data on certain types of storage battery, on 
chlorine-caustic cells, on magnesium from sea water, on new 
types of furnace, on electroplating, and other important 
matters. Published in January. 


Second Edition: 573 pages; 514 by 83%; $5.00 


WILEY = 
RECENT WILEY BOOKS 


CHEMICAL PROCESS PRINCIPLES 


PartI. Material and Energy Balances 


By O. A. HOUGEN and K. M. WATSON, both Professors 
of Chemical Engineering, University of Wisconsin. 
This book covers the applications of physical chemistry, 
thermophysics, thermochemistry, and the first law of thermo- 
dynamics. 


152 pages; 514 by 834; $4.50 


SYNTHETIC RESINS AND RUBBERS 
By PAUL O. POWERS, Chief, Organic Research, Arm- 


strong Cork Co., Lancaster, Penna. 

This book is concerned with the chemistry of synthetic 
resinous materials and the raw materials from which they 
are made. It includes methods of manufacture, properties 
of finished materials, the relation of use to chemical composi- 
tion, and related matters. 


296 pages; 514 by 834; $3.00 


A LABORATORY MANUAL OF PLASTICS 
AND SYNTHETIC RESINS 


By é. F. D’ALELIO, Director of Research, Pro-phy- 
lac-tic Brush Co., Florence, Mass. 


The first laboratory manual of its kind. Supplies essential 
technical data for performing laboratory experiments and 
analyzing those materials used in the manufacture of plastics. 
For college students who have had organic chemistry. 


134 pages; 714 by 1014; Paper; $2.00 


GENERAL CHEMISTRY PROBLEMS 


By W. M. SPICER, Associate Professor of Chemistry; 
W. S. TAYLOR, Professor of Chemistry; and J. D. 
CLARY, Assistant Professor of Chemistry; All at the 
Georgia School of Technology. 


Teaches—the necessity for the justification of each step in 
the solution of problems; the importance of thinking in terms 
of chemical units; the elementary ideas about significant 
figures; the use of logarithms and the slide rule; the im- 
portance of mentally checking all results. 


120 pages; 514 by 83¢; $1.25 


(For other NEW WILEY BOOKS, see page IV) 


JOHN WILEY & SONS, 


440 Fourth Avenue 
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Cueronis, N. D., Parsons, J. B., and RoNNEBERG, C. E. A 
Study of the Physical World. 1942 908pp $3.85 Houghton 
Mifflin. 

Dyer, WALTER S. Practical Survey of Chemistry. 1941 480 
pp $2.90 Henry Holt. 

ExuReEtT, SPOCK, SCHNEIDER, VAN DER MERWE and WAHLERT. 
Physical Science. 1942 639 pp $3.90 Macmillan. 


HIGH SCHOOL TEXTS 


Aurens, BusH and Eastey. Living Chemistry. 1942 546 pp 
$2.28 Ginn and Company. 

Ames, Maurice U. and JAFFE, BERNARD. Laboratory and Work- 
book Units in Chemistry. 1940 320 pp $1.28 Silver Bur- 
dett. 

BLacK AND Conant. New Practical Chemistry (Revised Edi- 
tion). 1942 668 pp $2.20 Macmillan. 

Braver. Chemistry and Its Wonders. 1938 768 pp $2.20 
American Book. 

Hocc, Joun C., and BickeL, CHARLES L. Elementary General 
Chemistry. 1941 603 pp $2.12 Van Nostrand. 

JaFFE, BERNARD. New World of Chemistry. 1942 704 pp 
$1.96 Silver Burdett. 


ANALYTICAL 
Qualitative 


Basor, JOSEPH A. and MACALPINE, J. KENNETH W. How to 
Solve Problems in Qualitative Analysis. 1943 93 pp 75c 
Crowell. 

Brown, F. E. A Short Course in Qualitative Analysis (Revised 
Edition). 1942 367 pp $2.60 D. Appleton-Century. 

BELCHER, J. E. and Witiiams, G. T. A Course in Qualitative 
Analysis Based on Macro and Semi-Micro Methods (A text and 
laboratory manual). 1938 275 pp $2.60 Houghton Mif- 
flin. 

Curtman. A Brief Course in Qualitative Chemical Analysis. 
1936 249 pp $2.50 Macmillan. 

CurRTMAN. (Qualitative Chemical Analysis (2nd Edition). 1938 
514 pp $3.75 Macmillan. 

CurTMAN-Epmonps. Calculations of Qualitative Analysis. 1940 
156 pp $2.25 Macmillan. 

ENGELDER. (Qualitative Analysis (38rd Edition). 1942 344 pp 
$2.50 John Wiley. 

Evans, Day and Garrett. An Elementary Course in Qualita- 
tive Analysis. (New Edition, 1942). 240 pp $2.25 Ginn 
and Company. 

Faves, Harotp A. and Kenny, Freperic. Inorganic Qualita- 
tive Analysis. 1943 237 pp $2.65 D. Appleton-Century. 
FEIGL, Fritz. Laboratory Manual of Spot Tests. 1943 284 pp 

$3.90 Academic Press. 

FeicL, F. Qualitative Analysis by Spot Tests. (2nd English 
Edition) 1939 461 pp $7.00 Nordeman. 

FEIGcL, F. Specific and Special Reactions for Use in Qualitative 
Analysis (Translated from 3rd German Edition). 1940 192 
pp $3.50 Nordeman. 

Hartsucu. Elementary Qualitative Analysis. 1943 274 pp 
$2.75 John Wiley. 

Hocnsss, T. R. and Jounson, W. C. Qualitative Analysis and 
Chemical Equilibrium. 1940 (Revised) 538 pp $3.00 
Henry Holt. 

Hocness, T. R. and Jounson. W. C. Ionic Equilibrium as Ap- 
plied to Qualitative Analysis. 1941 306 pp $2.15 Henry 
Holt. 

MCALPINE, Roy K. and SouLe, Byron A. Fundamentals of 
Qualitative Chemical Analysis (2nd Edition). 1941 373 pp 
$2.50 Van Nostrand. 

McALPINE, Roy K. and Soute, Byron A. Introduction to 
Qualitative Chemical Analysis. 1939 118 pp $1.50 Van 
Nostrand. 

McALPINnE, Roy K. and Souz, Byron, A. Prescott and John- 
son’s Qualitative Chemical Analysis. 1933 707 pp $4.50 
Van Nostrand. 

MELDRUM and FLosporr. Qualitative Analysis. 1938 244 
pp $1.25 American Book. 

MeE.LpRuM, FLosporF and Daccetr. Semimicro Qualitative 
Analysis of Inorganic Materials. 1939 368pp $2.75 Ameri- 
can Book. 
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MELLAN. Organic Reagents in Inorganic Analysis. 682 | 
$9.00 1941 Blakiston. 

Noyes-Bray. System of Qualitative Analysis. 1927 536, 
$5.50 Macmillan. 

Noyes-Swirt. Qualitative Chemical Analysis (10th Edition) 
1942 418pp $2.75 Macmillan. 

REEDY. Elementary Qualitative Analysis (8rd Edition). 194 
156 pp $1.50 McGraw-Hill. 

SmitH, J. L. B. A Simplified System of Organic Identificatin, 
1942 48 pp $1.50 Chemical Publishing Co. 

TREADWELL and HAL. (Qualitative Analysis (9th Edition) 
1937 630 pp $4.50 John Wiley. 

VosBuRGH. Iniroductory Qualitative Analysis (2nd Edition) 
1938 222 pp $2.25 Macmillan. 


Quantitative 


ARENSON, SauL B. How to Solve Problems in Quantitative Analy 
sis. 1942 89pp 75c Crowell. 

ARENSON, SAUL B. and RrgvEscHL, GEoRGE. Quantitative Analy 
sts. 1944 200pp $1.00 Crowell. 

BootH and DAMERELL. Quantitative Analysis (2nd Edition) 
1943 303 pp $2.50 McGraw-Hill. 

ENGELDER. Elementary Quantitative Analysis (3rd Edition) 
1943 283 pp $2.75 John Wiley. 

Groves, A. W. Silicate Analysis. 1937 230 pp $43 
Nordeman. 

HamILton-Smmpson. Talbot's Quantitative Chemical Analysi 
(8th Edition). 1937 297 pp $2.75 Macmillan. 

Ko.tuorr. Acid-Base Indicators. 1937 414pp $7.00 Ma 
millan. 

Ko.tHorF, I. M. and STencer, V. A. Volumetric Analysil 
(Volume I) The Theoretical Fundamentals. 1942 325 p 
$4.50 Interscience. | 

KOLTHOFF-SANDELL. Textbook of Quantitative Inorganic Analy 
sis (2nd Edition). 1943 794 pp $4.50 Macmillan. | 

MELLON. Methods of Quantitative Chemical Analysis. 19 
456 pp $3.00 Macmillan. | 

MeEtion, M. G. Quantitative Analysis Record Book. 1% 
200 pp $1.00 Crowell. 

PIERCE AND HAENISCH. Quantitative Analysis (2nd Edition) 
1940 462pp $3.00 John Wiley. 

PRODINGER, W. Organic Reagents Used in Quantitative Ino 
ganic Analysis (Translated from 2nd German Edition). 14) 
203 pp $5.00 Nordeman. 

RrEMAN, Neuss and NAIMAN. Quantitative Analysis (2nd Edi 
tion). 1942 496 pp $3.50 McGraw-Hill. 

SANDELL, E. B. Colorimetric Methods for the Determination ¢ 
Traces of Metals. 1944 500 pp $7.00 Interscience. 

SmiTH and SHEERAR. Quantitative Chemical Methods for Engi 
neering Students. 1944 175 pp $2.50 McGraw-Hill. 

SmiTH, J. L. B. and Rrnpt, M. Numerical and Constitution 
Exercises in Organic Chemistry. 1941 213pp $3.00 Chem: 
ical Publishing Co. 

TREADWELL and HALL. Quantitative Analysis (9th Edition). 
1942 806pp $6.00 John Wiley. 

VosBurGH, WARREN C. Introduction to Quantitative Chemical 
Analysis. 1941 356 pp $2.75 Henry Holt. 

WALDBAUER. Theoretical Quantitative Analysis, 248 pp $2.7) 
1940 Blakiston. 

WILLARD, Hopart H., FurmMAN, N. Howe t, and Fracc, Joa 
F. A Short Course in Quantitative Analysis. 1943 253 pp 
$2.50 D. Van Nostrand. 

WILLarD, Hopart H. and Direui, Harvey. Advanced Quanlr 
tative Analysis. 1943 457 pp $4.75 Van Nostrand. 

WILLARD, Hopart H., and Furman, N. Howey. Elementaty 
Quantitative Analysis, Theory and Practice (3rd Edition). 
1940 531 pp $3.25 Van Nostrand. 


Semimicro 


ARTHUR and SMITH. Semimicro Qualitative Analysis (2nd Et 
tion). 1942 322pp $2.75 McGraw-Hill. 
Burrows, ARTHUR and SMITH, Semimicro Laboratory Exercsst 
in General Chemistry. 1942 368 pp $2.50 Macmillan. ; 
Cueronis, NicHotas D. Semimicro and Macro Organic Chemss 

try. 1942 388pp $2.75 Crowell. 
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McGraw-Hill Announced 
a new textbook of the first importance 


TIMM’S 


GENERAL CHEMISTRY 


By JOHN ARREND TIMM 


Professor of Chemistry and Director of School of Science, Simmons College 
International Chemical Series 
In press — ready soon 


Here is a text that should quickly take its place among the few really top-notch books 
in the field of general chemistry. 
It is designed to meet the needs of those students who plan to use chemistry in their 


professional education, and is suitable for use both by those who have had no previous 
course in chemistry and by those who have completed an elementary course in a 


secondary school. 


N oteworthy Features 


4. The treatment of the theory is modern. The Lowry- 





iF 


Writing in a vigorous, almost conversational style, 
Professor Timm talks to the student as he would in his 
own classroom, explaining things clearly and graphi- 
cally in a manner that gives zest to the course and 
inspiration to the student. 


The sound modern approach is not encumbered with 
the remnants of dead theories that make so many texts 
unnecessarily difficult for beginners. 


More space than usual is devoted to a careful discussion 
of the fundamental theory. Repetition of important 
principles occurs frequently and in each case the treat- 
ment is more quantitative and complete. By this 
device review is encouraged; the student’s command of 
the subject is broadened, and the material more firmly 
fixed in his mind. 


Bronsted acid-base definitions are used consistently. 
The older definitions, however, are carefully pointed 
out as a special case that is incorporated in the general 
ones. Recent industrial developments are included. 


The material on atomic structure and the nature of 
valence has been applied to a study of the states in 
which matter may exist. The nature and magnitude 
of the forces of attraction between ions, atoms, and 
molecules are discussed so that the student may explain 
the fundamental physical properties of the substances 
that he investigates in the laboratory. 

Each chapter is followéd by a group of exercises, in- 
cluding both questions and problems. 

An unusually attractive format, and illustrations and 


drawings of exceptional quality and interest, have 
resulted in a truly distinctive example of bookmaking. 


Send for a copy on approval 


McGRAW-HILL BOOK COMPANY, Inc. 


330 West 42nd Street 


New York 18, N. Y. 
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CiarK, E. P. Semimicro Quantitative Organic Analysis. 1943 
140 pp $2.50 Academic Press. 

CurTMAN. Introduction to Semimicro Qualitative Analysis. 
1942 377pp $2.75 Macmillan. 

Dossins. Semimicro Qualitative Analysis. 1943 422pp $3.00 
John Wiley. 

ENGELDER, DUNKELBERGER and SCHILLER. Semimicro Quali- 
tative Analysis (2nd Edition). 1940 305 pp $2.75 John 
Wiley. 

Evans, GARRETT and QuILL. Semimicro Qualitative Analysis. 
1940 246 pp $2.25 Ginn and Company. 

FLAGG, JOHN F. and Line, WiLLarD R. Semimicro Qualitative 
Analysis. 1943 140 pp $1.50 Van Nostrand. 

KELSEY-Dretricu. Fundamentals of Semimicro Qualitative Anal- 
ysis. 1940 350 pp $2.75 Macmillan. 

SPOERRI, WEINBERGER and GINNELL. Principles of Qualitative 

Analysis. 1942 282pp $2.75 McGraw-Hill. 


Other Analytical 


Bropve. Chemical Spectroscopy (2nd Edition). 1943 677 pp 
$7.50 John Wiley. 

Burton and Kouv. The Electron Microscope. 1942 233 pp 
$3.85 Reinhold. 

Dote. TheGlass Electrode. 1941 332pp $4.50 John Wiley. 

FurMAN, N. HowE tt (Editor), Scott’s Standard Methods of Chemi- 
cal Analysis. In two volumes (5th Edition). 1939 2811 pp 
$17.00 Van Nostrand. 

Grips. Optical Methods of Chemical Analysis. 1942 391 pp 
$5.00 McGraw-Hill. 

Ko.LTHOFF and LAITENAN. pH and Electro Titrations (2nd 
Edition). 1941 190 pp $3.00 John Wiley. 

Mutuer, O1toH. The Polarographic Method of Analysis. 1941 
113 pp $1.00 Journal of Chemical Education. 

SNELL, Foster D. and SNELL, CoRNELIA T. Colorimetric 
Methods of Analysis (Volume I—Inorganic). 1936 789 pp 
$9.50 D. Van Nostrand 

SNELL, Foster D. and SNELL, CORNELIA T. Colorimetric Meth- 
ods of Analysis (Volume II—Organic, Biological and Miscel- 
laneous). 1937 834pp $9.50 D. Van Nostrand. 

TuHompson. A Course in Chemical Spectroscopy. 1938 93 pp 
$2.35 Oxford. 

Yor and Sarver. Organic Analytical Reagents. 1941 339 
pp $4.00 John Wiley. 


ORGANIC 


Apams. Organic Reactions (Volume I). 1942 391 pp $4.00 
John Wiley. 

Apams. Organic Reactions (Volume II). 1944 461 pp $4.50 
John Wiley. 

Apams and Jounson. Elementary Laboratory Experiments in 
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DEGERING, Ep. F. Fundamental Organic Chemistry (2nd Edi- 
tion). 485pp $3.00 John S. Swift. 
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Blakiston Books 


© WERTHEIM —Introductory Organic Chemistry 
By E. Wertheim, University of Arkansas 


This is a text for the short course stressing vital concepts. It is being successfully used 
in many schools. 82 lllus. 482 Pages. $3.00 (1942) 











Experiments in Organic Chemistry 


Designed to accompany “Introductory Organic Chemistry,”’ this manual offers a wide 
selection of experiments covering both “‘preparations” and “properties”. 34 Illus. 221 
Pages. $1.35 (1942) 









Textbook of Organic Chemistry 


This text provides material for students majoring in chemistry or specializing in or- 
ganic chemistry and for those taking premedical or chemical engineering courses. 


110 Illus. 830 Pages. $4.00 (1939) 









Laboratory Guide for Organic Chemistry, 2nd Edition 


This guide presents selected experiments for a year’s laboratory work. 24 Illus. 560 
Pages. $2.00 (1940) 


HILL & KELLE Y— Organic Chemistry 


By G. Albert Hill, Wesleyan University, and Louise Kelley, Goucher College. 


Material for a rigorous full year’s college course is provided in this widely used text. 919 Pages. $4.00 
(1943) 


WALDBAUER—Theoretical Quantitative Analysis 


By Louis Waldbauer, University of Iowa 


This book provides adequately for a two-semester course. Carefully prepared problems are given 
and frequent reference to laboratory procedure is made. 37 Illus. 248 Pages. $2.75 (1940) 


HAWK & BERGEIM—Practical Physiological Chemistry 


11th Edition 
By P. B. Hawk, New York, and Olaf Bergeim, Chicago. Collaboration With 
B. L. Oser, New York, and A. G. Cole, Chicago. 


This book is a standard classroom text and laboratory manual. Practical applications are emphasized 
throughout. 281 Illus. 968 Pages. $8.00 (1937) 


CLAYTON—Theory of Emulsions and Their Technical 


Treatment, 4th Edition 
By William Clayton, London 


Emphasis is given to the technical treatment and industrial application of emulsions. 103 Illus. 492 
Pages. $10.00 (1943) 


SUCKLING— Examination of Waters and Water Supplies 
5th Edition 


By Ernest Suckling, London 


This is a complete, authoritative guide to the solution of all problems concerning examination, estima- 
tion, purification, sources, etc. of water supplies. 63 Illus. 849 Pages. $12.00 (1943) 


MELLAN — Organic Reagents in Inorganic Analysis 


By Ibert Mellan, Philadelphia 


In this book, organic reagents are described and their reactive groups and resulting compounds are 
demonstrated graphically. 682 Pages. $9.00 (1941) 


Philadelphia 5, Pa. 
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Watson. Modern Theories of Organic Chemistry (Second Edi- 
tion). 1941 275pp $5.00 Oxford. 

WERTHEIM. Experiments in Organic Chemistry. 1942 221 pp 
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*Edition). 560 pp $2.00 Blakiston. 

WertHem. Introductory Organic Chemistry. 1942 482 pp 
$3.00 Blakiston. 
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$4.00 Bilakiston. 
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$5.50 Van Nostrand. 
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PHYSICAL 


ABRAMSON, Moyer and Gorin. Electrophoresis of Proteins. 
1942 341 pp $6.00 Reinhold. 

Apam. Physics and Chemistry of Surfaces (8rd Edition). 1941 
412 pp $7.50 

Bapor, JosepH A. and THIESSEN, GARRETT W. How to Solve 
Problems in Physical Chemistry. 150 pp $1.25 1944 Cro- 
well. 

BARRER. 
millan. 

Betz. Acid-Base Catalysis. 

BowpEN. Phase Rule and Phase Reactions. 
$3.00 Macmillan. 

BowEN. Chemical Aspects of Light. 1942 199pp $4.00 Ox- 
ford. 

CHAPMAN-COWLING. Mathematical Theory of Non-Uniform 
Gases. 1940 404 pp $6.50 Macmillan. 

DANIELS, MaTtHews and Wi.iiams. Experimental Physical 
Chemistry (8rd Edition). 1941 460 pp $3.50 McGraw- 
Hill. 

Davies. Fundamentals of Physical Chemistry (Second Edition). 
447 pp $3.50 Blakiston. 

Evans. An Introduction to Crystal Chemistry. 1939 388 pp 
$4.00 Macmillan. 

EyrRING, WALTER and KIMBALL. Quantum Chemistry. 1944 
394 pp $5.00 John Wiley. 

Farkas. Orthohydrogen, Parahydrogen, and Heavy Hydrogen. 
1935 215 pp $3.10 Macmillan (Cambridge University 
Press). 

Farkas and MELVILLE. Experimental Methods in Gas Reac- 
tions. 1939 389 pp $7.50 Macmillan. 

GeETMAN and Danrets. Outlines of Physical Chemistry (7th 
Edition). 1943 691 pp $3.75 John Wiley. 

GLASSTONE, LAIDLER and EyRINc. “egahd of Rate Processes. 
1941 611 pp $6.00 McGraw-Hill 

GLASSTONE, SAMUEL. Textbook of Physical Chemistry. 1940 
1289 pp $7.50 (text) Van Nostrand. 

GuckKER and ME.prum. Physical Chemisiry. 1942 695 pp 
$4.00 American Book. 

HaARNED AND OWEN. The Physical Chemistry of Electrolytic Solu- 
tions. 1943 607 pp $10.00 Reinhold. 

HINSHELWooD. The Kinetics of Chemical Change. 281 pp 
$4.85 1940 Oxford. 

Jeans. Introduction to Kinetic Theory of Gases. 
$3.50 Macmillan. 

Lrvincston. Physico-Chemical Experiments. 
$2.25 Macmillan. 

MacDouca.yi. Physical Chemistry (2nd Edition). 
pp $4.25 Macmillan. 

Mark, H. Physical Chemistry of High Polymeric Systems (Vol- 
ume II of High Polymers Series). 1940 353 pp $6.50 
Interscience. 

Mitiarp. Physical Chemistry for Colleges (5th Edition). 1941 
600 pp $3.75 McGraw-Hill. 

Moetwyn-Hucues. Physical Chemisiry. 1940 660pp $9.50 
Macmillan. 

NOyYES-SHERRILL. Course of Study in Chemical Principles (2nd 
Edition). 1938 554 pp $5.00 Macmillan. 

PaLtMER. Experimental Physical Chemistry. 1941 300 pp 
$2.75 Macmillan. 

PRINGSHEIM, P. and VocEL, M. Luminescence of Liquids and 
Solids and Its Practical Applications. 1943 200 pp $4.00 
Interscience. 


Diffusion in Solids. 1941 484 pp $6.50 Mac- 


1941 220 pp $3.50 Oxford. 
1939 303 pp 


1940 311 pp 
1939 275 pp 
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ROpDEBUSH, WorTH H. and RopgeBusH, ESTHER K. An Intro. 
ductory Course in Physical Chemistry (2nd Edition). 1938 
468 pp $3.75 Van Nostrand. 

RUHEMANN. The Separation of Gases. 
Oxford. 

SCHREINEMAKERS, F. A. H. Lectures on Osmosis. 
pp $7.00 Nordeman. 

SELwoop, P. Magnetochemistry. 1943 287 pp $5.00 In. 
terscience. 

STEINER. Introduction to Chemical Thermodynamics. 194} 
516 pp $4.00 McGraw-Hill. 

TayLor, Hucu S. and Taytor, H. Austin. Elementary Physi- 
cal Chemistry (8rd Edition). 1942 551 pp $8.75 Van 
Nostrand. 

TayLor, Hucu S. and GLASsTONE, SAMUEL, Editors. Treatise 
on Physical Chemistry (8rd Edition). Volume I—Atomistics 
and Thermodynamics. 1942 677 pp $7.50 Van Nostrand, 

WauLtstroM. Optical Crystallography. 1943 206 pp $3.00 
John Wiley. 

WortTHING and GEFFNER. Treatment of Experimental Data. 
1943 342pp $4.50 John Wiley. 


1940 296 pp $6.5) 
1938 27 


ELECTROCHEMISTRY 


CREIGHTON and KOEHLER. Principles and Appblications of 
Electrochemistry (Volume I—Applications) (4th Edition), 
1943 477pp $5.00 John Wiley. 

CREIGHTON and KOEHLER. Principles and Applications of Elec 
trochemistry (Volume II—A pplications) (2nd Edition). 1944 
573 pp $6.00 John Wiley. 

Ko.tnorr, I. M. and LinGANE, J.J. Polarography. 1941 516 
pp $6.00 Interscience. 

GLASSTONE, SAMUEL. An Introduction to Electrochemistry. 1942 
557 pp $5.00 Van Nostrand. 

TuHompson. Theoretical & Applied Electrochemistry. 1939 535 
pp $5.00 Macmillan. 


COLLOID 


CLayton. The Theory of Emulsions and Their Technical Treat- 
ment (4th Edition). 492 pp $10.00 Blakiston. 

DALLAVALLE, J.M. Micromeritics: The Technology of Fine Par- 
ticles. 1943 442 pp (Second printing). $8.50 Pitman. 

HarRTMAN, R. J. Colloid Chemistry. 1939 584 pp $5.25 
Houghton Mifflin. 

KRAEMER, ELMER O., Editor. Advances in Colloid Science (Vol- 
ume I). 1942 446 pp $5.50 Interscience. 

Symposium. Emulsion Technology—Theoretical and Applied 
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pounds, the Lipids. 1943 375 pp $6.00 Reinhold. 
Boyp, W. Fundamentals of Immunology. 1943 425 pp $5.50 
Interscience. 
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Wiley. 
Burr, CrossLey, et al. Archives of Biochemistry (A bi-monthly 
 ~gaaaaea (Volume I). 1943 494 pp $5.50 Academic 
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Burr, Crossuey, et al. Archives of Biochemistry (A bi-monthly 
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The Book Exhibit of the American Chemical Society Con- 
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METALS AND ALLOYS 
DATA BOOK 


By Samuel L. Hoyt 
Technical Adviser of Battelle Memorial Institute 


A reference work of unparalleled value for the student or worker 
in this field. Here for the first time a vast amount of scattered 
data has been assembled into one volume — graphically pre- 
sented in well-organized tabulations — data on wrought and 
cast steels, stainless steels, cast irons, heat-and-corrosion re- 
sisting casting alloys, aluminum, copper, nickel, and tungsten 
alloys and rare metals. The latest, most authoritative informa- 
tion on all their important properties is also included. In the 
reface the author clearly explains how the values should be 
interpreted and how closely they are related to actual per- 
formance expectations. 


350 Pages Illustrated $4.75 


The Physical Chemistry of 
ELECTROLYTIC SOLUTIONS 


By Herbert S. Harned 
Professor of Chemistry, Yale University 
and Benton B. Owen 
Asst. Professor of Chemistry, Yale University 


Of great value to students in any field involving ions in solution 
is this authoritative treatise on the theory and properties of 
strong and weak electrolytes. It includes the treatment of all 
the thermodynamic properties of ionic solutions as well as 
conductance, frequency and field effects, viscosity and diffusion. 
Theoretical equations are reduced to simplest forms and numerous 
tables aid in practical computation. Among the topics covered, 
from the point of view of modern experimental methods, are 
ion association, frequency and field effects, thermochemistry, 
peizochemistry, partial molal quantities, freezing points, boiling 
points, vapor pressures and galvanic cells. Completely cross- 
indexed, with extensive glossary. 


611 Pages A.C.S. Monograph No. 95 Illustrated $10.00 


INFRARED SPECTROSCOPY 


Industrial Applications 
By R. Bowling Barnes, Robert C. Gore, 
Urner Liddel, and V. Z. Williams 
Stamford Research Laboratories, American Cyanamid Company 


An exceedingly valuable book for all those interested in the 
identification and composition of materials, as in the manu- 
facture of synthetic rubber and petroleum derivatives. It gives 
the results of exhaustive research in the determination of physical 
properties from a few fundamental spectroscopic measurements. 
This field holds great promise for the future. An invaluable 
bibliography _is also included. 

$2.25 





TUNGSTEN 


Its History, Geology, Ore-Dressing, Metallurgy, 
Chemistry, Analysis, Applications, and Economics 


By K. C. Li and Chung Yu Wang 


Research Engineers, National Reconditioning Company, Inc. 


The increasing importance of, tungsten in the metallurgical and 
electronic industries has evoked the need for a comprehensive 
treatment of its geology, processing and uses, which this book 
expertly meets. Written by two outstanding authorities in the 
field, it presents detailed discussions of the occurrence, composi- 
tion and preparation of tungsten ores in all parts of the world. 
Includes three striking color reproductions of tungsten alloys, 
maps and other illustrations. A valuable reference work for all 
oa with knowing the uses or properties of this important 
metal. 


325 Pages A.C.S. Monograph No. 94 Illustrated $1.00 


VEGETABLE FATS AND OILS 
Second Edition 


The Chemistry, Production and Utilization of Vegetable 
Fats and Oils for Edible, Medicinal and Technical 
Purposes 


By George S. Jamieson 


A complete treatment of these critically important materials, 
their sources, their characteristics, composition, properties, and 
uses. Gives commercial and laboratory processes for the prepa- 
ration and extraction of fats and oils from oleaginous seeds; 
clarification, bleaching, deodorization, hydrogenation, refining 
and other treatments; grades and specifications of both crude 
and refined oils; also, detailed methods for the sampling and 
examiration of seeds, oils, fats, press cake and meals, and tests 
for quality and for adulteration. All exhaustively documented. 


508 Pages A.C.S. Monograph No. 58 $6.75 


DRYING AND DEHYDRATION 
OF FOODS 


By H. W. von Loesecke 


Bureau of Agricultural Ch ing, U. S. Department 





try and E 
of Agriculture 


A book of intense interest in an important and growing field. 
Contains up-to-the-minute informative material on the various 
steps involved — the types of equipment used, the drying and 
dehydrating of vegetables, fish, meat, dairy products, including 
specific figures for moisture content, yield, processing losses 
and drying temperatures, plant sanitation, factory cost, pack- 
aging, storage, and the nutritional value of these foods with 
special reference to vitamin content and taste. 


302 Pages Illustrated $4.25 
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WIRTSCHAFTER, Z. Minerals in Nutrition. 1942 175 pp 
$1.75 Reinhold. 

WoopMan. Food Analysis (4th Edition). 1941 606pp $4.00 
McGraw-Hill. 


METALLURGY 


Baeza, W. J. A Course in Powder Metallurgy. 1943 212 pp 
$3.50 Reinhold. 

Hoyt, S. L. Metals and Alloys Data Book. 1943 350 pp 
$4.75 Reinhold. 

Li and Wanc. Tungsten, Its History, Geology, Ore-dressing, 
Metallurgy, Chemistry, Analysis, Applications and Economics. 
1943 325 pp $7.00 Reinhold. 

RmBacu, R. and Micuet, A. J. Beryllium, Its Production and 
Application. 1930 331 pp $10.00 Reinhold. 

Zxaupy. Principles of Powder Metallurgy. 1944 104 pp 
$3.00 Philosophical Library. 


CHEMICAL ENGINEERING 


BADGER and BaKER. Inorganic Chemical Technology (2nd Edi- 
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Editors Outloch 


ye the Report of the New England Association 
of Chemistry Teachers was consolidated with the 
JoURNAL OF CHEMICAL EDUCATION in 1942, the Associ- 
ation had published it proudly and continuously since 
1898. Although it circulated chiefly in a more or less 
restricted area its list of subscribers and contributors 
included many throughout the world. Its position was 
not financially precarious; the Association was fully 
able to support and continue it, through an endowment 
as well as current resources. 

While the chief loss to the Association has been to its 
pride, it has gained, on the other hand, in many ways. 
It gained many inches per year of published material; 
it gained eight contacts per year with its membership; 
its members gained all the rest of the JOURNAL OF 
CHEMICAL EDUCATION. 

Recently, the activities of the Association have 
prospered. Its meetings are well attended in spite of 
difficulties; its Summer Conference has become im- 
portant and successful enough to be known throughout 
the eastern United States. Of course, there are many 
reasons for this satisfactory condition, but it is evident 
that the Association has not suffered from the new pub- 
lication policy. In fact, it seems quite clear that it was 
a step forward. 

All this is cited merely as an example of the advan- 
tages of union and consolidation. Let us examine an- 
other situation—that of the national organizations of 
science teachers. ‘ 

The American Council of Science Teachers, a depart- 


ment of the National Education Association, and the 
American Science Teachers Association, an affiliate 
of the American Association for the Advancement of 
Science, both invite affiliation of regional organizations. 
In addition to these ‘‘vertical’’ groups there are also 
“horizontal” subject-matter organizations which would 
like to embrace all teachers of biology, of physics, or of 
chemistry, in national groups. The result is confusion, 
lack of direction, duplication of effort, with no way of 
directly reaching all of the 120,000 science teachers in 
the country. 

Some progressive and clear-thinking leaders are now 
trying to bridge this organizational gap between the 
educators on the one hand and the scientists on the 
other. A merger is proposed, to gather the various 
groups of science teachers together on a common middle 
ground, with a consolidation of publications, a national 
headquarters with a full-time secretary, and a general 
united front for the promotion and improvement of 
science teaching and the betterment of conditions for 
science teachers. There is no intention to interfere 
with regional or local groups, which perform a valuable 
service, nor with specialized publications with an ex- 
tensive field and large following, such as the JOURNAL OF 
CHEMICAL EDUCATION. 

There would be many advantages in the unity which 
this proposal’ would bring about. Science teaching 
may yet come to the point where it sorely needs the 
strength of union. Let’s have it now. 


E.C. W. 





Whats Been Going On 


From Khaki to Mufti 


ANY recently developed war products which today assure 
M the security and well-being of our fighting men will to- 
morrow add to civilian comfort. Some of the implements, 
clothing, and equipment now made for the Services may later 
be taken straight over into civilian production; others have been 
created for highly specialized purposes, and may need adaptation 
for peacetime needs. A number of developments still remain 
military secrets, though some have been revealed. 

The camper or gardener will have better ammunition for 
combating insect pests. A new material designated only as 
“612” is the most effective mosquito repellent yet found. This 
is only one of several new colorless, odorless, noninjurious ma- 
terials, which, when applied to skin or clothing, will ward off 
mosquitoes for several hours. The new insect repellents are 
easily incorporated in cosmetic creams or lotions. Coty is 
already producing such a cream. DDT has replaced pyrethrum 
and other materials in antilouse powders. Originally discovered 
in the equipment of German soldiers in Africa, it is now produced 
in this country for our own troops and is being used to combat 
disease in conquered territory. Aerosol bombs, filled under 
pressure with an insecticide in a solvent, are used for killing in- 
sects in a closed space, such as a tent or airplane cabin. Nicotine 
insecticide released from these bombs is effective in clearing green- 
houses of aphis and other troublesome insects. A new petroleum 
product, Culicide Oil, has been used for mosquito breeding con- 
trol. This toxic oil contains components both heavier and lighter 
than water, thus killing larvae on both the surface and bottom of 
breeding grounds. 

Another type of bomb developed for war use contains carbon 
dioxide for inflation of life preservers and jackets, and rafts. 
According to Egmont Arens, the noted designer, these pressure 
containers may find a place in the application of liquid cosmetics, 
hair lotions, and fluid hosiery. 

In the field of textiles and clothing there are several develop- 
ments which may be of interest to the postwar civilian. The art 
of vat dyeing and use of pigments for coloring textiles have been 
advanced. New weaves, such as tackle twill, have been given 
severe wearing tests and appear suitable for raincoats. Rayon 
parachute cloth may make wind-resistant awning for the summer 
home. Golfers and hikers will be interested in comfort stockings 


with feet of rayon pile, now issued to soldiers. Another foot 
ease is found in springy, lightweight inner soles of Saran filament. 
Laminated fabrics, consisting of two layers of cotton material 
bonded together by polyvinyl butyral, make a durable and water- 
proof, yet light material for protective clothing, ponchos, air 
cushions, floating wings, and pillows. After the war summer 
cottagers may enjoy air mattresses and cushions of such fabrics. 
Nylon will be available in other forms than hosiery and bristles. 
Among its new applications will be screens, zippers, and shoe 
laces, resistant to mold or atmospheric conditions, 

In supplying our men in distant places advances have been 
made in packaging everything from food to engines. One of the 
most important features has been to keep out moisture. A ma- 
terial very effective for this is ‘‘Pliofilm.”” Now used to protect 
aircraft engines from the elements, it may later keep crackers 
crisp and vegetables fresh for the civilian. A new method of 
dehydration packing, developed by the Davison Chemical Cor- 
poration, has been adopted for protection of metal parts in tran- 
sit. A small package of silica gel, packed with the object to be 
protected, absorbs any moisture that gets through the outside 
wrapping, and prevents corrosion. Used in connection with tin 
or glass airtight packages, it insures absolute maintenance of 
freshness over a long period. It might also be used in damp 
places for temporary protection of goods. High-melting amor- 
phous petroleum waxes are used in many kinds of packaging, 
from “‘K’”’ Ration to spare parts, and are moisture resistant over 
a wide temperature range. 

All-temperature greases and lubricants, developed for war 
equipment, will make winter less of a problem to the motorist, 
for lithium soaps are incorporated with petroleum oils of good low 
temperature characteristics to produce a cold-resisting grease. 
Lithium compounds are also employed in a new detergent lubri- 
cant, which is claimed to keep the engine free of carbon deposits 
and scale. 

Plywood products, now widely used in military matériel, will 
become familiar to the civilain in furniture, skis, and many other 
products. A new handling process makes possible plywood tub- 
ing of very high strength. This is now going into lightweight 
ski poles for ski troops, instrument cases more resistant to deterio- 
ration than leather ones, and instrument tripods. After the war 
this form of plywood may appear in broom and mop handles, oars, 
paddles, and canoes.—IJndustrial Bulletin of Authur D, Little, Inc. 


THE WELLESLEY SCHOOL OF TECHNIQUES 


An interesting educational experiment has recently been announced by Wellesley 


: College. 


The Wellesley School of Techniques to be held from June 29 to August 10 


will offer opportunities to both men and women for acquiring a wide variety of tech- 
niques. In the field of chemistry, the basic techniques of analytical and organic chem- 
istry will be offered for second-year students, while for more advanced students, colori- 
metric, photometric, polarimetric, refractometric, and various pH methods will be 
taught as applied either to biological or inorganic analysis. For experienced chemists, 
there will be available the use of microbiological methods for the study of vitamins, 
of the Lundegaardh spectrographic method for the determination of minerals in bio- 
logical materials, of the spectrograph and photometer for the study of absorption 
spectra of solutions in both the visible and ultraviolet regions. Also the regular cur- 
ricular courses in quantitative organic microanalysis, food and nutrition, and inorganic 


quantitative analysis will be offered. 


A number of courses closely related to chemistry have also been planned. Among 
these are a course in mineral identification, one int the fundamental principles of 


applied spectroscopy, and one in electronics. 


In the biological field are technique 


courses in bacteriology, histology, and physiology including basal metabolism, blood 
typing, etc., as well as animal experimentation. 

Also of possible interest to chemists are courses in practical writing, in mathe- 
matics, in the translation and speaking of foreign languages, and in bibliographical 


techniques. 
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Alexander von Humboldt 


in Some of His Relations to Chemistry 


Cc. A. BROWNE 


Bureau of Agricultural and Industrial Chemistry, U. S. Department of Agriculture, Washington, D. C. 


MONG the most valuable sources of information 
pertaining to the history of chemistry in the 
Western Hemisphere are the writings of Alexander von 
Humboldt. This great traveler and naturalist, although 
not a chemist by profession, was yet a devotee of chem- 
istry and a great friend of chemists. Gay-Lussac and 
all those other brilliant stars of the chemical firmament 
during the Napoleonic era were Humboldt’s friends 
and admirers. He loved particularly the companion- 
ship of younger men, and in two conspicuous instances— 
those of Liebig and Dumas—set them while still un- 
known on the way to fame and success. 

Liebig (1), in the dedication to Humbolt of his 
famous work upon ‘‘Chemistry in Its Applications to 
Agriculture and Physiology,” tells the delightful story 
of their first meeting in the following words: 


“During my stay in Paris, in the summer of 1823, I succeeded 
in presenting to the Royal Academy an analytical investigation 
of Howard’s fulminating compounds of silver and mercury, my 
first inquiry. At the end of the meeting of July 28th I was en- 
gaged in packing up my specimens, when a gentleman left the 
ranks of the Academicians and entered into conversation with 
me. With the most winning affability he asked me about my 
studies, occupations, and plans. We separated before my em- 
barrassment and shyness had allowed me to ask who had taken so 
kind an interest in me. This conversation became the corner- 
stone of my future. I had gained the most amiable friend, the 
most powerful patron of my scientific pursuits .. . . 

“Unknown, without introduction in a city where the as- 
semblage of so many men from every quarter of the globe is the 
greatest hindrance to personal acquaintance with scientific men 
high in renown, I might, like so many others, have remained un- 
noticed—perhaps have failed altogether; this danger was now 
entirely averted. From this day forth I found all doors, all insti- 
tutes, and laboratories open tome. The lively interest you took 
in me procured me the affection and intimate friendship of my 
dear teachers, Gay-Lussac, Dulong, and Thenard. Your confi- 
dence paved the way to my present sphere of action, which for 
sixteen years with uabated zeal I have striven worthily to fill.” 


Humboldt’s assistance to Liebig went even further, 
for it was upon his recommendation that Liebig was 
appointed to the professorship of chemistry at Giessen 
where he established the laboratory that became so 
famous as a center of chemical research. 

The story of the first meeting of Dumas with Hum- 
boldt, which happened in the same year as that of 
Liebig, is equally pleasing. The incident, as narrated 
by Hofmann (2) in his memorial essay on Dumas, is 
as follows: 


“One day,” said Dumas, ‘when I was in my study completing 
Some drawings at the microscope, and, it must be added, rather 
negligently attired to enable me to move more freely, someone 
mounted my stairs, stopped on my landing, and gently knocked 
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at the door. ‘Come in,’ said I, without looking up from my work. 
On turning round I was surprised to find myself face to face with 
a gentleman in a bright blue coat with metal buttons, a white 
waistcoat, nankeen breeches, and top boots. This costume, which 
might have been the fashion under the Directory, was then quite 
out of date. The wearer of it, his head somewhat bent, his eyes 
deep set but keen, advanced with a pleasant smile, saying, ‘Mon- 
sieur Dumas?’ ‘The same, sir; but excuse me.’ ‘Don’t disturb 
yourself. I am M. de Humboldt, and did not wish to pass 
through Geneva without having had the pleasure of seeing you.’ 
Throwing on my coat, I hastily reiterated my apologies. I had 
only one chair; my visitor was pleased to accept it, whilst I re- 
sumed my elevated perch on the drawing stool. Baron Humboldt 
had read the paper published by M. Prevost and myself, on 
blood, and was anxious to see the preparations I had by me. 
His wish was soon gratified. ‘I am going to the Congress at 
Verona,’ said he, ‘and I intend to spend some days at Geneva, to 
see old friends and make new ones, and more especially to be- 
come acquainted with young people who are beginning their 
career. Will you act as my cicerone? I warn you, however, that 
my rambles begin early and end late. Now, could you be at my 
disposal, say, from six in the morning till midnight?’ This pro- 
posal, which was, of course, accepted with alacrity, proved to 
me a source of unexpected pleasure. Baron Humboldt was fond 
of talking; he passed from one subject to another without stop- 
ping. He obviously liked being listened to, and there was no fear 
of his being interrupted by a young man who, for the first time, 
heard Laplace, Berthollet, Gay-Lussac, Arago, Thenard, Cuvier, 
and many others of the Parisian celebrities, spoken of with 
familiarity. I listened with a strange delight; new horizons began 
todawnuponme.... 

“At the end of a few days Baron Humboldt left Geneva. After 
his departure the town seemed empty to me. I felt as if spell- 
bound .... I had been more especially impressed with what he 
told me of Parisian life, of the happy collaboration of men of 
science, and of the unlimited facilities which the French capital 
offered to young men wishing to devote themselves to scientific 
pursuits. I began to think that Paris was the only place where, 
under the auspices of the leaders of physical and chemical science, 
with whom, I had no doubt, I should soon become acquainted, 
I might hope to find the advice and assistance which would enable 
me to carry out the labours over which I had been pondering for 
some time. My mind was made up. I must go to Paris.” 


The two narratives of Humboldt’s acquaintance with 
Liebig and Dumas are sufficient to reveal the interest 
of the great naturalist in chemistry.. But it is only 
when one turns from these reminiscences to Humboldt’s 
books of travels or to that immortal work of his latest 
years, the ‘‘Cosmos,” (3), that the depth and full signifi- 
cance of this interest are realized. His brief scattered 
remarks on the history of chemistry in Part II of the 
“Cosmos” (the section entitled ‘‘The History of the 
Physical Contemplation of the Universe’) call attention 
to the universal aspects of chemistry in relation to other 
sciences, to world phenomena as a whole, and to the 
influence which.the contemplation of nature has exer- 
cised upon the developments of chemical science. 
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‘‘Men drew comparisons,”’ he writes, “‘between that which was 
accidentally observed in alchemistical laboratories, and that 
which was found prepared in the great laboratories of nature, 
especially in the interior of the earth. The working of mines in 
strata, rich in ores (especially those containing iron pyrites, 
which become heated by oxidation and contact electricity) led 
to conjectures of the chemical relations existing between metals, 
acids, and the external air having access to them.’’ (‘‘Cosmos,”’ 
II, p. 728.) 


Humboldt’s studies of the chemical processes that 
occur “in the great laboratories of nature, especially in 
the interior of the earth’’ are summarized chiefly in the 
three hundred or more pages of his ‘Cosmos’ that 
relate to volcanoes. He discusses the character of the 
sublimed salts that are deposited from the vapors that 
rise from craters and fumaroles and the chemical nature 
of volcanic ashes, scoriae, lavas, and other mineral 
formations. 

The source of volcanic heat, which is still a live topic 
of scientific discussion, greatly interested Humboldt. 
He rejects the various chemical theories that had been 
proposed to explain the cause of the earth’s subter- 
ranean fires (such as the occurrence of pyrophoric 
substances, the oxidation of pyrites, the reaction of 
moist admixtures of finely pulverized sulfur and iron, 
and Davy’s theory of the combination of the metals of 
the alkalies and alkaline earths with water) in favor of 
the view of “that powerful internal heat which our 
planet owes to its first solidification.’”” Humboldt 
then indulges in one of those characteristic philosophical 
reflections that give so great a charm to all his writings. 


“The enquiring and active spirit of man must be suffered to 
pass from the present to the past, to conjecture all that cannot 
yet be known with certainty, and still to dwell with pleasure on 
the ancient myths of geognosy which are presented to us under 
so many various forms. If we consider volcanoes as irregular 
intermittent springs, emitting a fluid mixture of oxidized metals, 
alkalies, and earths, flowing gently and calmy wherever they 
find a passage, or being upheaved by the powerful expansive force 
of vapours, we are involuntarily led to remember the geognostic 
visions of Plato, according to which hot springs, as well as all 
volcanic igneous streams, were eruptions that might be traced 
back to one generally distributed subterranean cause, Pyri- 
phlegethon.” (‘‘Cosmos,” I, p. 235.) 


Of the many volcanoes that Humboldt visited in the 
course of his extensive travels the one that exercised 
the greatest hold upon his imagination was the stu- 
pendous Ecuadorean peak of Chimborazo which he 
visited in 1802 and from a rocky ridge of whose summit 
at an elevation of 19,194 feet he broke off a specimen 
of trachyte that was later deposited in the Royal 
Mineralogical Museum of Berlin. Humboldt’s long 
interest in Chimborazo is shown by the fact that 52 
years later, when at the age of 85 his mind reverted to 
this early exploit, he had a fragment of this specimen 
analyzed by Rammelsberg according to the latest im- 
proved methods. (‘‘Cosmos,” V, p, 461.) 

From the high temperature reactions of inorganic 
nature Humboldt turned to consider the relationship 
of the chemical substances thus produced to the de- 
velopment of plant and animal life. 


“‘A cosmical history of the universe,’’ he writes, “‘resting upon 
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facts as its basis, has, from the nature and limitations of its 
sphere, necessarily no connection with the obscure domain em- 
braced by a history of organisms, if we understand the word 
history in its broadest sense. It must, however, be remembered, 
that the inorganic crust of the Earth contains within it the same 
elements that enter into the structure of animal and vegetable 
organs. A physical cosmography would therefore be incomplete, 
if it were to omit a consideration of these forces, and of the sub- 
stances which enter into solid and fluid combinations in organic 
tissues, under conditions which, from our ignorance of their 
actual nature, we designate by the vague term of vital forces, 
and group into various systems, in accordance with more or less 
perfectly conceived analogies. The natural tendency of the 
human mind involuntarily prompts us to follow the physical 
phenomena of the Earth through all their varied series, until we 
reach the final stage of the morphological evolution of vegetable 
forms, and the self-determining powers of motion in animal 
organisms. And:it is by these links that the geography of 
organic beings—of plants and animals—is connected with the 
delineation of the inorganic phenomena of our terrestrial globe.” 
(‘‘Cosmos,”’ I, pp. 348-9.) 


It is to Humboldt’s ‘‘Narrative of Travels to the 
Equinoctial Regions of America between 1799 and 
1804” (4) and to his ‘‘Political Essay on the Kingdom 
of New Spain”’ (5) that we are particularly indebted for 
information as to the state of chemistry in Latin 
America at the time of his visit. His statement that 
the principles of Lavoisier’s new system of chemistry 
were more diffused in Mexico than in many parts of 
Spain is of particular interest. 


“A European traveller,’’ he writes, ‘cannot undoubtedly but 
be surprised to meet in the interior of the country, on the very 
borders of California, with young Mexicans who reason on the 
decomposition of water in the process of amalgamation with 
free air. The School of Mines possesses a chemical laboratory; a 
geological collection, arranged according to the system of Werner; 
a physical cabinet, in which we not only find the valuable instru- 
ments of Ramsden, Adams, LeNoir and Louis Berthoud, but 
also models executed in the capital even with the greatest pre- 
cision, and from the finest wood in the country. The best mineral- 
ogical work in the Spanish language was printed at Mexico, 
I mean the Manual of Oryctognosy, composed by del Rio, ac- 
cording to the principles of the school of Freyberg, in which the 
author was formed. The first Spanish translation of Lavoisier’s 
‘Elements of Chemistry’ was also published at Mexico.”” (‘‘New 
Spain,’’ I, pp. 216-7.) 


The del Rio mentioned here was none other than the 
famous Andres del Rio, who in 1801 first called the 
attention of chemists to the element vanadium which 
he discovered in the lead ore, vanadinite. He, as in the 
cases of Liebig and Dumas, is another instance of a 
deserving young scientist who owed his recognition and 
advancement to Humboldt. 

The historical development of the chemical processes 
for extracting gold and silver in the New World was 4 
subject that greatly interested Humboldt. Of the 
aboriginal races the art of silver-smelting reached its 
highest development among the Incas of Peru who 
made use of small portable furnaces called huayres. 


“These furnaces,” Humboldt states, ‘‘were cylindrical tubes 
of clay, very broad and pierced with a great number of holes. 
The Indians threw in layers of silver ore, galena and charcoal, and 
the current of air which entered at the holes into the interior of 
the huayre quickened the flame and gave it a great intensity. 
When they perceived that the wind blew too strong and that too 
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much fuel was consumed, they carried their furnaces to a lower 


situation.... 
“The argentiferous masses which came out of the huayres 


established in the mountains, were resmelted in the cottages of 
the Indians, by means of the old process of blowing the fire by 
ten or twelve persons at once, through tubes of copper, of one 
or two meters in length and pierced at the lower extremity with 
avery small hole.’’ (‘New Spain,” III, pp. 376-7.) 
Notwithstanding the immense losses of silver that 
resulted from this primitive process of smelting it con- 
tinued to be used by the Spaniards at the silver mines 
of Potosi in Bolivia until the introduction of amal- 
gamation, which was developed about 1551 by Bartholo- 
mew de Medina at Pachuca, Mexico. This process, 
which was destined to rank as one of the greatest dis- 
coveries in metallurgy, soon displaced the crude native 
method of silver extraction and, for the next three 
centuries, approximately two-thirds of the total silver 
production of the world was made by amalgamation. 
The description of Medina’s amalgamation method, 
which consisted in first treating the wet pulverized ore 
with salt, then with the so-called magistral (a powder 
of roasted copper pyrites), and finally with mercury 
under the feet of mules, occupies many pages of Hum- 
boldt’s ‘“‘“Kingdom of New Spain” (Vol. III, pp. 254- 
80). Humboldt remarked that it was one of those 


chemical operations which were discovered and worked 
for centuries before the theory of the procedure was 
understood. He* and Gay-Lussac spent much time 
together in studying the chemistry of the process. 
Even now opinions differ as to the series of reactions 


by which the silver sulfide of the ore is changed to the 
chloride and the chloride to metallic silver. 

One of the most thorough chemical economic surveys 
ever undertaken was Humboldt’s statistical study of 
gold and silver production in Spanish America. Ac- 
cording to his calculations the entire weight of precious 
metals obtained from the Cordilleras of America be- 
tween 1492 and 1803 was approximately 2,280,000 
kilograms of gold and 118,000,000 kilograms of silver 
(“New Spain,” III, p. 421). Of the precious metal 
thus obtained he estimated approximately 65 per cent 
to have been produced by amalgamation, 25 per cent 
by smelting, and 10 per cent from free-occurring de- 
posits. 

Humboldt’s figures for the amount of gold and silver 
obtained in Latin America during the first three cen- 
turies, although impressive, are not large when com- 
pared with the yields obtained by modern processes. 
The weight of gold produced in the United States 
alone, for only the first.20 years of the present century, 
exceeded 2,600,000 kilograms, which is 15 per cent 
more than the entire production of the New World up 
to the year 1803. Yet, notwithstanding this, the im- 
portations of gold and silver from America during this 
period multiplied the value of the precious metals 
existing in Europe at the time of the discovery over 
30 times. With the greater quantity of precious metal 
circulating as coinage there began in all commodities a 
tapid progressive increase in price which produced 
a quickening of human activities in every field and a 
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stimulus was imparted to all branches of industry such 
as was never before experienced. 

Lack of space prevents making more than a bare 
mention of Humboldt’s description of gold and silver 
refining as performed at the Mexican mint, of his ac- 
count of mercury production as carried out at the mines 
of Huancavellica, or of his other studies of metallurgical 
processes as conducted in Spanish America. We must, 
however, refer briefly to Humboldt’s chemical theory 
of miasms, the fetid exhalations from decaying vegeta- 
tion, in the relation of which to yellow fever and other 
tropical diseases the great naturalist went badly astray. 

Humboldt repeatedly asserts that miasms were 
probably ternary or quaternary combinations of nitro- 
gen, phosphorus, hydrogen, carbon, and sulfur. He 
supposed mangrove trees to be especially productive 
of miasmatic exhalations. His theory was discussed, 
together with the erroneous gaseous contagion specu- 
lations of Dr. Samuel Latham Mitchill and Thomas 
Paine, by the writer in the JOURNAL OF CHEMICAL 
EpucaTIon for February, 1925 (Vol. II, pp. 99-100), 
to which reference is made for further particulars. 

Another somewhat erroneous opinion of Humboldt 
relates to his statement regarding the chemical identity 
of animal and vegetable products. After wrongly de- 
fining rubber as “‘the oily part, the butter of all vege- 
table milk,’’ he continues: 


“The more we study vegetable chemistry in the torrid zone, 
the more we shall discover, in remote spots, and half-prepared in 
the organs of plants, products which we believe belong only to 
the animal kingdom, or which we obtain by processes which are 
often tedious and difficult. Already we have found the wax that 
coats the palm-tree of the Andes of Quindiu, the silk of the palm- 
tree of Mocoa, the nourishing milk of the polo de vaca, the butter- 
tree of Africa, and the caseous substance obtained from the almost 
animalized sap of Carica papaya. These discoveries will be 
multiplied, when, as the political state of the world seems now 
to indicate, European civilization ‘shall flow in a great measure 
toward the equinoctial regions of the New Continent.” 
(‘‘Travels,’’ IT, p. 369.) 


This prediction of Humboldt was not destined tp be 
fulfilled. It was made in the very infancy of modern 
chemistry when resemblances in the appearance of cer- 
tain vegetable products to some substances of animal 
origin were mistaken for identity of chemical composi- 
tion. As the methods of analytical chemistry became 
more and more exact it was discovered that vegetable 
waxes, Oils, proteins, cellular tissues, etc., showed well- 
marked differences in the nature of their chemical con- 
stituents when compared with animal products of the 
same class. In only comparatively few cases has 
absolute identity of composition been established be- 
tween products of the vegetable and animal kingdoms. 

Humboldt’s scientific studies of the sugar, cochineal, 
cocoa, indigo, drug, starch, dye-wood, and other 
industries of New Spain are invaluable contributions 
which will always be consulted by the historian of early 
American chemical technology. A detailed examina- 
tion of this part of his work is not possible, however, 
within the compass of the present paper. 

Agricultural chemists will always remember Hum- 





boldt for it was he who first brought Peruvian guano to 
the attention of European scientists. During his visit 
to Peru he became interested in this product which since 
the time of the ancient Incas had played so important 
a part in the agriculture of that country. He paid a 
visit to the guano deposits of the Chincha Islands, 
about 12 miles from the coast of Peru, opposite the 
town of Pisco, and collecting a sample of the product 
forwarded it to the French chemists Fourcroy and 
Vauquelin at Paris for examination. The following 
translation is made from his letter of transmittal: 


“Guano occurs very abundantly in the South Sea on the 
Chincha Isands near Pisco, but is found also on the coasts and 
islets farther south at Ilo, Iza, and Arica. The natives of Chan- 
cay, who handle guano commercially, make trips to and from 
the Chincha Islands in twenty days. Each boat carries a load of 
from 1500 to 2000 cubic feet. A vanega* is worth at Chancay 14 
and at Arica 15 livres tournois (7. e., 14 and 15 francs). 

“It forms layers 50 to 60 feet thick which is mined in the same 
way as ochrous iron. These same islets are inhabited by a multi- 
tude of birds, especially ardea and phenicopterus, who roost there 
at night, but their excreta for the last three centuries have been 
able to form layers of only 4 to 5 lines thick (1 French line = 
1/1. inch). Might not guano have been produced by some up- 
heaval of the globe in the same way as coal and fossil wood? 
The fertility of the barren coasts of Peru depends on guano which 
is a main object of commerce. Some fifty small boats, which are 
called guaneros, are constantly engaged in collecting this fer- 
tilizer and bringing it to the coasts. It can be smelled at a 
quarter of a league distant. The sailors, who are accustomed to 
its ammoniacal odor, do not notice it, but we sneezed constantly 
as we drew near. It is especially for maize that guano makes an 
excellent fertilizer. The Indians have taught the method of using 
it to the Spaniards. If too much guano is used on the maize its 
root is scorched and destroyed. Guano is very easily acidified. 
It is a fertilizer containing hydride of nitrogen (7. e., ammonia) 
whereas other fertilizers contain hydrides of carbon.”’ [Annales 


de Chimie, Series 1, 56, 259-60 (1805). ] 
Fourcroy and Vauquelinf presented the results of 


* A variant spelling of fanega = 1.60 bushels. 

+ The year 1806 is generally given as the year of publication of 
Fourcroy and Vauquelin’s analysis in the Annales de Chimie. 
The title page of Vol. 56 of the first series of this journal bears 
the republican calendar date 30 Vendemiaire an XIV, which 
corresponds to October 22, 1805...The Gregorian calendar went 
back into use-again on January 1, 1806. 
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their analysis of Humboldt’s sample of guano at a 
meeting of the French Institute in November, 1803 
(le 5 Frimaire an 12). They found it to consist of one- 
fourth uric acid partly combined with ammonia and 
lime, of oxalic acid partly combined with ammonia 
and potash, of phosphoric acid combined with the same 
bases and lime, of small quantities of the sulfates and 
chlorides of potash and ammonia, of a little fatty sub- 
stance, and of a mixture of quartzose and ferruginous 
sand (loc cit., pp. 258-68). Although this is the first 
recorded analysis of Peruvian guano, it was not until 
1810 that experiments were first made with it on pota- 
toes on the island of St. Helena at the suggestion of Sir 
Joseph Banks. The first trials in the United States 
were made in 1824 by John S. Skinner, editor of the 
American Farmer, in Baltimore, who received two 
barrels of guano, which he distributed in small parcels 
for experiments. It was not, however, until after 1840 
that importations of Peruvian guano into the United 
States and Europe attained commercial importance. 

Humboldt’s description of the primitive chemical 
arts among the aboriginal tribes, which he encountered 
in his American travels, are also of great interest. His 
genial spirit of inquiry, in contact with the natives, is 
well illustrated by his account of the method used by 
an old Indian at Esmeralda, near the bifurcation of the 
Orinoco, for preparing arrow poison, or curare. 

‘We were fortunate enough,” he writes, “to find an old Indian 
more temperate than the rest, who was employed in preparing 
the curare poison from freshly gathered plants. He was the chem- 
ist of the place. We found at his dwelling large earthen pots for 
boiling the vegetable juice, shallower vessels to favour the 
evaporation by a larger surface, and leaves of the plantain-tree 
rolled up in the shape of our filters, and used to filtrate the liquids, 
more or less loaded with fibrous matter. The greatest order and 
neatness prevailed in this hut, which was transformed into a 
chemical laboratory. The old Indian was known throughout the 
mission by the name of the poison-master. He had that self- 
sufficient air and tone of pedantry of which the pharmacopolists 
of Europe were formerly accused. ‘I know,’ said he, ‘that the 
whites have the secret of making soap, and manufacturing that 
black powder which has the defect of making a noise when used 
in killing animals. The curare, which we prepare from father to 
son, is superior to anything you can make. It is the juice of an 
herb which kills silently, without any one knowing whence the 
stroke comes.’ 

“This chemical operation, to which the old man attached s0 
much importance, appeared to us extremely simple. The liana 
used at Esmeralda for the preparation of the poison, bears the 
same name as in the forests of Javita.... It is the bark and 
a part of the alburnum which contain this terrible poison. 
Branches . . . are scraped with a knife, and the bark that come 
off is bruised, and reduced into very thin filaments on the stone 
employed for grinding cassava. The venomous juice being yellow, 
the whole fibrous mass takes that color. It is thrown into a 
funnel nine inches high, with an opening four inches wide. This 
funnel was of all the instruments of the Indian laboratory that of 
which the poison-master seemed to be most proud. He asked us 
repeatedly if we had ever seen anything to be compared to this 
funnel. It was a leaf of the plantain-tree rolled up in the form 
of a cone, and placed within another stronger cone made of the 
leaves of the palm-tree. The whole of this apparatus was Sup- 
ported by slight frame-work made of the petioles and ribs of 
palm-leaves. A cold infusion is first prepared by pouring wate 
on the fibrous matter... A yellowish water filters during 
several hours, drop by drop, through the leafy funnel. This 
filtered water is the poisonous liquor, but it acquires strength 
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only when concentrated by evaporation, like molasses, in a large 
earthen pot. The Indian from time to time invited us to taste 
the liquid; its taste, more or less bitter, decides when the con- 
centration by fire has been carried sufficiently far. There is no 
danger in tasting it, the curare being deleterious only when it 
comes into immediate contact with the blood. The vapours, 
therefore, which are disengaged from the pans are not hurtful, 
notwithstanding all that has been asserted on this point by the 
missionaries of the Orinoco. .. . 


“The most concentrated juice of the mavacure is not thick 
enough to stick to the darts; and therefore, to give a body to 
the poison, another vegetable juice, extremely glutinous, drawn 
from a tree with large leaves, called kiracaguero, is poured into the 
concentrated infusion... . 

“At the instant when the glutinous juice of the kiracaguero-tree 
is poured into the venomous liquor well concentrated, and kept 
in a state of ebullition, it blackens, and coagulates into a mass 
of the consistence of tar, or of a thick syrup. This mass is the 
curare of commerce.... 

“The old Indian . . . seemed flattered by the interest we took 
in his chemical processes. He found us sufficiently intelligent to 
lead him to the belief that we knew how to make soap, an art 
which, next to the preparation of curare, appeared to him one of 
the finest of human inventions. When the liquid poison had been 
poured into the vessels prepared for its reception, we accompanied 
the Indian to the festival of the juvias.”” (‘‘Travels,’’ II, pp. 
439-48.) 


Humboldt discloses in this pleasing account that 
trait of ‘“‘winning affability’’ which was especially 
mentioned by Liebig. He displayed the same kindly 
attitude toward people in all walks of life. Although 
one of the most eminent of European scientists, there 
was nothing vain or pedantic in his personal relations. 
He was as much at home in the primitive chemical 
quarters of the illiterate Indian in the wilds of the 
Orinoco as in the splendidly equipped laboratory of 
his friend Gay-Lussac in Paris. 

The broad culture of Humboldt was particularly im- 
pressed upon the writer during a visit in June, 1930, to 
his beautiful home at Schloss Tegel, near Berlin, where 
he lived in close companionship with the family of his 
elder brother Wilhelm von Humboldt, the distinguished 
philologist. This property in 1930 was occupied by 
Geheimrat von Heinz, a descendant of Wilhelm von 
Humboldt, who kindly permitted our party to visit 
the mansion and grounds. While telling him of my 
interest in his famous kinsman I mentioned that I had 
one of the great naturalist’s letters, written obliquely 
across the page. Geheimrat von Heinz then explained 
that this peculiarity, noticeable in so many of Hum- 
boldt’s letters, was the result of his habit of writing on a 
pad supported by his knee. 

Schloss Tegel (7), formerly a hunting lodge of the 
Elector of Brandenburg, was rebuilt for the Humboldt 
brothers in 1822-24. Four towers were added at the 
corners, the outer walls of which bear replicas of the 
eight gods of the winds as sculptured on the ancient 
octagonal temple in Athens. Four niches in the back 
wall contain copies of Greek statues. A number of 
tooms of the mansion are left exactly as they were in 
the time of the Humboldts. The library and study con- 
tain the books, writing desk, pictures, antiques, and 
other mementos of the great naturalist. A large paint- 





Die Begrabuisitare der Humbolors im Part ven Tegel. 
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BuRIAL PLACE OF ALEXANDER AND WILHELM VON HUMBOLDT 
IN THE PRIVATE FAMILY CEMETERY ON THE GROUNDS OF THE 
HuMBOLDT MANSION AT TEGEL 


ing by Karl von Steuben, made at Paris in 1812, shows 
Humboldt as a young explorer sitting with notebook 
and pencil upon an outcrop of basaltic rocks, a valley 
with palms lies below, while in the background rises 
the lofty snow-capped peak of Chimborazo—the vol- 
cano with which his name will always be associated. 

Back of Schloss Tegel is a park, with a magnificent 
old oak, at the end of which in a recess of the woods is 
the little cemetery of the Humboldt family. The 
graves, marked by simple headstones, are overgrown 
with ivy. In the center of the enclosure rises a beautiful 
monolithic column of red granite with an Ionic capital 
supporting a replica of Thorwaldsen’s statue of Hope. 
The pedestal of the column bears the names of the 
two brothers and the dates of their births and deaths. 

Humboldt’s relationship to chemistry was in no wise 
different from his attitude toward other sciences. He 
was pre-eminently a naturalist—the greatest perhaps 
of all time, for his ‘‘Cosmos”’ is the most perfect attempt 
to combine all the scientific knowledge of a period into 
a harmonious conception of the universe. Disregarding 
the artificial lines of demarcation with which man for 
his convenience had circumscribed special fields of 
scientific investigation, Humboldt viewed and studied 
nature as a whole. His investigations covered the range 
of all the sciences in their mutual relationships—a point 
of view that enabled..him to explore borderlands of 
research neglected by the narrow specialist. 

It is to the great credit of Humboldt that he held 
aloof from the petty polemics that disturbed the world 
of science a century and more ago. Yet however bitter 
were their own personal quarrels, the rival partisans of 
chemistry, physiology, and medicine (including such 
adversaries as Liebig and Dumas) regarded Humboldt 
with an equal degree of affection. It could not be 
otherwise, for so far as science was concerned Humboldt 
bestowed encouragement and inspiration upon all, the 
same helpful hand to the young unknown beginner as 


(Continued on page 258) 





An Apparatus for the Study of the Gas Laws 


OTTO F. STEINBACH and GEORGE F. CONERY 
City College of New York, New York City 


REES’ GEREERGE EMR 


BERBER RERE _BRBRRRETESRRERE HS 











ty 5) A, SF SE SE YT Ss Fa 

















HE following apparatus, which can be assembled 
from ordinary stock, can be used in the laboratory 
for the study of the gas laws. 


LAWS OF BOYLE AND CHARLES 


The apparatus consists of a 250-cc. Erlenmeyer flask, 
a 50-cc. buret, a 1-liter beaker or a large tin can to 
serve as a thermostat, a thermometer, and 60 to 80 cm. 
of 2.5-3-mm. capillary tubing, which functions as a 
manometer. The manometer tubing is graduated 
every 0.2 cm. on the lower end for a length of 2 cm., 
and thereafter is graduated every centimeter. This 
can be done with crucible marking ink which should be 
fired on if permanency is desired. Alternately, a 
paper metric scale may be pasted on the manometer 


above the stopper of the flask. The assembled ap- 
paratus is shown in Figure 1. 

To obtain the data for Boyle’s law, it is first neces- 
sary to know the volume of the Erlenmeyer flask. 
This may be determined with an ordinary graduated 
cylinder. Fifty cc. of dibutyl phthalate are first 
poured into the flask; the apparatus is then assembled 
and placed in the constant temperature bath at room 
temperature with the buret stopcock open. When the 
system has come to temperature equilibrium, the stop- 
cock is closed and the buret is filled with dibutyl phthal- 
ate. The reading of the manometer is recorded and 
also the barometric pressure. For simplification of the 
calculations, the barometric pressure may be changed 
from cm. of mercury to cm. of dibutyl phthalate by 
multiplying the barometric height by 12.96, since that 
is the ratio of the densities of the two liquids, 13.546 
and 1.045. Then sufficient dibutyl phthalate is added 
from the buret to give increments in pressure of 5 cm. 
The buret and manometer readings should be recorded 
each time. Table 1 is a sample of the data obtained 
from one experiment. Since the volume of the empty 
flask was 275 cc. and 50 cc. of manometer liquid were 
added, the actual volume available to the air at the 
beginning was only 225 cc. 


TABLE 1 


T = 20°C. Barometric pressure = 76.7 cm. 


Volume, Manometer, Pressure, 
Ce. Cm. Cm. 


994.0 
1001.2 
1008.2 
1016.2 


225.0 
223.0 
221.1 
218.9 


223,650 
223,267 
222,913 
222,446 
222,034 
221,680 
221,415 
221,137 
220,845 


217.0 
215.6 
214.3 
213.0 
211.7 


1023.2 
1028.2 
1033.2 
1038.2 
1043.2 


Ur PR wWWD 
COuonowaweo 
cooocoocoeocem 


Av. 222,154 
Average deviation ‘4/1 
Since the level of the liquid in the Erlenmeyer flask 
changes only about 0.1 cm. due to the liquid added 
from the buret, it is not necessary to read the lower 
end of the manometer each time in order to establish 
the height of the manometer, as the error introduced is 
small. It will be observed that there is a continuous 
drift in the value of the PV product. This is probably 
due to the increased solubility of air in the manometer 
liquid at the higher pressure. This also produces 4 
drifting manometer. When mercury was used as the 
manometer liquid, this drift was not observed. It 1s 
possible to obtain similar results by using a numbef 
10 or 0 motor oil in place of the dibutyl phthalate. 
When the apparatus is used for the study of Charles’ 
law the accuracy is only around 10 per cent. The 
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apparatus is set up as previously described. After 
it has reached temperature equilibrium, the stopcock is 
closed and the temperature of the water bath is raised. 
The temperature of the water should be carefully con- 
trolled and sufficient time allowed for temperature 
equilibrium to be attained. The temperature and 
manometer readings are then recorded. Table 2 is 
a sample of the results obtained from an experiment. 
A thermometer divided in whole degrees was used. 
The barometric pressure was 75.3 cm. of mercury. 


TABLE 2 


Manometer, Pressure, 
7, 7m. Cm. Cm. 


292.6 0. 
311.6 6 


T, calc. °K. 
Initial 
Final 


8 975 aie 
56.8 - 1031 309 


In order to obtain reasonable experimental results, 
considerable care must be used in adjusting the tem- 
perature of the water bath. Likewise, at least 10 
minutes should elapse before the final manometer 
reading is taken. 


DALTON’S LAW OF PARTIAL PRESSURES 


The apparatus consists of suction flasks of 250- and 
500-cc. size, two graduated manometer tubes made 
from 2.5-mm. capillary tubing about 60 cm. long, three 
screw clamps or glass stopcocks, and two large tin cans 
to serve as constant temperature baths. The as- 
sembled apparatus is shown in Figure 2. 

The volume of the flasks should be predetermined 
with a graduated cylinder. Then 50 to75 cc. of dibutyl 
phthalate are placed in each flask and the apparatus 
assembled as sltown in the accompanying diagram. 
The barometric pressure is then recorded. Dry air is 
then passed into the large flask B, and O2 obtained from 
a steel cylinder into flask A through the tops of the 
manometers while the stopcocks are open. . Since the 
pressures required are small, the source of the com- 
pressed air may be a foot or hand bellows or a bicycle 
pump. If carbon dioxide is substituted for oxygen, 
it can be obtained from a large Kipp generator which 
has been stoppered on the top. After the flasks have 
been flushed out thoroughly with dry air and oxygen 
the connection is removed, the stopcock closed, and 
the gases allowed to come to room temperature. To 
adjust the pressure in the flasks to atmospheric pres- 
sure, the stopcocks are opened momentarily and then 
shut again. The zero readings of the manometers are 
then recorded. As long as the room temperature is 
fairly steady and there are no drafts, it is not neces- 
sary to place the flasks in the tin pails which serve as 
constant temperature baths. 

The air is now forced in through stopcock E and the 
oxygen through stopcock C. After the desired pres- 
sures have been attained the stopcocks are closed, 
and when the liquid in the manometer tubes has 
ceased to rise the readings are taken. The stopcock D 
is then opened and the gases are allowed to mix. The 
manometers are read when the liquid in them ceases 
to change. The readings are corrected for the initial 
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reading of the manometers, and then the average of 
the two readings is taken as the observed final pres- 
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FIGURE 2 


sure. This is necessary because the amounts of 
manometer fluid may be different in the flasks, and 
also because the manometers are not necessarily located 
at the same depth in the liquid. The procedure can 
be repeated as often as desired; each time, however, 
it is necessary to flush each flask out with the respective 
gas to be used in that flask. 

The following data were taken from one experiment 
employing oxygen in the small flask and air in the large 
flask. The atmospheric pressure was 76.0 cm. of mer- 
cury, which is equivalent to 985 cm. of dibutyl phthal- 
ate. The volume of flask A was 300 cc. and that of 
flask B was 560 cc. Then 50cc. of dibutyl phthalate 
were added to flask A and 60 cc. added to B, so that 
the actual volume of A was 300 — 50 or 250 cc., and 
that of B was 560 — 60 or 500cc. The initial reading 
of the manometer in flask A was 1.20 cm., and in flask B 
it was 1.0 cm. Oxygen was allowed to enter flask A 
until the manometer stood at the height of 20.0 cm. 
Thus the corrected height is 20.0 — 1.2 or 18.8 cm. 
Air was forced into flask B until the manometer stood 
at the 56.6-cm. mark, and when corrected for the initial 
reading, the value is 55.6 cm. Thus the pressure in 
flask A is 985 + 18.8 or 1003.8 cm., while the pressure 
in flask B is 985 + 55.6 or 1040.6 cm. The calculated 
pressure can be obtained by applying Boyle’s law to 
each gas, assuming that it is expanding into a vacuum. 
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Thus, if the oxygen in flask A was allowed to expand 
into flask B which had been evacuated, it would have a 
pressure of 1003.8 X ?°/759 or 334.6 cm. For the air in 
flask B the pressure would be 1040.6 XK 59/159 or 693.6 
cm. Since the total pressure is the sum of the partial 
pressures, namely, 334.6 and 693.6, it should be equal 
to 1028.2. 






































FIGURE 3 


After stopcock D was opened and the manometers 
stood steady it was observed that the manometer in A 
read 44.6 cm., while that in B read 44.2 cm. When 
corrected for the initial reading, the manometer A is 
44.6 — 1.2 or 43.4 cm. and the reading of B is 44.2 — 
1.0 or 43.2 cm., and the average of the readings is 43.3 
cm. Thus the total observed pressure is 985 + 43.3 
or 1028.3 cm. This agrees very nicely with the calcu- 
lated pressure of 1028.2 cm. 

In concluding, it may be mentioned that other 
liquids such as light motor oil or mercury can be used 
in place of the dibutyl phthalate. 
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GRAHAM'S LAW OF EFFUSION AND THE RELATIVE VIS- 
COSITY OF GASES 


The assembled apparatus, which is a modified Bun- 
sen effusiometer, is shown in Figure 3. The apparatus 
consists of a 250-ml. pyrex suction flask, a pipet of 
either 10-, 25-, or 50-ml. size, two glass stopcocks, 
aluminum foil, a length of glass tubing, capillary tubing 
from broken thermometers, and a large tin can to serve 
as a constant temperature bath. The orifice is con- 
structed by perforating the aluminum foil with a sharp, 
slender needle. Another method which was found to 
be very satisfactory is to fold the foil in two right-angle 
folds. This generally produces a hole in the foil which 
is smaller than that made with a needle. The foil is 
rolled flat again with some glass tubing. The foil is 
then fastened to a short piece (1”) of glass tubing with 
sealing wax or de Khotinsky cement, and this in turn 
is held to the stopcock D by a short length of rubber 
tubing. 

The apparatus is first calibrated with dry air. This 
is accomplished by adding 50 to 75 cc. of dibutyl phthal- 
ate or a very light motor oil to the flask. The appara- 
tus is then assembled and dry air is forced in through E 
to bring the liquid to the mark A on the pipet. Since 
the pressure required is small, the air may be obtained 
from a foot or hand bellows or a bicycle pump if a 
source of compressed air is not available. The flask is 
next placed in the constant temperature water bath, 
and when it has attained temperature equilibrium, 
stopcock Dis opened. The time for the level of the 
liquid to fall from marks B to C is determined. 

To determine the molecular weight of carbon dioxide, 
for example, the air is flushed out of the flask by con- 
necting the source of the gas to the open end of the 
pipet and allowing the gas to pass into the flask for 5 
to 10 minutes, with the stopcock E open. This also 
saturates the liquid in the flask with carbon dioxide. 
The procedure for filling the flask with carbon dioxide 
is then repeated, as previously described for air, and 
the time of efflux between marks B and C is deter- 
mined. Several trial runs should be made in order to 
displace completely the air in the tube leading to the 
orifice. The molecular weight is then calculated by 
the equation. 

- molecular weight of air 
molecular weight of CO, 


(time of efflux for air)? 
(time of efflux for CO)? 





Since the pressure required to force the liquid from the 
flask into the pipet is not large, the carbon dioxide 
may be obtained from a large Kipp generator which is 
stoppered on the top. Gas obtained from steel cylin- 
ders is much more convenient, however. 

Using a 25-cc. pipet and a time of efflux of 300 seconds 
for air in the above apparatus, an accuracy of 1 per 
cent can be easily obtained for the molecular weight of 
either O2 or COs. The glass tube upon which the foil 
is mounted may be removed and replaced without ap- 
preciably changing the time of efflux, providing it is 
pushed down to make contact with the glass stopcock 

(Continugd on page 227) 





Toxie Chemical Materials 


FIRST LIEUTENANT DOUGLAS G. NICHOLSON 


Chemical Warfare Service, United States Army 


HE average layman shares the popular concept 

that the materials and methods used in chemical 
warfare are more terrible and less humane than those 
used by other branches of our military forces. Regard- 
less of the method used, when two or more nations are 
involved in a war, we shall always have casualties and 
suffering. Thus no single type of warfare can be con- 
sidered humane. 

The mechanics of a steel pellet flying through space 
ultimately striking an individual, “‘liquidating’’ him, 
are quite simple and rather easily understood. At the 
same time the use of casualty-producing gases which are 
capable of entering trenches, foxholes, and shellholes 
is apparently more mysterious and is often considered 
amore terrible form of warfare. 

We all have used electricity in some form in our daily 
work. Yet very few individuals have a concrete con- 
ception of the constitution of the ultimate particles of 
electrical energy. Electricity, in the form of lightning 
or a short circuit in a power plant, can be very harmful 
and is capable of doing a great deal of damage. When 
handled properly it is an essential and valuable tool in 
everyday work. Ina similar manner the lack of under- 
standing of the capabilities and limitations of military 
gases can increase their casualty-producing effects. 
Proper training» of civilian and military personnel in 
first aid measures, use of protective equipment, and the 
detection and limitations of such agents can do much 
to reduce their casualty-producing properties. 

During World War I approximately, one-fourth of all 
American casualties! were caused by chemical agents. 
Statistics have shown that a chemical casualty had 12 
times as good a chance of full recovery as one caused 
by other means. Thus, in accepting these figures, we 
must agree that chemical warfare is more humane than 
other forms of combat. 

From the point of view of the well-trained soldier, 
it is only proper to state that by using knowledge gained 
in his training, by making use of discipline measures 
taught him, by using the various protective devices 
and first aid remedies given him, he may find chemical 
agents to be bothersome, and to cause some discomfort, 
but under normal conditions he will not find them too 
dangerous. Any reduction in vigilance and proper 
techniques will result in serious and unnecessary casual- 
ties from these materials. 

Although considerable time and effort have been 
spent in training our civilian personnel in protective and 
first aid measures it is sincerely hoped that any possible 
use of toxic chemicals will be confined to combat zones. 
There is no assurance that this will be the case. 


1 In this paper the term ‘‘casualty” implies putting a man “‘out 
of action” and does not mean death. 


In considering chemical warfare agents, it may be well 
to understand the several classes into which these mate- 
rials are divided. These are (1) the tactical and (2) 
the physiological classifications. 

Tactically we may have (a) casualty gases, (b) har- 
assing gases, (c) screening smokes, and (d) incendiaries. 
In turn, the physiological classification may be divided 
into five groups as follows: (a) choking gases, (0) blister 
gases, (c) tear gases, (d) vomiting gases, and (e) blood 
and nerve poisons. 

The screening smokes and incendiaries will not be 
discussed in this paper. 

Since the technical names, symbols, or formulas as- 
sociated with individual compounds and elements do 
not have a great deal of importance to the average 
soldier or layman, the Chemical Warfare Service of our 
country has adopted the series of symbols mentioned in 
this paper. In this manner the workman in a produc- 
tion plant as well as the soldier in battle can refer to 
“FS” as a smoke-producing liquid without becoming in- 
volved in any technical terms or symbols. As new’ 
chemical materials are developed, the present list of 
CWS symbols will be expanded. 

Quite recently an attempt has been made to stand- 
ardize our CWS symbols and associated terms with 
those used by the British army. Table 1 shows the re- 
sults. 

TABLE 1 


New 
Classification 


New Old 


Common Name of 
Symbol Classification 


Agent 


Mustard 5 H 
Lewisite L 
Mustard - Lewisite 

mixture HL Vesicant 
Brombenzylcyanide BBC _Lacrimator 
Phenyldichlorarsine PD Sternutator 
Arsine oe SA Systemic poison 


Blister gas 
Blister gas 


Vesicant 
Vesicant 


Blister gas 

Tear gas 

Vomiting gas 

Blood and nerve 
poison 

Blood and nerve 
poison 

Blood and nerve 
poison 

Blister gas 


Cyanogen chloride as ce Systemic poison 


Hydrogen cyanide ne AC Systemic poison 


Nitrogen mustards oh HN Vesicant 


It is believed that Chemical Warfare Service mate- 
rials which are not mentioned in the above table will re- 
tain their old symbols. All agents formerly classified as 
‘‘vesicants’” are now classified as “‘blister gases’; those 
formerly classified as ‘‘lung irritants’ are now “‘choking 
gases’; ‘‘lacrimators’’ are now classified, as ‘‘tear 
gases’; and ‘“‘sternutators’’ are now classified as ‘‘vom- 
iting gases.’ The materials formerly classified as 
“systemic poisons’ are now classified as “blood and 
nerve poisons.”’ 

It should be remembered that the term “‘gas’’ is used 
in a very broad sense in these classifications. Many of 
these materials are either solids or liquids at ordinary 
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temperatures, although they are called ‘‘gases.” An 
attempt has been made to adhere to the newer classifi- 
tion in the discussion of the various agents. 

In order to be an effective chemical warfare agent a 
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similar to dirty crankcase oil in both color and vis. 
cosity. It has a garlic-like odor. When pure it freezes 
at 14.4°C., and boils at 228°C. with slight decom. 
position. Its specific gravity is 1.274 at 20°C. 


. 


FIGURE 1.—CHEMICAL WARFARE SERVICE TROOPS WORKING IN IMPERMEABLE PROTECTIVE 
CLOTHING 


material must meet with several important qualifica- 
tions: (1) It must be effective in relatively low atmos- 
pheric concentrations. (2) It must be capable of being 
produced in large quantities from raw materials which 
are rather readily available. (3) It should have a den- 
sity greater than that of air. (4) It must be relatively 
stable under storage conditions. (5) It should be 
stable under conditions of impact such as are encoun- 
tered in exploding shells. (6) If a gas, it must be ca- 
pable of being readily liquefied and easily vaporized 
when the pressure is released. 

One of the older and better known of our chemical war- 
fare agents is ‘‘mustard”’ gas. Chemically this material 
is 8,8’-dichlorodiethylsulfide (CICH,CH:SCH2CH.C1). 
When pure it is a nearly colorless liquid, although the 
commercial product is a dark brown liquid appearing 


Mustard gas has the Chemical Warfare Service sym- 
bol H, and is classified as a persistent material, as it 
will remain in an area from several hours to several 
days (depending on wind and temperature conditions). 
It is hardly affected by water at ordinary conditions, 
although hot water or steam will cause its hydrolysis 
to take place, with the formation of hydrogen chloride 
and thiodiglycol. It is known as a “‘blister gas’’ since 
exposure to it will cause severe burns and blisters on 
the skin. Its vapors will cause skin irritation as well as 
severe irritation of the eyes. If inhaled for some time 
mustard vapors will damage the lung tissues in a manner 
similar to that caused by a “‘choking gas.’’ The liquid 
mustard droplets will penetrate normal clothing as well 
as “impregnated” clothing (chemically treated cloth- 
ing). The chemically treated clothing usually gives 
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ample protection from vapors and minute droplets, 
while normal garments give but little protection in this 
respect. . 

In addition to the special impregnated clothing (also 
known as permeable clothing) there is also available an 
impermeable type which will give protection against 
both the liquid as well as the vapors of this agent. This 
material is quite similar to the fabric used in the com- 
§ mon oilskin type of raincoat. Thus, extreme discomfort 
soon results if one is required to do any amount of 
strenuous work when wearing such a garment, as it 
provides no means for skin ventilation. Figure 1 shows 
members of a Chemical Warfare Service Laboratory 
Company dressed in such uniforms, hooded and 
masked, removing a sample of a toxic material from a 
projectile. 

Burns on the skin resulting from mustard vapors 
appear quite similar to those resulting from a severe 
case of sunburn. The degree of the burn is propor- 
tional to the time of exposure as well as the vapor con- 
centration. A definite itching sensation accompanies 
such exposure. Burns from the liquid agent result in 
the formation of large blisters. Often a time interval 
of six to twenty hours passes before the blisters attain 
their maximum size. The blisters are filled with a non- 
blistering, clear liquid. Case history tends to show that 
different individuals exposed to the same concentration 

of mustard vapor for the same length of time often ex- 
hibit different degrees of burning. ’ 

First aid for exposure to liquid mustard consists in 
rapid removal of all excess of the agent, using a cloth 
or other absorbent material in a blotting-like action. 
This is followed hy application of protective ointment 
(supplied to each soldier) which is rubbed thoroughly 
over the exposed areas. If the ointment is not avail- 
able the exposed area or areas should be thoroughly 
washed with strong soap and water as soon as conven- 
ient. If neither the ointment nor soap and water are 
available the exposed areas should be washed with gaso- 
line to remove the agent. Care should be exercised not 
to use the ointment in the eyes, even though they are 
seriously affected by both mustard vapor as well as the 
liquid. First aid for mustard in the eyes consists of 
flushing out the areas with large amounts of water. 
Partial or total blindness may result if such action is 
not taken immediately. The gas mask, if donned as 
soon as the agent is detected, will give ample protection 
for eyes, face, and lungs. Small areas of clothing which 
are contaminated with minute droplets of mustard 
should be treated immediately with the protective 
ointment; heavy liquid contamination of clothing 
should be followed by immediately cutting out the con- 
taminated areas, or removal of the garment or garments 
as soon as possible. 

Areas contaminated with H are usually posted to 
show their location. In this way further contamina- 
tion of feet and clothing by brushing against woods, 
bushes, etc., is avoided. Soles of shoes are nevertheless 
decontaminated by stamping and shuffling the feet 
through a “‘shuffle-box” containing a mixture of chlo- 
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rinated lime (bleach) and soil. In certain situations it 
is necessary for personnel to work in contaminated 
areas. Such areas are decontaminated by special 
crews wearing protective clothing. For roads or large 
surfaces these men may use either a special organic 
decontamination agent dissolved in acetylene tetra- 
chloride (C2H2Cl) (generally used on planes, guns, 
vehicles, and special equipment), or a slurry of bleach- 
ing powder suspended in water. The decontamination 


agents are generally sprayed on the surfaces to be 
treated. Figure 2 shows a crew of men dressed in im- 
pervious clothing, decontaminating a vehicle with the 
organic material dissolved in acetylene tetrachloride. 





FIGURE 2.—CHEMICAL WARFARE SERVICE TrRooPS DECON- 
TAMINATING A VEHICLE 


The healing of mustard blisters is hastened by using 
sterile bandages saturated with amyl salicylate (three 
or four applications per,day for several days). 

Lewisite (named for Dr. W. L. Lewis), is beta- 
chlorvinyldichlorarsine (CICH:CHAsCl) and has the 
Chemical Warfare Service symbol L. It is classified as 
a persistent “‘blister gas.” It freezes at —18°C., and 
boils at 190°C. Its density at 20°C. is 1.88. When 
pure the liquid is colorless to slightly yellow. The com- 
mercial product is dark brown and has the odor of 
geraniums. It is soluble in most of our common oils 
as well as in liquid mustard. It is practically insoluble 
in water, but hydrolyzes readily forming hydrogen 
chloride and chlorvinylarsenious oxide. This latter 
hydrolysis product is texic (since it contains arsenic), 
though nonvolatile. Under conditions of extremely 
high humidity or heavy rainfall, lewisite is not a par- 
ticularly persistent agent. In most other respects the 
action of this agent is very similar to that of mustard. 
Case histories indicate that there is more discomfort 
from lewisite burns than from those of liquid mustard 
of an equal concentration. 

Lewisite is particularly dangerous to the eyes. Un- 
less treatment is administered within five minutes 
after exposure to the liquid, partial or total blindness 
may result. A specific first aid remedy has been de- 
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veloped, and if the eyes are treated with this material 
shortly after exposure to the liquid agent complete 
restoration of vision is usually possible. 

First aid for L is, in general, quite similar to that men- 
tioned for H. Exposed areas of the skin are cleared 
from as much of the agent as possible, and then are 
treated with an 8 per cent solution of hydrogen per- 
oxide or with protective ointment as outlined under 
treatment for H. When available, strong soap and 


FIGURE 3.—CWS SOLDIER, DRESSED IN IMPREGNATED 
CLOTHING, POSTING AN AREA CONTAINING GAS 


water are a very good first aid remedy for L. All con- 
taminated clothing should be removed as soon as pos- 
sible. Protective clothing, either impervious or perme- 
able, will give protection from the vapors of this agent. 

Ethyldichlorarsine (C,Hs;AsCl,), Chemical Warfare 
Service symbol ED, is a moderately persistent casualty 
and harassing gas which is generally classified as a 
“blister gas.” It has a biting odor in air, melts at 
—30°C., boils at 156°C., and is soluble in ethylchloride. 
It hydrolyzes slowly, forming hydrogen chloride and 
ethylarsenious oxide (latter material is toxic but not 
volatile). Its blistering action is estimated to be about 
one-sixth as powerful as that of H. Exposure to this 
agent tends to cause paralysis of the fingers. Its vapors 
cause burns to the respiratory tract. The use of a gas 
mask and the wearing of protective clothing will give 
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adequate protection against this agent. First aid fy 
ED is essentially the same as that for H. 

ED is often used in offensive situations where } 
would not be permitted because of the higher pe. 
sistency of the latter. 

Chlorpicrin, Chemical Warfare Service symbol P§ 
has the formula CCl;NO:, and may be considered a 
chloroform in which the H atom is replaced by an NO, 
(nitro) group. Thus, it is sometimes called nitrochloro. 
form, or trichlornitromethane. It is classified as 4 
moderately persistent harassing and casualty agent 
since it is both a tear and a choking gas. It has an odor 
similar to fly paper, melts at —69.2°C., boils at 112°C, 
and is soluble in chloroform, phosgene, and liquid 
chlorine. It is not appreciably hydrolyzed by water, 
aqueous acid, or aqueous solutions of acid or alkali 
Alcoholic alkali solutions will promote its decompos- 
tion. It shows slight corrosive effect on metals. The 
harassing nature of this material can be illustrated bya 
personal experience of the author. One sniff froma 
sniff set caused at least 20 consecutive sneezes, anda 
distinct burning sensation remained in the nasal and 
throat passages for a period of two or three hours. 

Liquid droplets of this material may be removed by 
washing with soap and water. A gas mask will give 
adequate protection against the vapors for nasal and 
throat passages. 

In the more recent months we have heard more or 
less about the so-called ‘new’ war gases. Many oi 
these reports are unfounded and should be discounted 
as rumors. While these materials are generally con- 
sidered to be in the experimental stage, a few facts con- 
cerning the composition and action of one such class 
can be revealed. Brigadier General A. H. Waitt has 
described this class of agents, the “nitrogen mustards,’ 
in a recent publication.? Agents in this class may be 
either solids or liquids, and their color varies from color- 
less to pale yellow. The odor of these materials varies 
from “‘slightly fishy” to none at all. They are classified 
as blister gases which are generally less persistent that 
mustard and are also less severe in their blistering 
action, but they are believed to have more severe at- 
tion on the eyes than do the other, better-known ma 
terials. 

Up to the present point we have discussed the pet 
sistent and the moderately persistent agents. Of the 
nonpersistent gases we have two which are rather well 
known. These are chlorine (Chemical Warfare Service 
symbol Cl) and phosgene CG). Since most of our ele 
mentary textbooks cover the properties and action of 
chlorine in a complete manner this substance will not be 
discussed. 

Chemically, phosgene is carbonyl chloride (COCK) 
It is classified as a choking casualty-producing gas. It 
has an odor similar to ensilage or freshly cut hay. Its 
melting point is — 104°C. and it boils at 8.30°C. Whe 
dry it has no corrosive effect on metals. It hydrolyz¢ 
rapidly, forming CO, and HCl. It causes a distinct 


2 Warrt, “Nitrogen mustard gases,” Infantry Journal, Ul, 
No. 3, p. 44 (1943). 
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burning sensation in the eyes, throat, and respiratory 
passages, and one or two breaths in sufficiently high 
concentration may be serious or even fatal. Its per- 
sistency usually varies from 1 to 10 minutes. Often a 
delay of several hours takes place between the time of 
exposure and the first physiological symptoms. The 
use of this agent in a surprise attack on sleeping troops is 
often very effective. The standard gas mask offers ade- 
quate protection. From this discussion it is readily 
seen that any laxness in training and discipline on the 
part of military personnel would greatly increase the 
danger from phosgene. 

Because of the low boiling point of phosgene (rapid 
rate of evaporation), an agent called diphosgene 
(Chemical Warfare Service symbol DP) has been de- 
veloped. Chemically this material is trichlormethyl- 
chloroformate (CICOOCCI;). It is a moderately per- 
sistent agent. Its melting point is —57°C. and its 
boiling point is 127°C. It has an odor similar to that of 
phosgene. It slowly hydrolyzes in water or water 
vapor, forming CO, and HCl. Physiologically, it burns 
the lower breathing apparatus, causing edema, and also 
irritates the eyes. The gas mask will give ample pro- 
tection. 

Individuals who have been exposed to either CG or 
DP should be kept warm and should not be permitted to 
exert themselves. They should be forced to lie still 
and should be carried to the rear as promptly as possible. 
Coffee should be given as a stimulant. 

The Chemical Warfare Service also uses a class of ma- 
terials called tear gases. The materials generally con- 
tain alpha-halogen-carbonyl groups, and usually have 
relatively low vapor pressures. When the vapors of 
these materials strike the eyes they cause irritation and 
a copious flow of tears—hence the name tear gases. 
This class of agents has been used to good advantage in 
breaking up civil riots and is of great value in simulat- 
ing nonpersistent toxic gases in troop and civilian train- 
ing programs. In the field their use will force the wearing 
of a gas mask; thus they are considered as harass- 
ing gases. 

Chloracetophenone (Chemical Warfare Service sym- 
bol CN) is phenylchlormethylketone (CsH;COCH:.C1). 
The commercial product is a light-colored solid having 
amelting point of 59°C. and a boiling point of 247°C., 
and is soluble in most organic solvents. Its odor, in low 
concentrations, is similar to that of apple blossoms. It 
may be dispersed in the atmosphere at high tempera- 
ture or by spray of one of its solutions (such as a solu- 
tion in a mixture of benzene and carbon tetrachloride). 
A solution of this material in the two named solvents 
has the Chemical Warfare Service symbol CNB. 
Another solution of CN and PS in chloroform bears the 
Chemical Warfare Service symbol CNS. Obviously 
this latter solution would combine the effects of the 
two agents which it contains. Brombenzyl cyanide 
(CSHH;CHBrCN) is also a tear gas and has the Chemical 
Warfare Service symbol BBC. ‘This material melts at 
25°C. and boils at 225°C. Its vapors have an odor like 
sourfruit. It is soluble in many of our common organic 
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solvents as well as in other agents such as PS. It is very 
corrosive to iron and must be held in lead- or enamel- 
lined containers. 

All materials which have been discussed up to the 
present time are solids, liquids, or gases which have 
noticeable vapor pressures at ordinary temperatures. 
Thus, it is the vapors which affect the respiratory 
organs, although liquid blister gases are also casualty 
producers. Contrasted with this group of agents we 
have a class known as vomiting gas. These materials 
are dispersed, usually by thermal methods, as finely 
divided solid smoke particles. If breathed they are 
capable of causing sneezing, coughing, vomiting, and 
depressing headaches. The chemical adsorbents in the 
gas mask canister do not remove these materials. 
There is, however, a mechanical filter apparatus in the 
canister which actually filters the air and thus removes 
these agents by a strictly mechanical method. There 
are three materials which fall in this class. These are 
diphenylamine chlorarsine [NH(CsH,)2AsCl], Chemical 
Warfare Service symbol DM; diphenylchlorarsine 
(CsHs)2AsCl, Chemical Warfare Service symbol DA; 
and diphenylcyanarsine (CsH;)2AsCN, Chemical War- 
fare Service symbol CDA, or DC. DM, also known as 
Adamsite, has a melting point of 195°C. and boils at 
410°C., with decomposition taking place below the 
boiling point. First aid measures for the canary- 
colored irritant smoke consist of breathing the chlorine 
vapors emitted from bleaching powder. This agent 
may be released from a candle, or grenade, or from a 
burning-type shell. 

DA has a melting point of 44°C. and boils at 383°C. 
with decomposition. It is practically odorless. On 
storage it slowly decomposes, and on exposure to water 
it hydrolyzes slowly. It may be neutralized by caustic 
alkalies or chlorine. This agent is also dispersed by 
means of thermal-type munitions. 

CDA* has an odor suggesting bitter almonds. It 
melts at 31.5°C. and boils at 350°C. It corrodes iron 
and steel but is stable on storage. The methods of 
neutralizing and protecting against this agent are simi- 
lar to those mentioned for DM and DA. 

Individuals who have been exposed to these vomiting 
gases should be removed from the area as soon as pos- 
sible. Usually the effect lasts but a few hours. Nor- 
mally such individuals will be able to return to their 
duties thereafter. 

No discussion of gases used in war would be complete 
without a few remarks concerning the gases which are 
classified as blood and nerve poisons. These materials 
include those compounds which poison the system and 
which are capable of causing death in relatively low 
concentrations. Those which will be discussed are 
carbon monoxide, (CO); arsine, (AsH3); and hydrogen 
cyanide, (HCN). These materials all have relatively 
low molecular weights and hence are rapidly dispersed. 
Their tactical use would depend on putting down an ex- 


3 A note in the book, ‘‘Gas Warfare,” by Brigadier General 
Waitt, states that the Japanese are reported to have used CDA 
in shells and bombs against the Chinese. 
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tremely high concentration of the agent for a relatively 
short time period. Since all are extremely toxic in 
relatively low concentrations, it is readily seen that 
situations would occur in which these substances may be 
used to advantage. 

Carbon monoxide is a colorless, odorless gas having 
approximately the same density as air. It boils at 
— 192°C. and freezes at —205.7°C. Physiologically it 
combines with the hemoglobin of the blood, forming an 
addition compound which is more stable than the oxy- 
hemoglobin compound. Thus an individual exposed to 
this gas actually suffocates for lack of blood oxygen 
even though he is living in an atmosphere containing an 
ample concentration of it. Due to its extremely low 
critical point, this gas could be retained in a liquid 
state only at a very low temperature. Hence it could be 
used only as compressed gas in shells and cylinders. 
This would limit the quantity that could be placed on a 
target in any time interval. 

Arsine is also a colorless gas. It melts at —113.5°C. 
and boils at about —55°C. It has a nauseating garlic- 
like odor in moderate concentrations, and when diluted 
is almost odorless, although still toxic. This gas is de- 
composed above 230°C. Thus it may be used in cyl- 
inder attacks (limited usage), in grenades, or in shells, 
provided the temperature resulting from the bursting 
charge does not cause excessive decomposition of the 
agent. 

The symptoms of arsine poisoning vary with the de- 
gree of exposure. Generally anemia develops with a 
progressive drop in the red blood cell count. Jaundice 
is evident in cases of moderate exposure. This agent 
has a very profound effect on the kidneys, forming 
some sort of mechanical block, so that the passage of 
urine is hindered. The casualty usually shows evidence 
of uremia, and often dies from this poisoning. 

Hydrogen cyanide (Prussic acid gas) is colorless and 
has an odor similar to bitter almonds. It boils at 26°C. 
and freezes at —15°C. In closed spaces it is extremely 
toxic, but its dispersion is so rapid in the field that low, 
nonlethal concentrations are soon established. 

This gas arrests the activity of all forms of living 
matter by inhibiting oxidation. In high concentration 
it causes death with dramatic rapidity through paraly- 
sis of the respiratory center in the brain. In open war- 
fare this gas soon diffuses so that it loses its effective- 
ness. Its tactical value can be seen by observation of its 
relatively high boiling point, in addition to its extreme 
toxicity in closed spaces, such as in dugouts, tanks, etc. 

Our standard gas mask canisters will give protection 
only for a short time to low concentrations of CO, 
AsH;, and HCN. A special canister which gives pro- 
tection against carbon monoxide contains a catalyst 
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which oxidizes the CO to CO. Anather canister fy 
protection against acidic toxic gases such as HCN, H,§ 
etc., contains an alkali-impregnated absorption layer, 

A large-scale use of these blood and nerve poisons js 
unlikely but not impossible. In specific instances thei 
use might be of tactical value. 

The means of laying down or dispersing the war gasy 
depend on (1) the physical state of the agent, (2) the 
type of mission desired, (3) the persistency of the agent, 
and (4) terrain and weather conditions. 

Persistent and moderately persistent gases may h 
laid down by airplane spray, explosive land mines, 
artillery, or mortar fire. A combination of two or more 
of these methods may be used on certain specific 
targets. The nonpersistent gases, in which a high con- 
centration of agent is laid down in a short time interval, 
may be dispersed by mortar fire or aerial bombs. 

Persistent gases are generally used to contaminate 
areas which our troops will not occupy for some days ii 
and also to deny the enemy the occupation of certain 
areas. Nonpersistent gases are used for their surprise 
effect upon the enemy in areas which may be occupied 
by friendly troops a short time later. The surprise 
factor is of great importance in obtaining the greatest 
number of casualties, and is dependent upon the ability 
of friendly troops to get a great concentration of agent 
on the enemy in a very short time. 
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The Chemist and the Patent 
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OST students show a complete unfamiliarity with 
patents, and even most industrial chemists show 
areluctance to study them. The average student con- 
ronted with a typical chemical patent will probably, 
nt first, be able to make neither head nor tail of it. 
The language seems confusing. Many broad state- 
ments are often made without qualification. Not 
much of the caution found in the scientific journals is 
evident. The claims are the worst of all—they may 
seem to mean absolutely nothing. The patent doesn’t 
read with the lucidity of a textbook either. Of course 
he reason for this confusion is that the patent is a legal 
document and is couched in the best legal terminology 
that the patent attorney can devise. 

Here in a general sort of way is the manner in which 
most patents are drawn up. To illustrate it, a typical 
patent of recent issue will be taken in some detail. 
In the upper left-hand corner is the date of issue—in 
this case December 7, 1943. In the upper right-hand 
comer is the issue number—2,336,267. Below the 
caption, United States Patent Office, is the patent 
number, repeated, followed immediately by the title 
“Method of making airplane fabric.” Following the 
title is the name of the patentee, Robert L. Lester, 
and his address, Newburgh, N. Y., followed by the 
assignment—to E. I. du Pont de Nemours & Company, 
Wilmington, Del. Below the assignment are the 


Patented Dec. 7, 1943 


UNITED STATES 


words ‘‘no drawing,” the application date, March 27, 
1942, and the application serial number, 436,477. 
The last line of the heading contains the number of 
claims, 3, and the classification, 117—7. A glance 
into the Manual of Classification of Patents will show 
that class 117 is titled “Coating; Processes and mis- 
cellaneous products,” and it is seen that subclass 7 is 
for those processes involving stretching or tensioning. 

The first paragraph of the specification is a statement 
of the art to which the invention relates: “. . . coated 
fabrics, and more particularly to those designed for use 
in covering air frames of airplanes.” 

The next few paragraphs are a brief summary of the 
manner in which it has been customary to apply coated 
fabrics to aircraft surfaces, pointing out the evils and 
disadvantages of some of the prior methods. It is 
pointed out that the general practice has been to 
‘‘tailor an uncoated fabric to the airframe,’ then brush 
or spray coat with about six coats of cellulose deriva- 
tive dope, drying each one, and sanding two or three 
times. This older method is relegated to the scrap 
heap as being both tedious and time-consuming. 

The next three paragraphs deal with the objects of 
the present invention. Stated simply, the object is to 
provide a satisfactory predoped fabric. 

One paragraph is then devoted to a description of the 
invention in general terms. It involves coating a 


2,336,267 
PATENT OFFICE 


2,336,267 
METHOD OF MAKING AIRPLANE FABRIC 


Robert L. Lester, Newburgh, N. Y., assignor to 
E. I. du Pont de Nemours & Company, Wil- 
mington, Del., a corporation of Delaware 


No Drawing. 


Application March 27, 1942, 


Serial No. 436,477 


3 Claims. 


This invention relates to coated fabrics, and 
more particularly to those designed for use in 
covering air frames of airplanes. 

In the construction of aircraft, the practice 
has been to tailor an uncoated fabric to the air 
frame of an airplane and subsequently by brush- 
ing or spraying, or combination of both methods, 
to apply a solution of cellulcse derivative ccat- 
ing in sufficient quantity to tauten and protect 
the fabric. The uncoated fabric is sewn in the 
form of a “sock” and after turning it “inside out” 
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(Cl, 117—7) 


the prior art attempts, in order that the partially 
coated fabric would shrink after it was attached 
to the air frame and subsequentiy wetied with 
additional spray coats, it was necessary to use 
very little or no plasticizer in the pre-doping 
compesition. The unplasticized or slightly plas- 
ticized coating rendered the fabric too stiff for 
satisfactory tailoring to the air frame. When 
sufficient plasticizer was added to the coating to 
render the coated fabric sufficiently supple for 
satisfactory tailoring to the air frame, the coat- 
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water-wet fabric with-a cellulose derivative coating 
having a very low ratio of softener to film-forming 
material. The coating dope is made up, applied, and 
dried, so that the dry coating is deposited in the inter- 
stices in a porous condition and capable of penetration 
by solvents when additional coats of dope are later put 
on. 

Then follow three examples of cellulose-derivative 
dope compositions with directions for treatment of the 
fabric. The examples are followed by some general 
observations on their use. 

In order to broaden the disclosure and obtain as 
broad claims as possible there are included some sug- 
gestions designed to show how the specific examples may 
be varied. For example, it is pointed out that cellulose 
acetopropionate may be used in place of cellulose ace- 
tobutyrate and that the proportions of plasticizer to 
film-former may be varied more widely than the ex- 
amples show. 

Following this is a statement of a few of the advan- 
tages of the invention such as: “‘... results in a supple 
predoped fabric which may be easily and readily 
tailored to an airframe with no more difficulty than an 
uncoated fabric.”’ 

Last are the claims followed by the inventor’s printed 
signature. Claim 1 is: 


“The process of manufacturing predoped airplane fabric of 
improved pliability and suppleness which comprises wetting the 
fabric with water, applying thereto a water-insoluble cellulose 
derivative coating composition containing a volatile solvent for 
the cellulose derivative, and evaporating said solvent at a rate 
greater than the evaporation of the water in the said fabric to 
precipitate the cellulose derivative and render the coating dis- 
continuous.” 


The patent discussed above was taken as an example 
of a simple and clearly worded disclosure. The claims 
also are comparatively easily understood. It is a 
compliment to the company to which this patent is 
assigned that its patent department draws up patent 
applications in a simple straightforward manner. It is 
the misfortune of the patent examiner, and others, that 
many chemical patents are unduly prolix and difficilt to 
comprehend. The general outline of this particular 
patent is the one which is usually followed. 

A patent must be read with certain ideas always in 
mind. An applicant for a patent is trying to cover as 
broad a field as possible to prevent later patents from 
nullifying the effect of his own. Sometimes he has 
pursued his research far enough to establish the fact 
that many analogous substances will work in his proc- 
‘ess and produce satisfactory results. To use one ex- 
ample among many, it is common for inventors work- 
ing with reactions involving the higher fatty acids to 
give an example ‘using one of them—say stearic—and 
then state that other fatty acids will work just as well. 
They accordingly draw some claims to the use of higher 
fatty acids in general rather than to any one of them. 
The Patent Office often allows such claims and the 
courts sustain them. The chemist, however, when 
using the disclosure of patents in his research, must be 
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wary of all such broad assumptions. Too ofte 
when certain homologs are tried they give result 
different from those which the patent would have le 
one to expect. In such case the patent very likely 
contains some invalid claims, since some of them ar 
drawn to cover too much territory. A general rk 
might be to assume nothing beyond the actual example 
explained in detail in the patent. 

It is interesting to note that the late W. H. Carothers 
obtained one of his patents by establishing the fact 
that glycols of certain carbon chain lengths did not 
esterify with cértain acids to yield resinous products 
as many previous patents on alkyd resins would have 
led him to assume. Instead, microcrystalline solids of 
high molecular weight were produced. 

It must also be remembered that an inventor does not 
usually disclose every last detail of his process. He 
often omits mention of those conditions which produce 
optimum results, although those which he does dis. 
close must produce the results he describes—otherwise 
he has a patent that can easily be broken in the courts, 
It must also be remembered that the information con- 
tained in a patent is supposed to be for those ‘“‘skilled 
in the art” and it is assumed that people in that cate- 
gory do not need every small direction and detail of 
procedure. 

The next question that would probably occur to one 
who at this point would desire to become better ac- 
quainted with the use of chemical patents is: How can 
I find the ones which might help me in solving a certain 
problem, or, which would serve as bases for research I 
am conducting, or, which would give me information on 
the particular part of chemistry I am now studying? 
The answer to this question is not too simple, but here 
are some suggestions. 

Practically all chemical patents available to us, both 
our own and those of several foreign countries, are ab- 
stracted and listed in Chemical Abstracts. The ab- 
stract, however, is usually very brief and may give 
only the indication that this particular patent does or 
does not relate to the subject in which one is inter- 
ested. If it does, and if it is a U..S. patent, send 10 
cents to the Patent Office in Washington for a printed 
copy. If itis a patent from one of the foreign countries 
with which we have an exchange agreement, photostats 
of it may be had at 20 cents per sheet. 

Another way to obtain all possible patent information 
relating to a certain subject is to go to Washington and 
make use of the Patent Office search room. Here there 
are available classification manuals showing how all 
U. S. patents are logically arranged in more than 300 
classes. Copies of the official classification manual are 
available to the general public at a cost of one dollar. 

Class 260 is about the largest single class of chemical 
patents, although there are also many other classes 
devoted to this subject. A study of the subclasses 
under the main class should indicate the ones most 


1 FRANKL, R., with asssistance from Harry A. NEVILLE, 
aa should read patents,’ Chem. Eng. News, 19, 1400 
1941). 
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likely to contain patents concerned with the information 
sought. In the search room these subclasses are in the 
form of boxes called ‘‘shoes’” which are filled with all 
the U. S. patents that have ever been issued in that 
subclass since patents were given order numbers and 
classified. Along with these are also to be found official 
cross references from other classes and subclasses which 
the classification division has deemed pertinent. 
A complete search involves the use of a great deal of 
imagination, since all product classes must be con- 
sidered along with method and composition classes. 
It would be a very rare case indeed in whith a search 
would lead to but one subclass. 

The classification of the entire field of modern in- 
dustrial art is naturally very complicated. The meth- 
ods used in classifying U. S. patents are to be found in 
a booklet, ‘“The Classification of Patents,” published 
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by the Government Printing Office (1917). How- 
ever, this is not up to date; it needs revision. 

The Official Gazette is published every Tuesday by the 
Patent Office, and is the best means of keeping up-to- 
date in the patent world. In it are one claim or more 
and at least one figure from the patent drawings, if 
any, of every patent issued since the previous Tuesday. 
In an average week, at present, about 600 patents are 
issued. Of these, about 100 are interesting to the 
chemist. It does not take too long to scan these hun- 
dred or so, but the Official Gazette is not to be had in 
every library. Furthermore, it contains only claims, 
and these are often useful only to indicate whether 
the reader should investigate the original patent. 
Many trade journals publish frequent digests of patents 
issued in their specialized fields. Such a service has 
recently been offered by THIs JOURNAL. 


AN APPARATUS FOR THE STUDY OF THE GAS LAWS 
(Continued from page 218) 


each time. An extra léngth of glass tubing may be 
joined to the pipet by a small piece of rubber tubing to 
prevent loss of liquid in the flask through overflow while 
filling the pipet. 

The relative viscosity of gases may be determined by 


replacing the orifice tube with the aluminum foil by a 
piece of thermometer tubing and the 25-cc. pipet by a 


10-cc. pipet. The flask is filled with dry air, as pre- 
viously described, and the time for the liquid to pass 
between established marks is determined. The viscos- 
ity of other gases, such as COs, relative to air may be 
obtained by replacing the air in the flask by the CO, 
by the procedure described above. The relative 
viscosity compared to air is calculated from the for- 
mula 
time (air) 
time (CO2) 
The results obtained are accurate to 5 per cent. 
It can be shown that the time is dependent upon the 
length of the capillary, for if the capillary is cut in half 


= relative viscosity of air and CO, 


the time for the liquid to pass between the marks is 
halved. It can also be shown that to measure effusion 
a small orifice is needed in a very thin foil, for even 
upon cutting the capillary tube down to a length of 
1/,”, it can be determined that viscosity is being meas- 
ured and not effusion. Carbon dioxide can be used to 
illustrate this very nicely, since its molecular weight 
is greater than air, while its viscosity is less than that of 
air. The effect of temperature upon the viscosity of 
air can also be easily shown by simply changing the 
temperature of the water bath. In this way it can be 
demonstrated that the apparatus measures Poiseuille 
flow and not molecular flow, for the time of efflux de- 
creases with increasing temperature instead of increas- 
ing as it should when the mean free path of the mole- 
cules is large compared to the diameter of the capil- 
lary. 

The authors wish to thank Professor R. A. Baker 
for his suggestions and Mr. Harold Wilson for supply- 
ing the diagrams. 


HOW TO LICK INFLATION 


Don’t let’s go off the deep end again. Don’t let’s spend foolishly, forgetting that 
the wages we’re making now may not last forever, and bringing about inflation just 


as we did in the first World War. 
saving our money. 


Let’s hold down the cost of living this time! By 
By buying war bonds and building a nest egg. By buying only 


what we absolutely need. By obeying the price ceilings. Remember the terrible ’30’s! 

Are you going to let your soldier lad come home to a country where a cup of coffee 
costs a quarter and a hamburger costs a dollar? That would be what inflation means: 
simply, a great and disorderly rise in the cost of living. Don’t letit happen! Save your 
cash now. Buy war bonds. Refuse to bid up prices. Pay off old debts. 





Recent Chemical Patents 


WILLIAM S. HILL 
Member, Examining Corps, United States Patent Office 


Pipet. 


York City. 


There are some laboratory reagents for which the 
Furthermore, 
where a large amount of quantitative work is in progress, 
he may wear out both the end of a finger and his patience 


chemist never does acquire a taste. 


in endless pipetting operations. 





FIGURE 1 


The patent describes the operation and construction 
of the novel pipet illustrated in the figure. The rubber 
bulb, 12, fits snugly on the end of a pipet by means of 
nipple, 15. A narrow frame, 22, holds shaft, 26. This 
shaft is pressed by finger piece, 30, against the rubber 
bulb. The shaft is threaded to allow nut, 32, to be set 
at any desired position. 33 is a lock nut. Nut 32 may 
be set at any desired place on the shaft so that any 
definite quantity of liquid may be drawn up into the 
pipet when the plunger is first pressed, then released. 


Treatment of Plant Buds. No. 2,341,867. Albert E. 
Hitchcock and Percy W. Zimmerman, Yonkers, New 
York, assignors to Boyce Thompson Institute for 
Plant Research, Inc., Yonkers, New York. 

The 1943 fruit crop in the eastern U. S. was largely a 
failure due to early warm weather which started bud 
growth, followed by freezing temperatures that killed 


No. 2,339,870. Waddy T. Mathis, Hamden, 
Connecticut, assignor to Clay Adams Company, New 


most of the buds. Every year tremendous losses ar 
sustained by fruit growers because of early spells of 
warm weather but the condition is not usually as wide. 
spread as it was last spring. 

The present patent offers a method of retarding bud 
development in almost all types of plants. Some of the 
substances that retard bud development have the 
opposite effect on root growth, that is, they stimulate 
the growth of roots. 

Substances found especially effective were naphtha- 
lene substitution products of acetic acid. Naphthalene- 
acetic acid, naphthoxyacetic acid, and the alkali metal 
salts and the lower alcohol esters thereof are some more 
specific examples of substances used. 

The substances may be dissolved in alcohol, added to 
water, and applied to the buds of trees, plants, and the 


like, by spraying. 


The exact time of application was found to be very 
critical and the concentration also affected the success 
of treatment. In general, bud growth could be re- 
tarded two or three weeks by a single application and 
could be further delayed by subsequent applications. 


Method of Stimulating Plants. Re. 22,420. Robert 
N. Du Puis and C. W. Lenth, assignors to Associa- 
tion of American Soap and Glycerine Producers, 
Inc., New York City. 


It is often desirable to stimulate the growth of plants 
which have been transplanted. Large losses are often 
experienced in transporting tomato and other seedlings 
from southern growers to northern points. The patent 
describes a method of treating plant roots and tubers 
which greatly cuts down losses in transplanting and, in 
many cases, stimulates the growth of plants. 

Tomato plants may be packed in bundles and the 
roots wrapped in peat moss wet with a polyhydric 
alcohol solution. The concentration range may vary 
from 0.1 to 10 per cent, and the alcohols found effective 
include glycerol, sorbitol, diethylene glycol, and pro- 
pylene glycol. 

The roots of pepper, sweet potato, broccoli, and other 
vegetable plants, as well as fruit trees, roses, or almost 
any other plant subject to transplanting, may be 
benefited. Treatment may be applied to the roots 
directly instead of wetting the peat moss. 

Glycerin-treated tubers such as potatoes, if soaked in 
the solution just before planting, are found to give 
appreciably higher yields. 

Since concentrations as low as 0.1 per cent were 
found to be effective, the stimulation is not believed 
due to the water-absorbing properties of the liquids 
used. 
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fanufacture of Artificial Fibers from Protein Mate- 
rial. No. 2,340,909. David Traill, e¢ al., Scotland, 
assignors to Imperial Chemical Industries, Ltd., of 
Great Britain. 

It seems that useful fibers can be made out of almost 
nything. This patent describes the manufacture of 
ither coarse or fine artificial fibers from the vegetable 
lobulins separable from groundnuts or peanuts. These 
fibers are suitable for use in the manufacture of brushes. 
Protein derived from the nuts, as described in British 
patent No. 513,896, is ground to a paste in water. More 
water is added and an emulsion is formed with the aid of 
mmmonia. The dispersion is then heated for 2!/2 hours 
nt 70°C. in a closed container. This results in an in- 
ease of viscosity to a jelly-like consistency. After 
ooling, the composition is extruded into a coagulating 
bath of 30 per cent sulfuric acid. The fiber is drawn 
rom the coagulant without tension, treated with form- 
udehyde, and then stretched. The fibers next undergo 
ashing and drying after which they are soaked in a 
olution of thionyl chloride for four days at 35°C. 




















ethod of Treating Cereal Grains. No. 2,340,313. 
Theodore Earl, assignor to Continental Baking 
Company, Wilmington, Delaware. 

Vitamin- and mineral-conscious America has been 
eating polished grain from which practically all of the 
itamins and minerals have been removed. To make 

p for this, Americans have been buying carloads of 
well-advertised vitamin and mineral preparations. 
Why not eat the unpolished grain and save money and 
ire? This should now be possible with less discomfort. 

The patent describes a method of removing the outer 
woody bran coats of certain grains without harming the 
imer coats which contain the vitamins and minerals. 
Rice, oats, rye, and wheat may be so treated. 

Usual methods of preparing cereal grains result in 
temoving the entire bran coat, the germ of the berry, 
and a percentage of the endosperm. This is done in 
order to insure removal of the undesirable bran-coat 
material. 

The process described here begins with agitating the 
whole grains in a water bath to permit soaking, soften- 
ing, and wrinkling of the outer bran coat. This loosens 
the outer coat from the underlying laminations. The 
next and most important step is the circulation of the 
conditioned grains in contact with rubber-lined sur- 
faces. This causes moderate rubbing and progressive 
peeling of the laminations. By froth flotation, air, or 
liquid currents, the flaky material is floated to the top of 
the container and removed. The process may be con- 
tinued to any extent desired. In this way the germ is 
preserved along with the desired number of inner bran 
kminations. 
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Synthesis of Wound Hormones. No. 2,339,259. 
James English, Jr., et al., assignors to California In- 
stitute Research Foundation, Pasadena, California. 
There are certain hormones which are capable of 

‘voking cell division and cell enlargement in undam- 















aged cells of mature plant tissue. These hormones are 
normally secreted by the plant and are used to close 
wounds in the plant. They may also be extracted from 
one plant and applied to another for repair purposes. 

The patent describes the synthesis of one of these 
plant hormones, namely, 1-decene-1,10-dicarboxylic 
acid. In one example of the method, undecylenic acid 
methyl ester (b. p. 119-120°C., 10 mm.) is oxidized by 
ozone in acetic acid solution to the half aldehyde of 
methyl sebacate (b. p. 124-125°C., 4mm.). To 13 g. 
of this product are added 15 g. malonic acid and 15 g. 
dry pyridine. The mixture is heated for four hours 
under reflux. The clear solution which results is acidi- 
fied, poured into water, and extracted with ether. The 
pyridine is removed by extraction with dilute hydro- 
chloric acid, the ether is evaporated, and the crude 
product hydrolyzed with 3 N sodium hydroxide for two 
hours. Upon addition of acid, the 1-decene-1,10- 
carboxylic acid precipitates. 


Recovery of Molybdenum and Tungsten from Ores. 
No. 2,339,888. George S. Smith, Uravan, Colorado, 
assignor to United States Vanadium Corporation. 
Modern metallurgy has greatly increased the de- 

mand for alloy steels. Building of tanks and armor- 

plated ships has also skyrocketed requirements for these 
products. 

Molybdenum and tungsten, which are needed for the 
compounding of many alloy steels, often occur together 
in ores. Separation of the two metals is then necessary. 
This may be a real problem in ores such as the Scheelites 
because a substantial proportion of molybdenum is 
present as an isomorphic replacement of tungsten. 

The patent describes a commercially practicable 
method of treating the Scheelites to recover most of the 
molybdenum and tungsten. The finely ground ore is 
digested with sodium hydroxide. The amount of alkali 
used should be about 3 to 5 times the theoretical amount 
required by the equations: 


CawQ, + 2NaOH —> NazWQ, + Ca(OH): 
CaMoQ, + 2NaOH —> Na:MoQ, + Ca(OH): 


The digestion is continued for five hours at 130°C. 

The solution resulting from the digestion step is 
diluted with water and vacuum-filtered. The filtrate 
containing the molybdate and tungstate is then treated 
with sodium sulfide. This precipitates the molyb- 
denum according to the equation: 


3Na:S + 8HCl + NazMoO, —> MoS; + 8NaCl + 4H:20 


If 1.8 times the theoretical amount of sodium sulfide is 
used, about 99.9 per cent of the molybdenum precipi- 
tates as sulfide. The temperature is raised to at least 
70°C. and the pH adjusted to between 1 and 5 in order 
to suppress precipitation of tungsten. The higher the 
concentration of molybdenum in the solution the higher 
is the allowable pH. 

The molybdenum sulfide is removed by filtration and 
may be further treated to obtain a commercial prod- 
uct. The filtrate, which still contains the tungstate, 
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may be oxidized with sodium chlorate. The tungsten 
may either be recovered by crystallization or precipi- 
tated as calcium tungstate upon addition of calcium 
hydroxide. 


Electrolytic Production of Alloys. No. 2,341,244. 
W. W. Shropshire and A. L. Frohman, assignors to 
International Smelting and Refining Company, 
New York City. 


Lead containing small amounts of higher-melting 


metals has many commercial applications. The 
patent describes an electrolytic method of alloying 
metals such as copper and molten lead. The method is 
described with the aid of the accompanying figure, in 
which 8 is a heated iron pot containing molten lead, 3, 














FIGURE 2 


and J is a copper anode suspended about 1 inch above 
the level of the molten lead and surrounded by an 
electrolyte, fused lead chloride, which may contain 
some alkali metal or alkaline earth or other metal 
chlorides which both lower the melting point of the 
lead chloride and increase its electrical conductivity. 
The confining cylinder, 6, is of metal lined with re- 
fractory concrete. Cathode connections are at 4 and 35, 
the real cathode being the molten lead, 3. The lead is 
stirred from time to time by stirrer, 7. 

At the anode, copper ions are formed which react 
with chloride ions from the fused electrolyte to form 
cuprous chloride. The cuprous chloride dissociates 
immediately to form copper ions which migrate to the 
lead cathode, and chloride ions which migrate to the 
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copper anode. The chlorine is not lost as a gas but acts 
continuously to regenerate the electrolyte. The copper 
ions become uniformly dispersed throughout the lead, 

The process is claimed to be an improvement ove 
prior methods of melting the two metals together or the 
addition of salts to the molten lead. The present 
method is further stated to be applicable to many 
metals other than copper. 


Insoluble Polymers Derived from Styrene. No. 
2,341,175. Edgar C. Britton, et al., assignors to the 
Dow Chemical Company. 


This invention relates to new types of copolymers 
derived from styrene. Because of their characteristic 
appearance and feel these substances have become 
known as the ‘‘popcorn” polymers. 

In forming the new polymers, styrene is polymerized 
with minor proportions of substances which may be 
divided into three groups: 


1. Neutral unsaturated acid esters of unsaturated 
alcohols, e. g., allyl cinnamate. 
2. Neutral saturated polycarboxylic esters of ut- 
saturated alcohols, e. g., diallyl oxalate. 
3. Neutral esters of unsaturated acids with poly: 
hydric alcohols, e. g., ethylene dicrotonate. 


Sixteen examples of preparation are given in the 
patent, one of which follows: 

One hundred parts of stryene and 20 parts of ally! 
cinnamate were polymerized by heating at 70 to 80°C. 
for six days. The completely polymerized product was 
a fluffy, white mass having a small amount of a glasslike 
resin interspersed throughout. The two types of poly- 
mer were separated by being passed through a sieve. 
This may be done because the opaque white material is 
readily crushed to a fine powder. The powder was in- 
soluble and nonswelling in acetone, alcohol, benzene, 
toluene, dioxane, carbon tetrachloride, etc. 

These new polymers are stated to have excellent 
molding properties. When molded they become clear, 
transparent, and glasslike with higher strength and 
better resistance toward distortion by heat than molded 
polystyrene. 


POSTWAR JOBS IN ELECTRONICS 


Students, teachers, librarians, counselors, parents, war workers, returning soldiers, 
and others interested in postwar jobs will find helpful information in a six-page folder 
on “‘Occupations in Electronics’? by Forrest H. Kirkpatrick of Bethany College, and 
John E. Crawford of the Radio Corporation of America, published by Occupational 
Index, Inc., at New York University, New York 3, N. Y. Single copies are 25 cents, cash 


with order. 


This is one of a new series of leaflets describing opportunities in fields which are 
expected to expand when the war ends. Each covers the nature of the work, abilities 
and training required, earnings, methods of entrance and advancement, geographical 
distribution of employment, postwar prospects, and other advantages and disadvantages. 
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Here and There in the Trade Literature 


N THE February Shell News followers of aviation 

will find an interesting series of pictures, entitled 
‘Flight log,” in which the contributions of fuel research 
0 the development of the airplane are graphically 
lustrated. 


Absorbency, or ‘“Thirstiness of paper,’’ is a subject 
terestingly discussed in one article in the January 
fonsanto Magazine. Another article tells how chem- 
stry and chemicals helped to raise the ‘‘Normandie,”’ 
apsized in New York Harbor. In the March number 
pf the same periodical is an address by Dr. Gaston 
DuBois, ““The chemist steps out of the laboratory,” 
which emphasizes the wider possibilities of applying 
hemical training. Others will be interested in a pic- 
ure described as ‘“‘the most intimate view of cotton 
you ever saw,” purporting to show actual individual 
olecules. 


The various uses of carbon dioxide as a fire extinguisher 
ave been explained many times, but a nicely illus- 
ated account is to be found in the February Esso 
Dilways (Penola, Inc., 26 Broadway, New York). 


In an article on ‘‘Sulfonamide therapy” in Thera- 
peutic Notes for February (Parke, Davis and Com- 
pany, Detroit) is a useful diagrammatic summary of 
linically useful information on sulfonamides. 


We always manage to get enthusiastic about The 
amp (Standard Oil Company of New Jersey, 30 Rocke- 
‘Beller Plaza, New York). No exception is the February 
number, in which synthetic toluene is discussed in 
‘The story behind TNT” There is also another 
interesting article on ‘Science helps the wildcatter,”’ 
a full-page graphic outline of the many products ob- 
tainable from petroleum, and a number of excellent 
pictures, some in color. 


While not strictly a periodical, a recent bulletin of 
the Aluminum Company of America (Pittsburgh, 
Pennsylvania), entitled “Aluminum imagineering note- 
book” is a remarkably well-illustrated account of 12 
economic advantages in the use of aluminum. 


The Copper Alloy Bulletin (Bridgeport Brass Com- 
pany, Bridgeport, Connecticut) has been running a 
series of short articles on corrosion and its causes and 

The March number discusses corrosion in- 


From the January Merck Report, which always con- 
tains something of chemical interest, we quote the 
following, which appeared under the title: ‘‘Chinese 
first to make Soap”’: 


The Chinese were the first people to make and use soap as a 
cleansing agent, and its use dates back to about 1200 B.c. The 
seeds of the Sesame plant (Sesamum indicum), which yield an oil 
similar to olive oil, were utilized by the early Orientals in its 
manufacture. It is chronicled that the cultivation of Sesame is 
very ancient in the Sunda Islands, a chain in the Malay Archi- 
pelago, where ic has been grown for more than 4000 years, and 
from whence it found its way into China. Today, the oil from 
the Sesame seed is used both as a food and a cosmetic. 

Late in the 12th century, the soap industry was introduced 
into Europe by way of Italy and Germany, and, by the middle 
of the 13th century, France undertook the manufacture of olive 
oil soap at Marseilles. In the following century, the industry 
flourished in England, and during the reign of King Charles I 
(1600-49) a monopoly for the manufacture of soap was granted 
to a London company. This particular soap as set forth in the 
patent was ‘“‘made by boiling goats’ tallow and causticised beech 
ashes; the resulting soft potash soap then was converted into 
hard soda soap by treating the paste repeatedly with salt.’”’ 


The March number of Silicate P’s & Q’s (Phila- 
delphia Quartz Company, 121 S. Third St., Phila- 
delphia 6, Pennsylvania) philosophizes briefly on the 
difference between science and technology. We quote 


‘the following: 


Isaac Newton represents the introduction of a pattern of 
thought and inquiry, the implications of which have not yet 
been fully worked up into final utilitarian forms. The center of 
Africa or the interior of China is still inadequately equipped 
with oil refineries, power services, fertilizer plants, transportation 
devices, and a thousand and one things on which our civilized 
comfort depends. From the point of view of these districts 
Newton’s efforts may well be regarded as quite useless. 

Science, which is the fundamental inquiry into the nature of 
things, is useless until the technologist comes along and does 
something with the findings. It is equally true, however, that 
the technologist is helpless without the fundamental contribu- 
tions of scientists. Thus in any well-planned scheme of research 
an attempt is made to balance between the search for underlying 
data and its fundamental correlation on the one hand, and the 
technical application on the other. 


The Industrial Bulletin of Arthur D. Little, Inc. 
(Cambridge, Massachusetts), is one of the most 
valuable of our exchanges. In the March number, in 
addition to some items we are quoting elsewhere, is a 
brief section on ‘‘Octane future,’’ discussing the postwar 
uses of high-octane gasoline. 


An important source of the rare and valuable vanadium used in hardening certain steels 

is from the flue dust of the boilers and fire boxes of American merchant marine ships. 

It is found only in the dust of oil-burning engines, never from the coal burners, and in 
greater amounts from vessels that burn California or Venezuelan oil. 
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An Electrical Review Chart 
for Students Beginning Organic Chemistr 


G. RICHARD BURNS 
Hunter College, New York City 























FIGURE 1.—THE FACE OF THE CHART 


The example being prepared is illuminated by the yellow thimble over a bulb in the upper right corner. 
intermediate lights are in the upper left corner of the space assigned to the structural formula. 
The control buttons are grouped on the right. 


inch-high dividing strips below the compounds. 


The 
The buttons are on the 
The names of the 11 


classes of compounds are at the upper right, the equation for the mark at the lower right. 


HREE of the difficulties which trouble students in 

the first term of organic chemistry are: (1) stu- 
dents are not accustomed to the study of subjects in 
which constant review is necessary; (2) they do not 
differentiate between general reactions which are im- 
portant and those that are, in a sense, special reactions; 
and (3) they do not arrange the review material in a 
logical manner so that interrelationships are readily 
apparent. To help the student over these difficulties, 
to relieve, to some extent, the tedium of constant re- 
view, and to give some idea of the amount of progress 
being made, the machine described in this article was 
constructed. 

The machine is essentially an electrically operated 
chart (Figure 1) of the common one, two, and three 
carbon compounds. The chart is so wired that the 
student may select any one of 11 classes of compounds 


(Figure 1 and Table 1) and by pressing appropriate 
buttons, illuminate the intermediates from which 4 
typical example of the selected class may be prepared. 
The machine gives the student a grade on the answef 
and then corrects the answer if that is necessary. The 
various preparations are added to the chart as they are 
taken up in the lectures. 

Since some of the preparations of a class of compounds 
are usually taken up as reactions of other classes either 
before or after the class in question is studied, the 
student, by going over the preparations on the chart, 
is able to ascertain the state of his knowledge of the 
fundamentals of the subject better than by reference t0 
his notebook which often has serious omissions. Fot 
example, in many courses at the time primary alcohols 
are studied, the only preparation given for a member of 
this class is that from the corresponding alkyl] halide of 
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At various later times the preparations 


Classes 


ydrocarbons (Sat.) 
Hydrocarbons (Unsat.) 


Alkyl halides (N) 
Alcohols (N) 


TABLE 1 


Examples 
Ethane 
Propylene 


Ethyl halide 
Ethyl alcohol 
Ethyl amine 


Acetaldehyde 
Acetic acid 
Methyl cyanide 
Isopropyl! halide 
Isopropy] alcohol 
Acetone 


No. of 
Prepa- 
rations 


NwWNN A & A  ) orc 


No. of 
Reac- 
Intermediates tions 


Methyl halide 3 
Methyl halide 
(Spec.) 
Methyl alcohol 
Ethylene 
Ethylene 
(Spec.) 
Ethyl halide 
Ethy] alcohol 
Ethyl amine 
Acetaldehyde 
Acetic acid 
Acetic acid 
(Spec.) 
Methyl 
cyanide 
Propane 
(Spec.) 
Propylene 
n-Propyl] 
halide 
n-Propyl 
alcohol 
Propionic acid 
Isopropyl 
halide 
Isopropy] 
alcohol 
Acetone 
Methyl halide } 
Acetaldehyde ~ 
for Grignard 


from the corresponding aldehyde, amine, acid, or the 
next lower Grignard reagent are taken up as reactions 


_ The bank of intermediate relays is mounted vertically near the center. 
is on the right and the 6-volt section at the upper left. 
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of each of these compounds. The student often neglects 
to place these reactions in his notebook as prepara- 
tions of primary alcohols. The chart assembles this 
information and presents it graphically. 

To use the chart the student first throws a time 
switch (Figure 1, No. 3), which turns on the current 
for the five minutes allowed for the test. He then 


chooses the class of compounds he wishes to prepare 
by pushing the selector button (Figure 1, No. 4). 
This illuminates the name of the class in the upper 
right-hand corner of the chart, lights a yellow bulb 
over a typical example of that class in the body of 
the chart, and, in the denominator of the equation 


) which the student 


( No. Right — No. Wrong 
Mark = ; 

No. of Preparations 
solves to obtain his grade, gives the number of prepara- 
tions that are plugged in for that example. The stu- 
dent then pushes buttons under the compounds on the 
chart from which the example may be prepared in one 
step. If the intermediate is correct, a bulb over it is 
lighted and a score of one is added by the machine 
under the number right. If the intermediate is incor- 
rect, the machine adds one to the number wrong. When 
the student has finished, provided five minutes have 
not elapsed and the machine has not turned itself off, 
he determines his grade from the equation and then 
revolves the correct answer key (No. 7) which lights 











FIGURE 2.—REAR VIEW OF CHART, SHOWING WIRING 


The projection counter is at the extreme lower left. 


The 24-volt section of the selector switch 
Above 


it is the correction switch and on the right, the number-right counter. 
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the bulbs over any compounds that have been missed. 
Lever No. 2 clears the board for the next question. 
For the purpose of using the machine only, a one-step 
reaction is defined as a reaction or series of reactions 
which converts a compound on the chart into another 
without, in the process, converting it into any other 
compound also shown on the chart. Thus by this 
definition, the conversion of propionic acid into acetic 
acid is a one-step reaction. As intermediates, the alkyl 
halides are considered to include the Grignard reagents 
and the acid sulfates, the acids are considered to include 
their salts and the amides. 
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mediate in the class is used, and over the other inter. 
mediate. Thus, pressing the button to indicate that 
ethyl halide is made from ethylene calls attention ty 
the fact that n-propyl halide is not made from 
propylene. 

The machine is placed in a hallway where the stu. 
dents may have access to it at any time and is know 
as ‘‘Professor Taylor.” It is rather difficult to evaluate 
its service to the students just as it is that of a teacher, 
It was used about three thousand times in one term 
by a class of 70 students. As nearly as could be ob- 
served the better students were the ones who used it, 

One possible disadvantage 





appeared when the clas 
went on into the aromatic 
series; some studentsdid not 
seem to be able to handle 
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series very successfully. 
This may possibly be due to 
the fact that, in previous 
classes without the chart, 
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the course at this later date. 
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The most notable effect of 
this piece of apparatus was 
that it removed the neces. 
sity for much tedious and 
repetitious tutoring ¢" the 
part of the instructor, a 
type of work which, in 
the laboratory, would be 
mechanized as a matter of 
course. The chart seemed 
to be well worth the effort 
involved in its construction 
on this count alone. 


TO WTERMEDIATE SOCKET 


CLASS LIGHT 
Oj PRODUCT LIGHT 
WO PREPS. LIGHT 


NO OF PREPARATIONS SOCKETS 


WIRING 





The material used in the 





FIGURE 3.—SCHEMATIC WIRING DIAGRAM 
The wiring for the controls and for resetting is omitted. 


As my course is given, there are 33 preparations that 
are general and in which any compound in the class of 
the intermediate gives the corresponding product on 
the chart. For example, ethyl halide is one intermediate 
for ethyl alcohol and any other halide is the inter- 
mediate for the alcohol which is next to it on the chart. 
There are included, however, four preparations that are 
special in the sense that other compounds in the class 
of the intermediate do not give the corresponding 
product on the chart. These special preparations are: 
ethane from methyl halide, ethane from acetic acid, 
propylene from propane, and ethyl halide from ethyl- 
ene. If the button for one of these special reactions is 
pushed, a colored numeral is illuminated over the com- 
pound, also over a footnote which explains that the 
reaction gives a different product if another inter- 


construction of the chart 
was obtained from pinball 
machines furnished through 
the kindness of the police department. This source of 
material has the advantage that no priority is required, 
but the material itself does not have the virtue of being 
uniform as to the parts obtainable. For this reason the 
following wiring diagram may have to be modified in 
some respects. Limitations of material have also in- 
fluenced the design. For instance, the wire available is 
in rather short lengths for so large a panel and, for this 
reason, the selector switch had to be divided into two 
parts and operated electrically. Selection of questions 
would be more quickly made with a single manually 
operated selector switch. 

The selector switch (Figure 3) has 11 positions; im 
each position it puts 24 volts on each of six wires and 6 
volts on one wire. The wires with 24 volts may be 
plugged in on one side of any of the intermediate lock 
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elays. The 6-volt contact illuminates the name of the 
ass, the example of that class being prepared, and the 
mumber of preparations for the example. The 23 lock 
relays for the intermediates, connected on one side to 
as many as three positions on the selector switch, are 
connected on the other to the grounding button under 
the intermediates on the face of the chart. While there 
are only 17 of these intermediates (Table 1), three of 
the four special reactions (there is no regular reaction 
for propane) call for a second relay connected to the 
intermediate button. Three more relays are necessary 
for the Grignard reaction, the wiring of which will be 
taken up separately. The lock relays, when activated 
by pressing the button under the intermediate, turn 
off the current on the coil, turn on a light over the inter- 
mediate, and activate a relay which in turn activates a 
delayed action solenoid in the scoring device. 

The scoring device consists of a number-right counter 
and a number-wrong counter, the latter advancing one 
when any button, correct or incorrect, on the chart is 
pressed. Pressing the button under a correct inter- 
mediate throws the lock relay and switches the ground 
connection to a high resistance relay. At the same 
time the other contact on the button advances the 
number-wrong counter by one. The high resistance 
telay, the purpose of which is to cut down current and 
hence fouling of the numerous lock relay contacts, 
raises a solenoid. When the button is-released the 
solenoid, in dropping, makes a contact which advances 
the number-right counter by one and subtracts one 
from the number-wrong counter. A defect in this 
system is that if a correct button is pushed a second 
time it scores a second time. 

The correction switch grounds the lock relays one at 
a time and throws any that have been missed. When 
wired as shown in the diagram, it will also change the 
number right and the number wrong in the score if 
5 either of two lock relays, hooked to the same button, 
are connected to the selector switch. The number- 
wrong counter is a projection type and runs up to 27. 
The number-right counter goes up to six and records 
by illuminating numerals. 

The wiring of the Grignard reaction, isopropyl alco- 
hol from methyl halide and acetaldehyde, is shown in 
Figure 4. The number-wrong contacts from these 
buttons are not connected directly to the number- 
Wrong counter as in the other cases. Pressing either 
button simply scores one wrong unless the selector 
switch is on isopropyl alcohol, in which case both but- 
tons are disconnected from the number-wrong counter 
as soon as the one wrong is scored. The other contact 
on each button is so wired that on pressing either one of 
the buttons the corresponding intermediate bulb is 
lighted and the connections of the other button so 
changed that, on pressing, its bulb lights and the de- 
layed action solenoid is activated—adding one to the 
correct score and removing the one scored under the 
number wrong. An alternative to this use of four re- 
lays for one reaction is to change the ‘Number of 
pPreparations’”’ on the chart to ‘‘Number of inter- 
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mediates,’’ so that the regular aldehyde and methyl 
halide relays may be used. The disadvantage of this is 
that the student receives half credit for half an answer 
and feels that the machine has a kindlier nature than 
the instructor. 

The panel of the instrument is six by four feet. The 
spaces for the structural formulas are 6'/2” wide and, 
in descending order, 7*/s, 10/4, 12!/4, and 121/,” high. 
The letters are 13/s X 17/s”.. There are 27 compounds 








CLOSED ACETALDEHYDE BUTTON 
POSITIONS 
OF LOCK 
RELAYS 





METHYL HALIDE BUTTON 


— CH,X LIGHT 
er. \ 


1 | - TO INTERMEDIATE 
L > ball SOCKETS 


S— TOALD. LIGHT 





aac 


| 1 
peaked 











 Saidetaet 
| a oe | ) 


CLOSED BY PLUS! 
SOLENOID OF NO. WRONG 


an’. 





TO PLUS | OF NO. WRONG 





TOPLUS | OF NO. RIGHT ETC. 











FIGURE 4.—SPECIAL WIRING FOR THE GRIG- 
NARD REACTION 


on the chart. From 10 of these nothing can be pre- 
pared so that the buttons under them are connected to 
the number-wrong counter only. The transformer and 
the coils are protected by a thermostatic over-load cut- 
out which is apparently not necessary as it has never 
been found thrown. ; 
To operate the chart, there are the following controls: 


1. Anti-buzz. The instructions read that this is to 
be pushed when the machine emits a loud buzz - 
when no keys are being pressed. Such a con- 
dition would result from a contact being 
stuck and operating a relay or solenoid con- 
tinuously. The button can be reset only by 
a key. Because of its number this button 
tends to prevent students who have not read 
the directions from operating the machine. 

Lever to start time switch and turn on current. 

Lever to reset lock relays and counters. 

Selector button. Advances question selector 
one position for one impulse. There is an 
automatic return if the button is pushed after 
question 11. 

Selector return button. 
start when pressed. 

(Continued on page 242) 
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A Study of the Achievement 


in General Chemistry 


in the A. S. T. Program 


DAVID J. BLICK and RAYMOND R. ANDREWS 


University of Connecticut, Storrs, Connecticut 


INTRODUCTION 


OON after the Army Specialized Training Pro- 
gram? got under way, the question was raised re- 
garding the achievement to be expected of its trainees. 
Should one expect a trainee subjected to military disci- 
pline to do as well as a civilian student of equal native 
ability? Can these trainees with such varied back- 
grounds profitably undertake specialized curricula in 
which some may have little or no interest? Then as 
the marking periods drew near many instructors were 
forced to consider the question of ‘‘standards.”” Should 
they use the same standards for the A.S.T.P. trainee as 
they had previously used for the civilian student? 
That these same questions were being raised in other 
institutions is indicated by the comments appearing in 
several educational magazines. 


“Those of us who have been having anything to do with the 
Army or Navy specialized training courses (and that includes a 
great many of us) have seen the old specter, ‘standards,’ rising 
again. While occasional instances have been reported of the 
reservists’ doing relatively better work than their civilian class- 
mates (measured by the old yardsticks), the general experience 
is that for one reason or another the uniformed groups are lag- 
ging behind. A typical example was that of an instructor in one 
of the engineering schools, who found more than half his class of 
Navy reservists failing on one examination, on what he consid- 
ered the usual standard of grading” (1). 


Another problem in which considerable interest was 
manifest was the degree to which class scores as de- 
termined by our tests are valid measures of achieve- 
ment. In other words, does a satisfactory correlation 
exist between cumulative class scores as determined by 
our tests and scores made by the same trainees on other 
valid achievement examinations? This is a vital 
problem as cumulative class scores are usually used, at 
least in a large measure, in assigning class marks. 

It was with these and similar thoughts in mind that 
the study reported here was undertaken. 


1 The writers wish to thank Dr. J. Raymond Gerberich, Direc- 
tor of the Bureau of Educational Research and Service at the 
University of Connecticut, for his many helpful suggestions. 

2 The Basic Engineering Curriculum in the Army Specialized 
Training Program at the University of Connecticut includes two 
12-week courses in general chemistry. These courses are des- 
ignated as Chemistry AST-205 and Chemistry AST-206. Chem- 
istry AST-205 has three hours of lecture per week and no labora- 
tory; Chemistry AST-206, a continuation of Chemistry AST-205, 
has two hours of lecture and four hours of laboratory per week. 
The course-content is essentially that of any intensive first- 
year college chemistry course. At this university first-year col- 
lege chemistry is a two-semester course (16 weeks per semester) 
with two hours of lecture and four hours of laboratory per week. 


PROBLEM 
This study consisted of two parts: 


1. The determination of the mastery of general 
chemistry by trainees completing Chemistry 
206 in the Basic Engineering Curriculum at 
the University of Connecticut, January 1, 
1944, in comparison with that of college stu- 
dents completing first-year college chemistry 
in the United States. 

2. The determination of the simple linear correla- 

tion between: 

a. Scores made by trainees in Chemistry 206 
at the University of Connecticut and 
scores made by these trainees on the 
Army National Achievement Chemistry 
206 test. 

b. Scores made by trainees in Chemistry 206 
at the University of Connecticut and 
scores made by these trainees on the Co- 
operative General Chemistry Test for 
College Students, Form 1942. 

c. Scores made by trainees at the University 
of Connecticut on the Army National 
Achievement Chemistry 206 Test and 
scores made by these trainees on the 
Cooperative General Chemistry Test 
for College Students, Form 1942. 


PROCEDURE 


In order to determine the mastery of general Chemis- 
try, it was decided to use the Cooperative General 
Chemistry Test for College Students, Form 1942 
This test is one of the best instruments available for 
determining the mastery of first-year college chemistry. 
It is the product of extensive research and refinement, 
having been administered to more than 21,000 students 
in more than 261 colleges (2). Inasmuch as percentile 
tables based on returns from 131 colleges (7887 cases) 
in the United States are available, a measure of the 
mastery of general chemistry for any group is easily ob- 
tained (3). This examination consists of four parts: 
General Knowledge and Information; Application of 
Principles; Scientific Method; and Laboratory Tech- 
nique. The examination makes use of the multiple- 
response, matching, multiple-choice, single best answer, 


3 The Cooperative Test Service, 15 Amsterdam Avenue, New 
York City. 
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nnd the true, probable true, etc., types of test items. 
The total possible score is 228 points. 

The data used in the second part of this study con- 
sisted of three scores for each trainee enrolled in 
hemistry 206 at the University of Connecticut from 
October 11, 1943, to January 1, 1944. The data in- 


cluded : 


Class scores. 

Cooperative General Chemistry Test scores 
(Form 1492). 

Army National Achievement Chemistry 206 
Test scores. 


The class scores made by the trainees completing 
hemistry 206 at the University of Connecticut were 
letermined by cumulating scores from five examinations 
viven throughout the 12-week term. These examina- 
ions were of the multiple-response type prepared by 
nstructors teaching Chemistry 206. Each instructor 
ontributed to and approved each examination. The 
ive examinations were of approximately equal weight, 
ving a total possible score of 751 points. Sample 
tems of those used on the tests are shown below: 

1. The halogen elements 

(1) become lighter in color as their atomic weights de- 
crease 
(2) form solid compounds with hydrogen 
(3) include the only metallic element that is a liquid at 
ordinary temperatures 
(4) include the most active nonmetal 
(5) never show positive valence 

2. When the following equation is completed and correctly 

balanced, the sum of the coefficients is 


(1) seven 
(2) fourteen NaBr + MnO, + H2SOQ, —> 
Br3 + Na:SOQ, + 


(3) twelve 
(4) eleven 
(5) ten 

The Cooperative General Chemistry Test scores were 
hose made by the trainees at the end of the 12-week 
period. 

The Army National Achievement Chemistry 206 
lest scores were those released by the Division of 
lilitary Science and Tactics at the University of Con- 
ecticut. This examination, given December 23, 1943, 
was of the multiple-choice type with a total possible 
score of 55 points. Sample items similar to those used 
bn the test are shown below: 


|. The hydrogen halides are: 
(A) colorless gases 
(B) ionic compounds 
(C) formed by endothermic reaction 
(D) none of the above 
2. Which of the following elements exist as liquids at stand- 
ard conditions? 
(A) nitrogen 
(B) iodine 
(C) bromine 
(D) none of the above 


The frequency distributions for each set of scores were 
onstructed, and the distributions of scores are graphi- 
ally represented in the following histograms. 
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FREQUENCY DISTRIBUTION OF A.S.T.P. TRAINEES AT THE 
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FOR COOPERATIVE GENERAL CHEMISTRY TEST, Form 1942 


A comparison of the results obtained is shown in 
Table 1. 


TABLE 1 


Scores on 
Scores on Co- Army National 
operative Gen- Achievement 
eral Chemistry Chemistry 206 
Test Form 1942 Test 


Class Scores 


in 
Chemistry 206 


Maximum possible score 751 228 
High score 540* 194 
Low score 102 5 
Range 438 189 


Median 331 87 
Mean 337.8 89.1 
Standard deviation 90.4 30.8 


* Results in this column were based on calculations excluding one high 
score of 725. 
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FREQUENCY DISTRIBUTION OF ScorES Mape sy A.S.T.P. 
TRAINEES ON THE ARMY NATIONAL ACHIEVEMENT CHEMISTRY 
206 Test AT THE UNIVERSITY OF CONNECTICUT 


Three scatter diagrams were then prepared by plot- 
ting: 
(1) cumulative class scores vs. cooperative test scores 


(2) army test scores vs. cooperative test scores 
(3) army test scores vs. cumulative class scores 


The scatter diagrams indicated that a positive corre- 
lation exists between the scores. The simple linear cor- 
relation was calculated and the results with the re- 
spective probable errors are shown in Table 2. 


TABLE 2 
COEFFICIENTS OF CORRELATION* 


r = 0.54 + 0.03 
r= 0,59 + 0.03 
r= 0.46 +0.04 


Class scores vs. cooperative test scores 
Army test scores vs. cooperative test scores 
Army test scores vs. class scores 


* Calculated by Pearson product moment method (N = 214). 


There is no statistically significant difference between 
any two of these coefficients as determined by the 
critical ratio. 


INTERPRETATIONS OF FINDINGS 


The median (87) and mean (89.1) on the Cooperative 
General Chemistry Test for the 206 group indicate a 
satisfactory degree of mastery of general chemistry in- 
asmuch as the national norms give the median and mean 
for all college students who took this test as 83 and 86.8, 
respectively (4). However, the median (87) for this 
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group of trainees falls below the median (99) on the 
national chemistry norms for students whose choice of 
vocational goal was engineering. Furthermore, the 
mean on the national chemistry norms for those stu- 
dents enrolled in engineering colleges or departments 
was 111.3. It is interesting to note that on the national 
percentile scale furnished with the test, 35 of the 
trainees ranked above the 80th percentile, whereas only 
23 of the trainees ranked below the 20th percentile. [i 
must be kept in mind that these norms were based on a full 
year’s work (two semesters or three quarters) in general 
chemistry whereas these trainees have completed only 2 
weeks of work. 

The concept of vocational goals must also be taken 
into consideration, as it has been found that great 
differences in scores are shown by the various voca- 
tional groups. It must be remembered that engineer- 
ing is not necessarily the vocational choice of many of 
these trainees. In fact, many of them do not possess 
the necessary subject-matter background to meet the 
admission requirements of most engineering schools or 
departments (5, 6). 

“Both the Army and Navy have admitted errors in the selec- 
tion of men for their programs, in the early stages of their opera- 
tion. And there may be a fundamental error in the assumption 


that a qualifying grade on the first ‘screening test’ assures an 
intelligence level equal to that of the average college student” 


(7). 


Another factor that may have considerable bearing on 
the mastery of subject-matter by the trainees in such an 
intensive program is that of ‘“‘study skills.” Robinson 
in a recent survey of the study habits of an A.S.T.P. 
Unit reports the following: (8) 


“The average A.S.T.P. soldier has had 18 poor study habits 
as compared to 16 for the average freshman in college.” 

“On a standardized social studies assignment, the average 
work rate (reading and taking notes) was 83 words per minute, 
and at the lower end of the distribution 20 per cent had work 
rates below 50 words per minute.” 

“ .. soldiers’ notes were, on the average, no better than those 
of the average college student.” 


Perhaps a brief orientation course such as that given for 
entering college freshmen would be of great value for 
many trainees. 

The coefficients of correlation found are comparable 
to those reported in the literature as accepted evidence 
of validity for other achievement examinations. Mat: 
phail and Foster (9) found a coefficient of correlation 
of 0.56 (N = 179) between first-semester grades i 
general college chemistry and scores on the Iowa 
Chemistry Training Test, Series CT-1, Revised B. 
Two unpublished studies (10) of the relationship be 
tween class scores and final examination scores fot 
civilian chemistry classes found coefficients of correla 
tion of 0.66 + 0.08 and 0.70 + 0.04. Kilgore (lJ 
found a coefficient of correlation of 0.45 = 0.06 be 
tween the scores on the Cooperative Physics Test 
Form 1934, and the scores on his ‘Principles Test. 
He also found a coefficient of correlation of 0.66 * 

(Continued on page 242) 
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~« « « HIGH-SCHOOL CHEMISTRY -- - - 
“Nothing but Laboratory Work” 


J. LEWIS REED 
Alpena, Michigan 


66 AM SORRY. We have nothing but laboratory 

work today,” was the cold, uninviting remark with 
which the teacher greeted me after a student guide 
rapped on the door of the room to the chemistry de- 
partment in one of the larger public high schools in 
Michigan. 

My reply: “Good! that is just exactly what I wished 
to see,” was greeted by an expression of surprise. As 
I had called at the office of the principal and received a 
cordial welcome and a guide, I hastened to explain that 
I was a teacher in the high school at Alpena, Michigan, 
and that our school allowed one day each year for visit- 
ing other teachers in action as one means of profes- 
sional growth, and that I would be delighted to visit 
his class on a laboratory day. By this time his first 
expression of surprise had changed to one of charitable 
disdain for a teacher who would travel all the way from 
the northern part of the Lower Peninsula to his city, 
just to visit a laboratory section. His whole attitude 
and manner denoted a feeling that there is nothing to 
laboratory methods for professional study and im- 
provement, but his.lips slowly said: ‘‘Well, if that is the 
case, come on in.” 

He soon recovered from the surprise, regained his 
poise, and made a real effort to extend professional 
courtesy. A seat was provided where I could observe 
almost every part of the room. The pupils came in, 
put on their aprons, and went directly to individual 
desks. Each one opened his own desk, took out what- 
ever he wished, and placed it as he pleased. Everyone 
opened a guide book and assumed the appearance of 
starting some experiment. Each appeared to make his 
own decision relative to the selection of his experiment, 
the appropriate apparatus, and the reagents for the 
day’s work. Each one read or ignored the directions in 
the manual and worked or loafed as he might be able or 
inclined. In an adjoining room separated by a glass 
partition were a few of the more advanced pupils doing 
special work. The teacher moved about the two rooms, 
or looked over papers at his desk, or visited with us as 
‘Bie wished. He explained how the few advanced stu- 
dents in the adjoining room prepared solutions for the 
‘Bthers and even took entire charge of the laboratory if 
he happened to be absent. He explained how the pupils 


Preparation of the reagents, the solutions, and other de- 
tails of the organization of the laboratory. 
It appeared very easy and simple. He had secured a 


master’s knowledge of chemistry by studying in a 
prominent university and was holding one of the best 
classroom positions in any public high school in our 
state. He had a small group doing some advanced 
work in chemistry. I did notice in the main laboratory 
one boy enthusiastically performing his experiment. 
This boy was probably typical of a good group in the 
class. On the opposite side of the table from this en- 
thusiastic beginner was another boy of a different type, 
probably typical ef a large portion of the class. This 
boy opened his book to the experiment on flame tests. 
Whenever the teacher looked his way, he tried to assume 
an attitude of working diligently at his place. When 
the teacher’s back was turned, he was really active 
trying to learn the correct results from his neighbors. 
He did not appear to know how to manipulate the 
platinum wire in such a way as to secure the thrill of 
seeing a green flame from incandescent barium or a red 
from strontium. As I watched this boy stall for time 
and a safe opportunity to copy results and noticed 
others like him, the words of the instructor rang in my 
ears: ‘Nothing but laboratory work.” 

In an alleged superior high school the attitude of this 
instructor toward laboratory work and his leaving the 
care of the laboratory for several hours on special days 
to advanced pupils, gave me a distinct shock. 

As the risk involved in a teacher’s being absent from 
a laboratory is a matter for consideration by various 
safety officials and is not a matter of method, it will be 
given little consideration in this article. To me, the 
major question is: Where and when have pupils on the 
level of the high school secured sufficient vocabulary to 
be left to read and interpret the printed directions? 
I went back to my own class determined to continue 
the study of laboratory methods both in my own classes 
and by more visitation in the ensuing years. 

At the first opportunity I tried an experiment on 63 
pupils in my own classes. They were told to turn toa 
laboratory experiment just sufficiently ahead of the 
regular assignment to be reasonably certain that no one 
had looked it over in advance. It happened to be 
“Concentration of a solution by titration.’’ Each one 
was instructed to read the directions and prepare a list 
of the words or expressions which he did not under- 
stand. The numbers after the following words indicate 
the number of times each was listed by some one of the 
63: buret, 45; Erlenmeyer flask, 22; phenolphthalein, 
14; concentration, 12; titration, 11; indicator, 9; 
fifth-normal, 9; miscellaneous expressions, 11. 
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In looking over the lists of words and expressions I 
noticed that the expression “curved surface of the 
liquid’ was mentioned by only two, and that no one 
had listed more than two or three difficult words or ex- 
pressions. Every one had listed at least one word or 
expression. On the following day, several were asked to 
explain the expression ‘‘curved surface of the liquid” 
for the two who had given it as difficult. The attempts 
were disappointing. I tried another example. Only 
nine had listed ‘‘indicator.’’ Did the remaining 54 
understand it? They were given a chance to explain it. 
The majority would not try. Those who did, made a 
miserable failure of the attempt. But why was it listed 
by so few? Slowly the bold truth dawned on me. 
They were too proud to list all the puzzling words and 
expressions and believed that the teacher would be 
satisfied if each one gave afew. The great majority did 
not understand the directions. Our juniors and seniors 
could not read and successfully interpret the printed 
page for that experiment as given in the manual. I 
have since tried to find some place below the eleventh 
grade in the course of study for Alpena, in the course of 
study for several standard school systems, and in the 
courses as suggested by prominent leaders in our state, 
where a student could learn to understand the pages of 
a laboratory manual without specific help from the in- 
structor. The search was unsuccessful. 

The problem cannot be pushed aside by blaming the 
manual. Such other manuals as I have been able to 
examine have about the same level in difficult vocabu- 
lary. The publishers of our manual claim that it is 
used in a large per cent of the high schools of the United 
States. The one we use is probably as good as any on 
the market. There was nothing for me to do but con- 
tinue striving to assist our pupils in learning to read, 
to interpret, and to follow intelligently the directions on 
the printed page of our laboratory manual. 

In February, 1944, Supt. Russell H. Wilson of the 
Alpena Public Schools, in a faculty meeting stated very 
definitely that each teacher of a content subject must 
teach the technical vocabulary of his own subject. 
Every teacher should instruct the pupils in each class to 
read in the various subjects and to spell the words in the 
vocabulary appropriate to such a subject. I wonder 
what he would say if some science teacher in Alpena 
would assume that the pupils could read, interpret, and 
follow the directions in a laboratory guide without 
special explanation, as this teacher in a bigger city did 
assume. 

In the years between the unique reception by a fellow 
teacher and Superintendent Wilson’s remarks to our 
faculty, I have been able to visit chemistry classes in 
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several cities and educational centers of Michigan. 
While’ it has not always been possible to visit on a 
laboratory day, it has usually been possible to learn the 
views of the teacher in charge of the laboratory work. 
Of course, the names of teachers, the names of the 
schools, or the exact year of a visit will not be revealed. 
In recent years these visits have given ample reward for 
the time and cost involved. 

Sometimes I have learned what not to do. In one 
school, a pupil whom the superintendent took special 
care for me to meet informed me, on the side, that they 
could not learn anything from a certain teacher in 
physics and chemistry. My observation in his class 
was that he was trying to teach above the level of the 
ability of the class to follow his explanation and that 
he was so interested in chemical facts that he forgot to 
watch the response from his class. 

Perhaps the most extended attention to each experi- 
ment was noted in a school in which a part of three days 
was devoted to each experiment. Near the end ofa 
period on one day, the class carefully discussed the pur- 
pose of an experiment, the necessary materials and 
chemicals, and the procedure. On the second day the 
pupils took the entire period to work the experiment 
and prepare a written report. At the beginning of the 
third period the reports were discussed, corrected, and 
handed to the teacher for final consideration. That 
teacher took pride in his work. His superiors spoke 
very highly of it and of him. 

Perhaps the most enthusiastic class which I have been 
able to visit was conducted by a woman teacher. When 
I entered the classroom, she was busy explaining a 
chemical reaction, discussing the procedure of the 
illustrative experiment, stating the names of the vari- 
ous reagents, and developing a keen interest in the 
probable results. As soon as she stopped talking the 
pupils hurried to their individual desks and honestly 
tried the exercise for themselves. Not one in that class 
waited for some other person, but each one opened his 
desk, selected the recommended apparatus and the 
needed reagents, and performed the experiment with 
alacrity. The teacher moved around the room observ- 
ing the work and making individual suggestions for et 
couragement or additional explanation. Everyone it 
that class appeared to love chemistry. Their enthus: 
asm over the opportunity to do real experiments for 
themselves was as spontaneous as it was substantial. 
To this teacher the laboratory and its equipment cot; 
stitute a vital factor in the educational process. Thi§ 
teacher and class were in a city reasonably near th¢ 
high school where the teacher had said, ‘Nothing but 
laboratory work.” 


Almost unbelievable is the fact that a metal tube finer than a mosquito’s stinger has 


been made from pure nickel. 


The outside diameter of the tube is 0.0019 inch, the wall 


is 0.00075 inch, and the inside diameter is 0.0004 inch. One pound of the tubing would 
stretch more than 18 miles. 
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Student-made Visual Aids 


R. C. LYANS 
Santa Barbara High School, Santa Barbara, California 


ITH all due respects to the excellent results being 

achieved by the use of motion pictures in educa- 
tion, it must be admitted that other visual aids can be 
used to advantage, either to supplement the motion pic- 
tures or to clarify ideas. Models and charts in addition 
to motion pictures are particularly useful for the study 
of manufacturing processes. Because of the scarcity of 
such equipment, the student can render a service to the 
school and to himself by making a model or a chart to 
illustrate some process which he is studying. The illus- 
trations in this article indicate what can be done with 
inexpensive materials. 

Figure 1 will be recognized as a model of the bomb of 
an Emerson calorimeter, which is used to determine the 
calorific value 6f foods. This was turned out of wood in 
the school shop by a chemistry student. It was made 
l'/, times actual size to make it more easily seen by a 
large class. Like the real bomb, it opens in the middle. 


The interior is properly constructed. The water jacket _ 


(not shown) was made from tin cans. : 

A model of a 75-mm. shrapnel shell is shown in 
Figure 2. This was made from cardboard and a few 
thumbtacks. The shell portion is a cross section in 
order to show the interior, including the fuse. All parts 
were painted to simulate actual materials. 

Figure 3 shows a cross section of an open-hearth 
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FIGURE 2.—75-Mm. SHRAP- 
NEL SHELL 


1.— CALORIMETER 
BOMB 


furnace for the making of steel. It was made from a 
wooden packing box with a small box for the hearth, an 


FIGURE 3.—OPEN-HEARTH STEEL FURNACE 


old table leg for the stack, and some pieces of wood for 
the remainder. This is a tilting furnace, and the tilting 
apparatus actually works. The-checker brick is painted 
red to represent the condition during operation. 

Figure 4 illustrates the Hall process by means of 
which aluminum is produced. The parts of the furnace 
are made of wood and are attached to a three-ply back- 
ground. Wood or thick cardboard supported by a back- 
ground in this manner is often much more attractive 


FIGURE 4.—HALL ALUMINUM PROCESS 


than a flat drawing. Another similar illustration is pic- 
tured in Figure 5, namely, a blast furnace for the reduc- 


241 








Ficure 5.—BvLast FURNACE 
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tion of iron ore. The blast furnace, skip hoist, stoves, 
dust catcher, and pipes are all made of thin balsa wood, 
properly painted. Balsa was chosen because it is soft 
and easily cut, but other thin wood or even thick card- 
board would do. The background is a board froma 
packing box. Although the structure is only 18 x 
28 inches, it is clearly visible to a large class. It is small 
enough to pass around the class if desired. 

Many other models and drawings are in stock, all 
made by students and all useful. In some cases the 
models produce the proper products. It is felt that 
these activities of making visual aids not only have 
considerable educational value to the makers, but also 
produce distinct additions to the teaching equipment. 
Processes are easily explained, and added interest is 
shown because of the students’ contribution. 


A STUDY OF THE ACHIEVEMENT IN GENERAL CHEMISTRY IN THE A.S. T. PROGRAM 
(Continued from page 238) 


0.06 between class test scores and scores on his ‘‘Princi- 
ples Test.” A coefficient of correlation of 0.71 + 0.04 
between Form A of the Powers General Science Test 
and School Marks and of 0.59 + 0.05 between Form B 
of the Powers General Science Test and School Marks 
has been reported (12). 


“It is, of course, rather obvious that a degree of relationship 
approaching closely to that indicated by a correlation coefficient 
of +1.00 would be impossible of attainment with present meas- 
uring instruments and school organization, and also that no 
one not believing in a deterministic form of education could wish 
for such a situation”’ (13). 


CONCLUSIONS 


The achievement of the average trainee in A.S.T.P. 
Chemistry 206 is slightly higher than that of the 
average college student in first-year college chemistry. 
However, he is not significantly superior, and can be 
judged in terms of the civilian college student. 

The coefficients of correlation found are comparable 
to those reported in the literature as accepted evidence 
of validity for achievement examinations. 

Cumulative class scores as determined by our tests 
can be considered valid measures of achievement and, 


therefore, can be justifiably used in assigning class 
marks, 
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AN ELECTRICAL REVIEW CHART FOR STUDENTS BEGINNING ORGANIC CHEMISTRY 
(Continued from page 235) 


6. Instructions read ‘Determine mark.”’ 
~7. Correct answer switch. One revolution lights 
any intermediates that have been missed. 
This is kept in open position by a weighted 
handle. 
The products are indicated by illuminated colored 
plastic thimbles, the intermediates by bare bulbs, and 
the number wrong by projected numerals. The names 


of the classes, the special reactions and footnotes, the 
number of intermediates right, and the total number of 
preparations are indicated by signs illuminated from 
the rear. New preparations are added by plugging in4 
jack from the intermediate relay of the appropriatt 
compound to the correct position of the selector switch 
and changing the number-of-preparations jack for this 
position to the next higher numeral. 
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Out of the Editors Basket 


i? SPEAKING of the new synthetic rubber plant at 
Kobuta, Pennsylvania, Dan M. Rugg, vice-president 
of the Butadiene Division of the Koppers United Com- 
pany, made a statement which is very pertinent to 
the contest between Selective Service and industry 
over the deferment of young chemists. He said: 


“Because the plant and the process are new, many 
technical graduates with special chemical and engi- 
neering skill are required in the operation of Kobuta.”’ 


e@ Geography is changing. Teachers used to tell their 
students that Texas, Oklahoma, and Western Louisiana 
were grazing and agricultural states. A recent survey, 
however, shows that planes, synthetics, and ships are 
the three most important products now. Steel and 
tin are becoming important products of Texas and it is 
likely that the future of the whole area depends upon 
chemicals. Stumps are being cleared out of Eastern 
Texas, it is said, and are being used to make various 
synthetics. 


@ An electron microscope designed by General Electric 
Company engineers consists of two units, each about 
the size of an ordinary suitcase. The microscope 
proper is the first unit, weighing about 78.pounds; the 
second unit is a vacuum pump, weighing 55 pounds. 
It is only for experimental purposes and operates on 
110-volt alternating current. 


e A new booklet, jssued by the Reilly Tar and Chemi- 
cal Corporation, of Indianapolis, Indiana, describes 
several new by-products of coal tar that have been 
made available during the last few months. 


eA meeting of the principal producers of penicillin 
was held recently for the purpose of working out an 
agreement by which they would share information and 
the results of research. It was estimated that the war 
needs for this important substance would be largely 
met if all manufacturers could produce it as efficiently 
as some. 


@ We have just seen the first 1944 issue of ‘‘Natural 
and Synthetic Fibers,’’ a monthly loose-leaf literature 
and patent digest. This is one of several similar ab- 
stract services being offered by Interscience Publishers, 
Inc., 215 Fourth Avenue, New York. It offers com- 
prehensive coverage of this subject for manufacturers 
and other workers in the field. 


@ The following, quoted from the March number of 
Domestic Commerce, shows something of the ups and 
downs of the mineral supply and demand: 


Copper no longer occupies the position of easy supply reported 
only a few weeks ago. 

A change i in battle plans and conditions has brought about this 
change in the metal’s status. Its place on our list of surpluses 
has become uncertain and insecure. The reason? 

Copper has been diverted from a satiated small-arms program 
to the more urgent artillery requirements. An apparent ex- 


cess, instead of being made available for civilian use, will have to 
continue under administrative control. 

In fact, the difference between the amount of copper available 
to the United States and the military requirements is too small 
to presage a safe and secure condition during 1944. Indeed, this 
margin is so small that it may be dissipated in a few short months 
because of manpower shortage both here and abroad, and because 
of delays in the transportation of both imports and exports 

And so it goes. Today it is copper. Tomorrow some other 
metal or mineral now in a short or a long position, or not classi- 
fied as even essential, may find itself in extreme demand. 

A case in point is barytes. This mineral had not been seri- 
ously regarded as essential up to this late date in the war. But 
today it is being classified as critical because of new and un- 
foreseen requirements. 

To assay properly the entire situation, the businessman 
must take at all times a broad, objective view. He must realize 
that the demand for metals and minerals to meet the require- 
ments of a modern war is uncertain and unpredictable. 


@ Wax from Brazil’s exotic carnauba palm is helping 
United Nations fighting men polish off the Axis. 

Before the United States turned to the making of 
arms on a gigantic scale, Brazil sent large quantities of 
carnauba wax to this country for entirely pacific 
purposes. It helped make sweet music in phonograph 
records. It imparted a bright polish to the floors and 
furniture of innumerable homes. It had a con- 
stantly lengthening miscellany of uses in industry, - 
entering into manufacturing processes for products 
ranging from lubricating oils to soap and sound film. 
It hardened lipstick. 

Now the protective coating nature provides for the 
leaves of the carnauba palm has an equally versatile 
role in war industry. 

Many of its specific war uses can’t be catalogd, either 
for security reasons or because they are too recent to 
catch the attention of carnauba specialists. But the 
importance of the wax to the war effort is indicated 
in the close control over supplies exercised by the War 
Production Board, to make sure the imports from 
Brazil are channeled into the most essential of the war- 
expanded uses. 

The heavy wax makes excellent waterproofing and 
coating material. This quality, alone, opens a wide 
range of wartime uses for the preservation of military 
equipment and munitions, for the treatment of air- 
plane parts, for the covering of cables. It serves 
widely, too, in the manufacture of electrical equipment. 
It waxes skis for Arctic fighters, carbon papers and 
typewriter ribbons for Army, Navy, and war industry 
offices. 

Thus, in war or peace, the expanding variety of uses 
for carnauba wax makes it one of the most consistent 
items of import from the great Brazilian arsenal of raw 
materials. And users of the wax were cheered recently 
by a War Production announcement that, since a new 
crop is being harvested in Brazil, the ‘‘wax should be 
available in good quantity during the next several 
months.” 
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HAITIAN LABORER TAPPING CRYPTOSTEGIA PLANTS IN HAITI. 


JOURNAL OF CHEMICAL EpucatTIon 


WitH THESE SIMPLE MACHINES THE TAPPER CAN COLLECT THE LATEX 


From 1!/, ACRES OF PLANTS PER Day. 


@ The plant known as cryptostegia is a native of 
Madagascar. It is strong and beautiful, with much 
the same habits as other climbing vines. It has no 
thorns, but is covered with glossy green leaves and 
fragrant lavender flowers shaped like small Easter 
lilies. It has long been cultivated throughout the warm 
parts of the world as an ornamental vine. For at 
least 50 years its ability to produce a high-quality 
rubber has been recognized, but the first commerciali- 
zation of this ability has been made in Haiti by the 
Societé Hispano-Americaine de Developpement Agri- 
cole (known as “SHADA’’). 

In October, 1942, SHADA contracted with govern- 
ment procurement agencies for the planting of up to 
100,000 acres of cryptostegia to help meet emergency 
needs for rubber. It is already beginning to produce, 
since cryptostegia may be tapped one year after plant- 
ing. It is expected that 3000 tons of rubber will re- 
sult in 1944. 

Thomas A. Fennell, the president of SHADA, writes 
that one of the most difficult problems was to determine 
the most economical method for obtaining the latex 
from the plant. The tapping is done this way: The 
tappable whips, or long climbing branches, are gathered 
into bunches of from eight to twenty each. The 


bunches are tied about four feet above the ground and 
then tied again toward the end of the stems. The 
bunches remain tied until tapping cuts back past the 
tie. The worker places the bunched stems in a clamp 
at the top of the tapping stick, and, using a sharp knife 
cuts the stems about one inch above the ends, as shown 
in the illustration. The cut ends are saved, for each 
end has a small plug of rubber, similar in shape to the 
rubber at the end of a pencil. 

After the stems are cut, the latex drips for about 
three minutes through a small funnel in the tapping 
stick into a container. A tapper handles about 10 
tapping sticks and taps from 800 to 1600 bunches daily. 
Each plant is tapped every alternate day throughout 
the year, save for periods of extreme drought. Tap- 
pers are producing approximately 300 pounds an acre 
a year from young plants. This compares with pro- 
duction of about 300 to 400 pounds from Hevea seed- 
lings under average circumstances and about 500 
pounds an acre annually from Hevea after six to tet 
years of growth. 

When the containers on the tapping stick are nearly 
full, the tapper transfers the latex into a milk pail 
and carries it to the farm factory. There the latex 
is put in large tanks, then drawn off into small coagulat- 
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ing tanks, where it is mixed with approximately six 
times its volume of clear water. The latex immediately 
coagulates. The soft coagulum is pressed into sheets, 
rolled, and then put through a marking roller which 
gives the sheets a waffle-like appearance. The sheets 
are soaked in water to remove impurities, dried, and 
smoked over fire for about seven days. 

There are some 15 or 20 other methods of coagulating 
cryptostegia latex, but none has been found to be as 
satisfactory as the water-coagulating method. Re- 
cently it has been discovered how to condense and to 
preserve the latex indefinitely in a liquid form; also how 
to coagulate the condensed latex and make it at will 
into good rubber. Cryptostegia latex is acid in its 
reaction. So cryptostegia latex may prove useful for 
processes not available to Hevea latex, which is basic 
in its reaction. 


e Ecuador, smallest of the South American west coast 
republics, has become one of the biggest Western Hemi- 
sphere sources of quinine and totaquina. 

While import figures have been discontinued for 
security reasons, the inter-American program for de- 
velopment of hemisphere resources is acknowledged 
by the United States Foreign Economic Administration 
to have yielded important quantities of antimalarials 
in Ecuador. 

Ecuadoran authorities have cooperated, with United 
States procurement agencies in expanding production of 
antimalarial drugs to help meet the urgent demands of 
United Nations military forces. 

Quinine and totaquina are antimalarial alkaloids 
processed from the bark of the cinchona tree, native to 
Ecuador and other American republics. These re- 
gions have become the principal source of the quinine 
supply since the loss of Far Eastern imports. 

Extensive surveys of cinchona areas have been car- 
red out by FEA. These surveys were followed by a 
program of production, launched with the assistance 
of a United States mission of botanists and chemists 
sent to Ecuador by the Office of Economic Warfare, 
now absorbed into FEA. This agency handles the 
purchase of quinine and other antimalarial alkaloids in 
the other Americas. 


The FEA has established laboratories for quick , 


analysis of cinchona bark at Quito, the capital, and 
at Cuenca, and has set up purchasing stations in the 
tichest areas of supply. 

Now FEA, in cooperation with Ecuador authorities, 
is seeking further expansion of production through 
organization of exploratory parties to locate stands of 
cinchona trees best suited to commercial production. 


@ Large-scale production of toluene from petroleum 
started just six weeks before Pearl Harbor at the plant 
built and operated by Humble Oil & Refining Company, 
Standard Oil of New Jersey affiliate in Texas. The 
basic process of hydrogenation brought from Germany 
in 1927 ultimately proved to be the steppingstone to 
hydroforming by which toluene is produced. 

With war clouds over Europe coming nearer to 
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American shores, the perfection of the process became 
a race against time in which the U. S. Army Ordnance 
Department and oil technologists cooperated. 

Somewhat unexpectedly, while seeking a method of 
improving petroleum products by hydrogenation, 
chemists in the Baton Rouge plant of the Standard Oil 
Company of Louisiana noted that the process produced 
significant amounts of toluene. By 1933 enough in- 
formation had been accumulated to present to the 
Army Ordnance Department. Recognizing an op- 
portunity to avoid the shortage that had plagued them 
in the last war, the Army requested further experimen- 
tation. 

A year of research resulted in a sample of low-grade 
toluene that required further purification to produce 
normal TNT. In 1935, more samples were shipped to 
the Picatinny Arsenal. This time they were found to 
be of “nitration grade,” but there were still difficulties 
involved in freeing the toluene from undesired im- 
purities. 

Four years later, experiments in pilot plants indicated 
that the solution lay in the type of feed stock. Dozens 
of stocks were tested before one was discovered that 
yielded appreciable quantities of toluene. An adapta- 
tion of hydrogenation, called hydroforming, produced 
a product of 99.7 per cent purity. This was merely a 
laboratory victory and might prove impossible in com- 
mercial equipment. 

Poland had fallen as the war in Europe eritered an 
ominous winter. At the Army’s request, Standard 
estimated the amount of toluene the new process could 
produce and offered to build a special plant. 

In June, 1940, the Army ordered two 10,000-gallon 
tank cars of synthetic toluene. By that time France 
was collapsing and there was no time to erect a special 
hydroforming plant. There was no choice: but to 
shuttle the materials from plant to plant for each suc- 
cessive stage of the process, using whatever facilities 
were at hand. From Humble Oil at Baytown, Texas, 
25,000 barrels of special feed stock were shipped to the 
Bayway refinery in New Jersey where hydroforming was 
done in hydrogenation equipment hurriedly altered to 
accommodate the new process. 

Back to Baytown went the hydroformed ‘‘heart cut” 
for further purification. From there five tank cars 
carried the 90 per cent extraction to Baton Rouge, 
Louisiana, for the distillation of 99.7 per cent toluene. 
On August 6, 1940, 500-barrels of high-grade toluene 
were shipped to the du Pont explosive works for nitra- 
tion into TNT. The first commercially made syn- 
thetic nitration-grade toluene from petroleum had been 
produced. Enough toluene for a gigantic war effort 
was in sight. 


e@ A marked decrease in colds and other respiratory 

ailments has followed installations of ultraviolet air 

sterilization equipment in United States factories, 

resulting in decreased absenteeism, Dr. William T. 

Anderson writes in Archives of Physical Therapy. 
(Continued on page 251) 
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FIGuRE 2 


HERE is no lack of automatic pipets for the 
measurement of very small volumes of liquids. 
However, none of these is so accurate or so simply con- 
structed as those described in this paper. They are 
easily fashioned from a piece of ordinary glass tubing. 
Their use can facilitate one of the tedious operations 
of microchemistry, namely, the measurement of samples 
and reagents by means of fine transfer pipets. 
This new design was based mainly on two ideas. 
(1) A slight variation in the height to which the pipet 
is filled has less effect on the volume delivered as the 


stem becomes narrower. Consequently, it is best to 
have the mark in a very fine capillary constriction. (2) 
Under this condition, it will not even be necessary to 
place a mark on the pipet and then subjectively to use 
this as a point of reference, because the liquid will 
automatically adjust itself to a height that is fixed by 
the capillary forces. Both of these predictions have 
been verified experimentally; the reproducibility of 
the volumes delivered by pipets filled in this fashion 
has been excellent. 

If the chemist makes these pipets himself he will 
find it difficult to produce instruments of a particular 
desired capacity. (A commercial instrument maker 
probably would be able to solve this problem.) How- 
ever, in the majority of microchemical exercises, 
it makes no difference whether the pipet discharges, for 
instance 0.2 ml. or 0.193 ml., provided that the volume 
is known and constant. 

The writer uses two types of these pipets. The first 
(Figure 1), used for ordinary measurements, is provided 
with two marks. The second variety (Figure 2) has 
one mark and a longer discharge tip. This latter type 
is used if one liquid must be blown into another, for 
instance when preparing a series of dilutions. They 
are also used to introduce the last reagent when run- 
ning catalyzed time reactions. The instant at which 
the operator hears the air bubbles pass through the 
solution is taken as the starting time. 

The pipet is filled by sucking the solution above the 
mark A and then’ holding the instrument at an angle, 
with the tip resting against the wall of the container. 
The liquid runs out until its level reaches the mark and 
automatically stays at that height. The pipet is then 
held horizontal and the outside is wiped off with filter 
paper. The contents are then allowed to flow out into 
the reaction vessel until the liquid level drops to the 
lower mark (1), or the pipet is emptied by blowing (2). 

The reproducibility of the volumes discharged was 
tested by making 10 trials and using the deviations 
from the average value to calculate the mean error of 
the individual trials. The result was +0.25 mg. = 
0.00025 ml. Accordingly, 0.25 ml. can be measured 
within 0.1 per cent, and 0.025 ml. within 1 per cent. 

This same principle may be used in the construction 
of pyknometers. In this case it is easily possible to 
repeat the standardization or filling several times and 
to take the mean of all the trials. The design of the 
pyknometers is shown in Figure 3. 
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The liquid is drawn above the constriction A and 
the excess is then allowed to flow out, with the tip C 
in contact with the liquid in the original container. 
The liquid in the pyknometer will then stop in the 
constriction. The pyknometer is then held horizontal 
and the tip is wiped with bibulous paper. The ap- 
paratus is then turned upside down and suspended, 
at B, on the balance. If the constriction at A and the 
capillary are too wide the liquid will not stay in the 
constriction when the pyknometer is inverted. In 
that event the pyknometer is laid flat on the balance 


pan. In both cases, the liquid will retreat a little 


from the tip C into the capillary, and is thus ade- 
quately prevented from evaporating.’ 


When repeat- 
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ing the measurement it is sufficient again to suck the 
liquid a little above A and to let the excess run out until 
the liquid remains stationary. 

The mean error of the single trials with a 1-ml. 
pyknometer was +0.16 mg. = 0.00016 ml. The aver- 
age error of 10 fillings was +0.05 mg. = 0.00005 ml. 
These results signify that the accuracy attained here 
in the measurement of a volume not exceeding one 
milliliter is such that the temperature must be deter- 
mined within 0.2°C., since otherwise the inaccuracy 
due to temperature variation will exceed the inherent 
instrumental error. 


1 Cf. HAHN, Mikrochemica Acta, 3, 7 (1938). 


Spy Atoms 


HE perfection of the cyclotron, or ‘‘atom smasher,” by 

Dr. E. O. Lawrence and his associates made possible the 
production of radioactive materials in sufficient strength and 
quantity for experimental use. Subsequent development of 
detection instruments made the new tool complete, and the dis- 
covery of artificial radioactivity by the Curie-Joliets in 1934 
marked the beginning of a new era in physiological research 
methods. 

Radioactive isotopes of all known elements can be produced 
now. In chemical, physical, or biochemical systems these iso- 
topes behave exactly like the stable element. They do, however, 
disintegrate, emitting subatomic particles whose intensity can be 
measured with an electrometer or a discharge counter of the 
Geiger-Mueller type. Because the radioactive isotope is indis- 
tinguishable chemicafly from its stable partner but detectable 
electrically, it provides the first satisfactory method for tracing 
the travels of nutrients and poisons in the normal living organism 
and has been especially helpful in the field of physiology. 

Like all research methods, this apparent master-key to the 
secrets of metabolism has limitations. The radioactive isotope 
is characterized by a half-life, the time taken for half the atoms 
Present to disintegrate. Although there are over 350 radioactive 
isotopes, many have half-lives too short for any but the briefest 
experiment, or they emit subatomic particles at rates too small 
to measure. Unfortunately, those include carbon, hydrogen, 
oxygen, and nitrogen, the elements most concerned in biochemical 
reactions. For instance, there are two radioactive isotopes of 
carbon, one with a half-life of 20.5 minutes and the other about 
one thousand years. The former is too short-lived, and the latter 
too weakly radioactive. There is hope, however, that more sensi- 
tive detecting devices may be developed for the satisfactory use 
of the longer-lived radioactive isotopes, such as the thousand- 
year carbon. In the meantime an alternative, although less 
simple, method is available for carbon, as well as hydrogen, 
nitrogen, and oxygen. Most of the elements have several stable 
isotopes, differing from each other only in the weight of their 
atoms and distinguishable from one another by a mass spectrom- 
eter. For example, ordinary nitrogen is a mixture of two iso- 
topes having atomic weights of 14.0 and 15.0. By special 
separation processes the normal ratio of abundance of the two 
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isotopes can be altered, and organic compounds prepared from 
the ‘heavy nitrogen” are available commercially. 

This research method, expected to confirm or revolutionize 
many physiological theories, has already made some interesting 
revelations. One of the most striking is the relatively rapid 
rate at which complex reactions occur in the body. Using radio- 
active iron, the course of iron in normal and in anemic animals 
has been studied exhaustively, disclosing new information on 
iron metabolism. In normal health the body clings to its iron, 
absorbing and excreting very little. Inan anemic state, however, 
it absorbs iron rapidly. In such cases the iron is absorbed more 
completely from the gastrointestinal tract, transported to the 
blood-producing centers, and there quickly made into hemo- 
globin. New hemoglobin, containing radioactive iron, is de- 
tectable in the blood of anemic dogs only four hours after ad- 
ministration. 

Much has been learned of the functions of healthy and diseased 
thyroid glands through the use of radioactive iodine. Both are 
found to take up iodine from the blood stream within a few 
minutes after administration. However, uptake is much greater 
in the case of an enlarged gland. In both, the fractional uptake 
of iodine increases as the dose size diminishes. In humans with 
toxic goiter, the thyroid gland will absorb practically the entire 
dose if of one milligram or less, ; 

The applications of tagged atoms to biological and medical 


_Aesearch are limitless. With radioactive sulfur the rate of vita- 


min B, utilization and excretion in the human body has been 
studied. Radioactive carbon has been used to follow carbo- 
hydrate metabolism. More recently, radioactive iodine has 
made possible a study of insulin absorption in so-called insulin- 
resistant diabetics. 

In the field of plant physiology the radioactive tracing method 
is throwing new light on the complexities of the process of photo- 
synthesis, which has been puzzling scientists ever since Aristotle’s 
day. It has already been used to determine absorption rates and 
distribution of nutrients within the plant. Further experiments 
using radioactive elements have helped clarify the complex pas- 


‘ sage of mineral solutions through the absorbing and conducting 


tissues of plants. 
—Industrial Bulletin of Arthur D. Little, Inc. 


It isn’t the words that your reader reads that count, it’s the responsive vibrations you 


create or do not create. 


In simplest terms, it isn’t what the reader reads, it’s what he 
gets out of it, that counts for “‘readership.”’ 





Adventures in Chemical Optics 


Cc. C. KIPLINGER 
West Liberty State College, West Liberty, West Virginia 


N THESE days of priorities and scarcity of optical 

instruments one feels compelled wherever possible 
to place in active service any unused apparatus or parts. 
To this end the device herewith described has been 
developed to fulfill the functions of several optical in- 
struments. The materials required are usually at 
hand and are not harmed when diverted to this partic- 
ular use. 

The optical equipment of the instrument includes 
the two lenses of a rapid rectilinear doublet from a 
4 X 5 camera, each having a focal length of 33 cm., a 
l-inch eyepiece, ?/;-inch eyepiece, and two microscope 
objectives, l-inch and ?/;-inch, respectively, either in 
the original tube mounting, or remounted in suitable 
metal or cardboard tubes. 

A ‘simple optical bench of wood is constructed by 
nailing two strips of wood, 1.2 cm. X 2cm. X 1 meter, 
to one face of a bar of the same material, 5 cm. X 
5cm. X 1 meter, the strips to serve as guides for the lens 
tubes. The latter are large cardboard mailing tubes, 
6 cm. in diameter and 5 mm. thick, large enough to 
admit cork rings to hold the camera lenses in place and 
thus prevent injury to the brass threads of the lens 
mount. The tubes are held in place on the bench by 
bolts and sheet metal strips. 

Figure 1 shows the general arrangement of the ap- 
paratus. Two small right-angle irons are screwed to 
the bench adjacent to the microscope objective and 
serve as a stage. A portion of the tubing acting as a 
light shield can be removed to give space for acces- 
sories. The eyepiece of the compound microscope is 
mounted in an extension: tube sliding in the main tube 
so as to permit the use of different tube lengths. The 


“a 


FicurE 1.—A, Compounp Microscope; B, Droppinc PIPET 
AND HOLDER ATTACHED TO RIGHT-ANGLE IRON OF STAGE; D, 
Lens AND 60-MeEsH SCREEN; L-E, COLLIMATOR. 


two camera lenses are mounted so that they oppose 
each other as on the original shutter. Incidentally, 
single lenses may be used instead of the achromatic 
combination, but at the expense of a considerable loss 
in definition. : 

The adjustable slit of the collimator consists of two 
metal plates with central apertures, held together by 
two small brass bolts. These plates clamp and hold in 
position two metal strips with beveled edges which can 
be adjusted by hand to give the desired width of slit. 
A metal collar attached to the rear plate slips over a 
metal tube inserted in a cork ring in the end of the card- 
board tube. 

The bench is attached to a stand by a right-angle 
clamp which grasps an extra long bolt holding the lens 
tube and metal strip in position. The same device is 
used to support the front of the bench with a short 
length of iron rod. 


SCHLIEREN MICROSCOPE 


Topler! described the method of striae for studying 
the optical inhomogeneities in gases and _ liquids. 
Figure 1 shows the arrangement of an improved 
“schlieren” microscope for the illustration and applica- 
tion of this principle. The source of light is a 500-watt 
projection lamp and the condenser is a 500-ml. Florence 
flask filled with distilled water. The light is focused on 
the slit, which is at the focus of its lens so as to forma 
collimating system. Immediately in front of the sec- 
ond lens is a diffraction screen made of 60-mesh copper 
gauze. It is fastened to the cork ring with a single 
screw bolt which permits some freedom of movement for 
lateral adjustment. The vertical strands of the screen 
must be parallel to the vertical slit. A second screen of 
the same material is fitted over the objective of the 
microscope, preferably a l-inch objective, and the 
wires of this screen also should be parallel to the slit. 

A two-hole rubber stopper held by a heavy wire 
support is bolted to one of the stage irons to serve as 4 
holder for a dropping pipet. A glass cell completes 
the assembly. 

To use this instrument, the cell is filled with a liquid 
of known index of refraction and placed on the stage. 
The microscope is then focused by moving it toward 
the stage until the field is traversed by many well 
defined and colored diffraction bands. The rubber 
stopper and pipet are adjusted so that the tip of the 
latter is sharply in focus. The pipet is then filled with 
the liquid to be tested and placed in position, and 4 
drop is added to the liquid in the cell while the effect is 


1 Wied. Ann., exxxi, 33; also Woop, “Physical Optics,” 3rd 
ed., The Macmillan Company, New York, 1934, pp. 93-7. 
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observed through the microscope. Any difference in 
the indices of the two liquids will be shown by flow 
lines or striae, which are greatly emphasized by dis- 
torted diffraction bands. This method is very sensi- 
tive and is useful for comparing a pure liquid with a 
sample of the same substance of unknown purity. 
Furthermore, the relative densities of the two liquids 
will be indicated by the direction of flow. 


DIFFRACTOSCOPE 


The following assembly is called a diffractoscope and 
not an interferometer, which it somewhat resembles, 
because the present design permits only comparisons, 
not direct measurements. It is as sensitive as the 
schlieren microscope and requires no compound mi- 
croscope, but does not admit of density comparisons. 
The compound microscope is replaced by a tube which 
carries a cylindrical lens functioning as an eyepiece. 
This lens, of lower power than usually prescribed for 
the Rayleigh interferometer, consists of a 75-mm. test 
tube filled with distilled water. It is inserted in a 
transverse hole cut in a one-hole rubber stopper which 
fits the lens tube. The screen, slit, and axis of this lens 
must be carefully adjusted for parallelism as before. 
The stage arrangement is the same as in the schlieren 
microscope, with the exception that the tip of the 
dropper should be outside the field, which is crossed by 
a number of bright and somewhat broad diffraction 
bands if the adjustment is correct. By adding a drop 


of liquid differing in index from that of the cell liquid, 


these bands will be distorted and may disappear for 
the moment, only to reappear when diffusion or me- 
chanical mixing have recreated a uniform field. 

Normal sodium chloride and potassium chloride 
solutions show the same index of refraction with the 
Fisher refractometer. Both of the above methods re- 
veal definite differences between these solutions and 
are probably sensitive tothe fifth decimal place. 

The three types of glass cells are shown in Figure 5. 
The first consists of a U-shaped piece cut from a large 
rubber stopper and flanked by two plate glass squares 
waxed with paraffin, with the outer space between the 
plates also filled with the wax. Two narrow strips of 
adhesive tape wrapped about the ends of the cell bind 
it securely. These are also waxed. The cell has a 
capacity of 3 ml. The second is a small all-glass cell 
of smaller capacity made according to the suggestions 
of Wright and Swingle.2 Three plate glass squares 
6 mm. thick were cut, and a deep notch chipped and 
ground at the middle of an edge of one. They were 
then fused together in an electric furnace at 500°C., 
using the borosilicate cement suggested by these 
authors. The third cell was made by bending a narrow 
strip of plate glass into a U-shape and annealing in 
cotton. The ends of the U were ground flat on a car- 
borundum stone and plate glass sides were cemented 
on with Canada balsam. . 

A refractometer can be constructed by fitting the 


2 “The construction of Tiselius electrophoresis cells,” Science 
97, 564 (1943). 


POLARIZER FOR POLARIMETER, 

B, TARGET FOR REFRACTOMETER; C, COLLIMATOR SLIT; D, 

EYEPIECE FOR DIFFRACTOSCOPE; E, F, G, Giass CELLs; H, 
ULTRAMICROSCOPE CELL. 


Ficure 5.—A, TWwo-SECTION 


compound microscope tube with a sliding eyepiece 
tube to which a 10-cm. scale is attached (Figure 2). 
A metal pointer is added to the main tube. A spherical 
lens 2 mm. in diameter is fused on the end of a thin 
glass rod, the latter bent at its middle to a right angle 
and mounted on a glass square, 5 cm. X 5 cm., using 
sealing wax or shellac and a bit of adhesive tape. The 
lens should touch the glass plate near its center. A 
drop of liquid placed between the lens and the plate 
alters its focus. A 1-inch eyepiece and a 1-inch ob- 
jective are used for this combination. The screens 
are removed and the slit is replaced by a target, B, 
Figure 5, comprising a perforated piece of sheet metal 
with two arms so bent as to grasp the slit extension 
tube, and fitted with a small glass rod, 0.5 mm. in 
diameter, bisecting its aperture. 
The glass plate is clamped to the stage so that the 
spherical Jens is in the field of the microscope, and the 
latter is moved toward the spherical lens until- the 


FicuRE 2.—A, CoMPoUND MICROSCOPE WITH EYEPIECE SCALE; 
B, ULTRAMICROSCOPE CELL. 
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target rod shows as a sharply defined line of light out- 
lined by two sharp black lines. During this process the 
eyepiece tube must be inserted as far as it will go in the 
body tube. All further adjustments of focus are done 
with the eyepiece tube. Some typical readings follow. 


Scale Reading 


1.4 cm. 


Index 
Air 1 
Water 1.33 
Ethy!] acetate 1.372 
Acetone 1.360 
Carbon disulfide 1.625 


The focus must always be in the same direction, pref- 
erably toward the target, which should be illuminated 
with diffused light of medium intensity. A graph of 
the above values gives a straight line from which the 
refractive index of any liquid tested can be estimated, 
once the scale reading is known. This method is 
adapted for use with the ordinary compound micro- 
scope.® 


ULTRAMICROSCOPE 


The ultramicroscope is illustrated in Figure 2. An 
extension tube is added to give increased power and a 
2/;-inch eyepiece with a */;-inch objective yields good 
results. The type of cell used on the stage is shown in 
Figure 5 (H). A rectangular piece of black bakelite 
from an old radio panel has a triangular indentation cut 
in one side. At an adjacent side a piece of 1-mm. glass 
rod is fastened near the edge with a bit of adhesive 
tape. A short glass microscope slide is placed on the 
bakelite piece with one edge over the glass rod so as to 
form a thin wedge-shaped cell. A spring clamp holds 
the assembly together and a second clamp fastens it on 
the stage. A drop of colloidal solution introduced into 
the cell is held in place by surface tension. 

Colloidal sulfur gives an excellent field. It is easily 
prepared by blowing the HCl gas from concentrated 
HCI acid into a beaker containing dilute sodium thio- 

3 KIPLINGER, ‘‘A simple method for determining the approxi- 


mate index of refraction of liquids with a common microscope,” 


Trans. Chem. Soc., 125, 963-5 (1928). 


FiGurE 3.—A, PROTRACTOR ATTACHED TO EYEPIECE TUBE; B, 
1-LiTER BEAKER; C, POLARIZER. 


JourNnaL oF CHEMICAL Epucation 


sulfate solution, causing the latter to turn milky in a 
few minutes. 

The lighting system consists of the 500-ml. condenser 
and the 500-watt lamp with the plane of its filament 
parallel to the plane of the bakelite plate. The image 
of the filament is focused on the edge of the cell at the 
vertex of the triangular indentation and should show a 
bright haze as it enters the solution in the cell. The 
latter is so placed on the stage that the microscope can 
be focused on the brightest portion of the haze. This is 
very easy to adjust for demonstration purposes. For 
higher resolution a microscope objective attached 
to the bakelite plate as an auxiliary condenser and a 
higher power microscope are required. 


POLARIMETER 


A polarimeter can be assembled by removing the 
lenses of the compound microscope and replacing the 
eyepiece with a tube in which a long focus lens and a 
polaroid-J disc are mounted and to which a protractor 
is attached. A 1-liter beaker, diameter 100 mm., is 
filled to a depth of 8 cm. with the solution to be tested. 
The polarizer consists of two strips of polaroid-J cut at 
a small angle with reference to each other so that each 
extinguishes for a correspondingly small difference of 
position of the analyzer eyepiece. The reference point 
is a uniform shade simultaneously on both strips. 
These are mounted between two squares of plate glass 
and the line separating the two strips should be in the 
horizontal position when using the beaker as a container 
for the solution under investigation. This type of 
polarizer is not new, although fairly efficient, especially 
if the colored field produced by the polaroid-J film is 
eliminated by using a 3 per cent copper sulfate solution 
in the condenser flask. If a standard polarimeter tube 
is available, fairly accurate work can be done with this 
arrangement. 


CONOSCOPE 


In recent years a tendency seems to have developed 
to minimize or even to omit the study of crystal sys- 
tems in first-year chemistry. Rarely is the crystal 
form of any substance studied mentioned in the general 
chemistry texts. In discussing the structure of matter 
we use as many devices as we can assemble for the il- 
lustration of the points involved, Among these is the 
conoscope, which demonstrates that a colorless crystal 
may reveal an internal structure when viewed with con- 
vergent polarized light. 

For this instrument the same long focus lens and 
polaroid disc eyepiece are used as in the polarimeter. 
A */;-inch objective completes the microscope. The 
stage is equipped with a small liquid-filled glass con- 
denser made by blowing a 12-mm. bulb on the end of a 
short length of 6-mm. glass tubing, filling with a liquid 
of fairly high refractive index (benzyl alcohol is excel- 
lent), then sealing the stem. A spring clamp holds 
this condenser in position [Figure 4 (A)]. 

The crystal holder consists of a '/s-inch iron bolt. 
5 cm. long, fitted with a fiber washer for a thumbpiece. 
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Two !/s-inch nuts are soldered together at right angles, 
the combination screwed on the end of the above bolt, 


and a second and shorter '/3-inch bolt screwed through - 


the unused nut. The crystal to be studied is attached 
to the end of this second bolt with a bit of laboratory 
wax. A strip of sheet metal bent around the first 
bolt serves to hold it and also permits it to be turned. 
A spring battery clip clamps this support to the stage 
upright. With this apparatus it is easy to orient the 
crystal in the field so that the optic axes can be readily 
observed. The polarizer is a sheet of polaroid-J 
mounted between two squares of plate glass. 

A thick piece of mica may be used to illustrate the 
optical structure of a biaxial crystal. Sodium nitrate 
fused on a bit of cover glass gives excellent uniaxial 
figures. The principles involved have been described 
by Chamot and Mason.‘ 


SPECTROSCOPE 


The spectroscope is formed by removing the micro- 
scope, screen, and Jens at D, Figure 1, thus leaving only 
the collimating system on the bench. A diffraction 
grating mounted near the collimator lens completes 
the instrument. By reflecting the image of a scale 
from the rear surface of the grating mount, approxi- 
mate measurements of wave lengths can be made. A 
glass prism may be substituted for a grating by mount- 
ing it on a cork support and placing it between D and 
L, Figure 1. The spectrum will be located by looking in 
from the side of the bench. A small telescope may be 
used for observing it. 


‘ “Handbook of Chemical Microscopy,’”’ John Wiley and Songs, 
Inc., New York, 1930, Vol. I, p. 290. 


Ficure 4.—A, Stem oF Liguip CONDENSER; B, CRYSTAL 


HOLDER; C, POLARIZER. 


A crude but somewhat effective crown glass prism 
can be constructed by cutting two small rectangular 
pieces of thick plate glass and grinding an edge of one 
of the pieces to an angle of 60 degrees. This edge is 
semipolished on a piece of plate glass, using fine abra- 
sive, then cemented to a face of the other plate at one 
edge, using thick Canada balsam. 

In conclusion, if wearied by the tedious details in- 
volving the manifold potentialities of the two camera 
lenses, the reader should carefully place them back in 
their shutter, close the camera, and settle down in the 
old arm chair to dream about the coming years when 
precision instruments will be available for all and priori- 
ties are a long-forgotten nightmare. 


OUT OF THE EDITOR’S BASKET (Continued from page 245) 


@ Vitamin A, the ‘‘anti-infection’’ vitamin, which is 
also useful in treating night-blindness, was recently 
placed under allocation by the Chemicals Division of 
the War Production Board. 

Officials explained the move would have no great 
effect upon the public in the near future. The action 
was taken to insure equitable distribution of the 
vitamin, in the face of mounting demands. This in- 
crease in demand will exceed the volume of new sup- 
plies and make it necessary to draw on reserves. 
Vitamin A occurs naturally in fish-liver oils. 

Four synthetic vitamins already are under alloca- 
tion. These are ascorbic acid (vitamin C), thiamine 
hydrochloride (vitamin B;), riboflavin (vitamin Bz), 
and nicotinic acid, one of the B complex vitamins. 


@ A pupil, noticing the semitransparent nature of 
pale yellow plastic sulfur, asked to view the material 
under polarized light. To the delight of both himself 
and his instructor, the characteristic color pattern 
showing the distribution of internal stresses was ob- 
served. 


@ “Teaching Aids,” a bulletin of free and low-cost 
materials and services for teachers available from 
School Service, Westinghouse Electric and Manu- 
facturing Company, 306 Fourth Avenue, P. O. Box 
1017, Pittsburgh 30, Pennsylvania, contains a list of 
pamphlets, charts, and posters, motion pictures and 
slide films, scholarship awards, and other educational 
material. Some of this is valuable to chemistry teach- 
ers in colleges and secondary schools. The bulletin, 
together with attached order blank, is free upon request. 


e C. W. Bennett, of Western Illinois State Teachers 
College, Macomb, Illinois, sends in a suggestion for 
a semimicro qualitative test for nitrate, based upon the 
familiar brown ring test. 

Toa small crystal of the suspected nitrate in a small 
test tube, add 1 or 2 ml. of concentrated sulfuric acid 
and an unoxidized (green) crystal of FeSO,-7H;0. 
Heat gently. The appearance of brown fumes of NO, 
proves the presence of a nitrate, if nitrite and bromide 
are known to be absent. 





Survey of Quantitative Analysis Courses 


in the United States 


RALPH L. VAN PEURSEM 


Rochester Athenaeum and Mechanics Institute, Rochester, New York 


URING the past 12 years the American Chemical 

Society, through the Committee on Examinations 
of the Division of Chemical Education, in cooperation 
with the American Council on Education, has engaged 
in a program of stimulating interest in the better 
testing procedures and in the preparation of a complete 
battery of tests in the major fields of chemistry. Up to 
the present time, such examinations have been pre- 
pared in the fields of general chemistry, qualitative 
analysis, and organic chemistry.! Surveys’? have 
shown that these tests are widely used and indications 
are that if satisfactory tests were prepared in the other 
major branches of chemistry they would be widely 
accepted. For this reason the Committee, during the 
past two years, has undertaken the preparation of tests 
in quantitative analysis and physical chemistry. 

In order to obtain necessary information as the basis 
for actual preparation of test material, the subcom- 
mittee on quantitative analysis formulated and circu- 
lated a questionnaire among 150 representative colleges 
and universities selected according to size, type, and 
geographical location in the United States. A response 
of 115 replies (77 per cent) was obtained. 


RESULTS OF SURVEY 
The total enrollment in quantitative analysis in the 
115 schools was 5355, or an average of 47 students per 
class. Classes ranged in size from 4 to 400 students. 
In Table 1 are listed the professional objectives of the 
students enrolled in these classes and the percentage of 
the total enrollment represented by each. It is to 


TABLE 1 


PROFESSIONAL OBJECTIVES OF STUDENTS ENROLLED IN QUANTITATIVE 
ANALyYsis COURSES 

Professional Objectives Percentage 
Premedical 
Chemistry major 


Science major (other than chemistry) 
Pharmacy, home economics, and textile chemistry (2 per cent 


be noted that the three leading professional goals, pre- 
medical, chemistry major, and pre-engineering, repre- 
sent 84 per cent of the total enrollment. 

A total of 22 different textbooks were in use for class 
work. Four of these textbooks were used in 82 per cent 
of the schools. Nineteen different laboratory text- 


1 CaLANpDRA, ‘“‘The college chemistry testing program, 1941- 


1942,” J. Cem. Epuc., 20, 141 (1943). 
2 AsHFoRD, “The 1940-1941 college chemistry testing pro- 


gram,” ibid., 19, 116 (1942). 


books were in use, of which one was in use in 40 per 
cent of the schools. Mimeographed material was used 
in 18 per cent of the schools. 

Table 2 shows the wide variety of courses offered as 
well as the fact that the most frequent combination is 
two hours of theory and six hours of laboratory per 


week. 
TABLE 2 

CLock Hours DevoTeD TO THEORY AND LABORATORY IN QUANTITATIVE 
ANALYSIS 


-——Laboratory——— 
Hours Schools 





— Theory 
Hours Schools 
25 
66 
19 
1 
2 


id notindicate 2 


Did not indicate 


Courses ranged in length from 5 to 38 weeks. Ten 
schools reported a course 10 to 12 weeks, which repre- 
sents the equivalent of a quarter term. Forty-four 
schools reported a course 15 to 18 weeks in length, 
which is the equivalent of a semester, and 42 schools a 
course length of 30 to 36 weeks, or the equivalent of a 
school year. 


TABLE 3 
ToTaL Time DEvoTED TO THEORY AND LABORATORY IN QUANTITATIVE 
ANALYsIs COURSES IN THE 115 SCHOOLS 

Theor -———Laborator 

Hours Schools Hours 
12-19 13 48-89 

20-29 9 90-109 
30-39 41 110-129 
40-49 10 130-149 
50-59 7 150-169 
60-69 13 170-189 

70-79 16 

80 or more 5 

Did not indicate 1 


= 
Schools 


190-209 
210-229 
230-249 
250-269 
270 or more 


The total time devoted to class work varies from 12 to 
108 hours, with an average of 36 hours, and the total 
time devoted to laboratory ranges from 48 to 432 
hours, the average being 144 hours. 

In general, the class work was devoted to three prin- 
cipal areas of study, namely: theory and principles, 
problems, and laboratory techniques. The average 
percentage of time devoted to each of these areas was: 
theory and principles, 50 per cent; problems, 30 per 
cent; and laboratory techniques, 20 per cent. The 
variation in percentage of class time devoted to these 
three subjects of study was considerable, as shown by 
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TABLE 4 
THEORY CONTENT OF QUANTITATIVE ANALYSIS IN 115 SCHOOLS 


Relative 
Topic Frequency 


Neutralization 100 
Oxidation-Reduction 
Solubility product 
principle 
Indicators 
Precipitation 


Precision and accu- 
racy——errors 
Chemical balance 
Coprecipitation 
Titration curves 


Relative 

Topic Frequency 
Analysis by electro- 

deposition 40 
Mass action 30 
Hydrolysis 30 
Oxidation-Reduction 

reactions 30 
Oxidation-Reduction 

potentials 30 
Gravimetric analysis 28 
Colloids 26 
Miscellaneous (80 

topics) 


TABLE 5 
LABORATORY CONTENT OF QUANTITATIVE ANALYSIS CouRSES IN 115 ScHOOLS 


Relative 
Experiment 
Titrimetric 
NazCO3 (or other 
weak base) 100 
HAc (or other weak 
acid) 85 
Cu 83 
Fe (method not spe- 
cified) 31 
Fe (KMnQy,) 49 
Fe (K2Cr207—out- 
side indicator) 40 
Cl (method not spe- 
cified) 37 
Cl (Mohr) 34 
Cl (Volhard) 32 
Nitrogen (Kjehl- 
dahl) 31 
As 23 
Differential titration 
(OH and COs) 21 
Sb 
Miscellaneous (14 
experiments) 
Gravimetric 
Sulfate (or Ba) 
Chloride (or Ag) 
F 


e 

P,0; 

Zn (as pyrophos- 
phate) 

Sn (as SnO2) 

H:0 

Miscellaneous (8 ex- 
periments) 

Standardization 
Acid 
Base 57 


Frequency 


Relative 


Experiment Frequency 


KMnQ 

Na2S20s 

K2Cr207 

AgNOs 

In 

Miscellaneous (4 ex- 
periments) 


Calibration 
Buret 
Pipet 
Flask 
Weights 
Electrolytic 
Cu 
Pb 
Ni 
Limestone 
Acid insoluble 
SiOz ‘ 
Loss on ignition 
R2Os 
CaO (method not 
specified) 
CaO (titrimetric) 
CaO (gravimetric) 
MgO 
Miscellaneous (3 ex- 
periments) 
Colorimetric 
Mn 
pH 
Fe 
Cu 
Cr 
Miscellaneous (26 ex- 
periments) 


the following ranges reported: theory and principles, 


2 to 80 per cent; problems, 5 to 70 per cent; 


and 


laboratory techniques, 5 to 88 per cent. 
The questions relating to the contents of the courses 
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the information could not be tabulated, absolute 
values of the frequencies for the various theory topics 
and laboratory experiments would have little signifi- 
cance. The relative frequencies in Tables 4 and 5 were 
obtained by assigning values of 100 to the theory topic 
and the laboratory experiment which were reported 
most frequently and calculating relative values for the 
remainder. 

The division of the list of laboratory experiments 
into seven general classifications was largely arbitrary 
and was done as a matter of convenience for sum- 
marizing. Table 5 shows the wide variety of laboratory 
experiments reported. 


SUMMARY AND CONCLUSIONS 


On the basis of the above data, certain observations 
and conclusions are warranted: 


1. In 115 schools the professional goals of 84 per cent of the 
students in quantitative analysis were nearly evenly 
divided into three principal areas: premedical, chemistry 
major, and pre-engineering. 

2. The time spent in class work varies from one to five hours 
per week, and in the Jaboratory from three to thirty-five 
hours per week; total time varies from 12 to 108 hours 
for class work and from 48 to 432 hours for laboratory. 

3. There is no uniformity in the subject-matter content of 
courses. 


As a result of this summary, the subcommittee has 
constructed a test in quantitative analysis and designed 
it so that the various combinations of the sections or the 
entire test may be used for measurement of achieve- 
ment in one-quarter, one-semester, or full-year courses. 
The division of the test into sections is therefore planned 
largely on the basis of subject-matter content. How- 
ever, it takes into account the major objectives out- 
lined in this survey, namely: knowledge and under- 
standing of theory and principles, ability to apply 
principles to the solution of problems, and a knowledge 
of proper laboratory techniques. Teachers who are 
interested in assisting the subcommittee by criticizing 
or experimenting with this examination are urged to 
communicate with the chairman. 


COMMITTEE ON QUANTITATIVE ANALYSIS 
Mr. Fred H. Heath 


were free response questions and resulted in a list much 
longer than the one which was included in Tables 4 and 
5. Many subjects which are closely related are com- 
bined under a more general heading. Since several of 
the schools either did not answer the questions relating 
to course content, or responded in such a manner that 


Dr. Ralph L. Van Peursem, Chairman 


Dr. E. K. Bacon 

Dr. John Barker 

Dr. C. W. Bennett 

Mr. Umbay Burti 

Sister M. Denise 

Dr. Edward L. Haenisch 


Mr. J. J. Marcus 

Dr. C. S. Martin 

Dr. Gordon Pritham 
Dr. Rufus D. Reed 

Dr. Bruce V. Weidner 
Mr. H. E. Wilcox 


You have often wondered why your dog was a creature of a higher order, or on a higher 
plane of intelligence. It’s simple. He hasn’t any language of his own. He acceptsa 
little of yours but has sense enough not to use it himself. 





A Chart Based on Atomic Numbers 
Showing the Electronic Structure 
of the Elements 


EDGAR I. EMERSON 


Trinity College, Hartford, Connecticut 


ITH but slight modifications the long form of the 

periodic table can be made to show the electronic 
configuration of the atoms in so far as the number of 
electrons in each shell is concerned. The table pre- 
sented here is modified from many of the long forms as 
follows: 

(a) The noble gases are placed on the left and right 
sides of the table because they may be considered as 
starting and ending a series. 

(b) Element 0 has been included. 

(c) The relationship of hydrogen to the alkali 
metals and the halogens is shown by extending hori- 
zontally the space occupied by hydrogen. In a similar 
way the relation of beryllium and magnesium to the 
alkali earth metals and the zinc group is shown. This 
arrangement implies no break between hydrogen and 
helium or between magnesium and aluminum. 

(d) The heavy horizontal lines indicate that the 
elements in the spaces above are not to be considered 
as prototypes of the elements lying below. 

(e) The rare earths are between the vertical triple 
lines, and the transition metals between the double 
lines. 

The outermost shell of any series is called the A shell, 
the next to outermost the B shell, and the next the C 


shell. When a newly added electron enters the 4 
shell the element is said to belong to an A subgroup 
or family. Following this terminology the transition 
metals become members of the B families and the rare 
earths become members of a C family, since the newly 
added electrons enter the B and C shells, respectively. 
As pointed out in a previous paper! this terminology 
gives meaning to the family letters. Reference to the 
table shows: 

(a) The distribution of electrons in the various shells 
at the completion of any series. This is shown on the 
right side. 

(6) The shells which will receive electrons in a given 
series and the level of these shells with reference to the 
outside of the atom, as given by the letters A, B, and 
C. These are indicated at the left of the table. 

(c) The number of electrons in the various shells 
receiving electrons. This is given by the numbers at 
the bottom of the table. 

(d) The number of electrons in some of the elements 
(indicated by dots) which have dropped back from the 
A to the B shell. 

In order to find the electronic structure of an atom, 


1 Emerson, “A new spiral form of the periodic table,” J. 
Cuem. Epuc., 21, 111 (1944). 
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FicuRE 2.—A SHORT FoRM OF THE PERIODIC TABLE ARRANGED TO SHOW ATOMIC STRUCTURE. 


THE TABLE IS INTERPRETED IN 


THE SAME Way AS THAT IN FiGurRE 1. 


determine from the right side of the table the shells 
appearing in the series. Write down the letters of all 
of these shells and the number of electrons in them, 
omitting the numbers in italics. These are replaced 
by the numbers at the bottom of the table under the 
particular element. The structure of helium is found 
tither by reference to the structure indicated at the 
tight for the completed series or by the general scheme 
previously outlined using the letter inscription for 
helium at the left of the table. If the process is carried 
out correctly the sum of the numbers of electrons equals 
the atomic number. 

When the periodic table is arranged in the way de- 
sribed we find that: 


1. There is a place for the rare earths. 
2. The table indicates the electronic structure of 


the elements in so far as the number of electrons in 
each shell is concerned. 

3. Hydrogen has a definite position in the table. 

4. The table shows the continuous variation .of 
properties from active metals to active nonmetals as 
electrons are added to the outer shell of the atoms. 

In the opinion of the author many long charts based 
on increasing atomic numbers either indicate directly 
1, 3, and 4, or may be construed to do so by liberal 
interpretation. These same charts with but slight 
modification can also reflect the electronic structure of 
the elements,? and it should be mentioned that a 
scheme similar to the one described can be used to 
determine the electronic configuration of the atoms in 
the short form of the periodic table, Figure 2. 


2 For references to other tables reflecting atomic structure 
see LUDER, J. CHEM. Epuc., 20, 21-6 (1943). 


A plant manufacturing airplanes in New England burns 800,000 gallons of fuel oil a 
month. 
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Essential Oils as Strategic Materials 


J. B. MAGNUS 
Magnus, Mabee & Reynard, Inc., New York City 


a ESSENTIAL oil may be defined as an oil which 
has an odor and a taste, is volatile in steam, and 
is derived from a plant, root, leaf, herb, or, we may say, 
from anything that grows in the vegetable kingdom. 

Essential oils are obtained from all parts of the 
globe, for example: oil bergamot from Italy; oil worm- 
seed, peppermint, wormwood, spearmint, lemon, and 
orange, from the United States; oil lavender from 
France; oil citronella from Ceylon; oil citronella Java 
from the Dutch East Indies; oil eucalyptus and its 
various species from Australia; essential oil derivatives 
of camphor from Formosa; oil rosemary and thyme 
from Spain; oil cassia and anise from Hong Kong; 
oil vetivert from the Dutch East Indies; oil palma rosa 
from Turkey. The continent of Africa donates many 
essential oils including geranium, origanum, and others. 

Oil cloves although distilled mostly in this country 
is derived, as the name would imply, from clove spice 
which originates in the islands off the southeast coast 
of Africa, namely, Zanzibar, Madagascar, and the Re- 
union Island. ; 

From the foregoing you can realize that even in 
peacetimes the importation and shipping arrangements 
for essential oils were no simple matter but a complex 
organizational practice in itself. 

With very few exceptions essential oils are distilled 
or produced at the source of growth. Since the yield 
of essential oils from some substances is only half of one 
per cent, it can readily be understood how this helps 
to save shipping space. This even applies to plants 
grown in the United States. For example, peppermint 
and spearmint are harvested in Indiana, Ohio, Michi- 
gan, and some of the West Coast states. The material 
is distilled near the place of growth and the crude oil is 
shipped to the processors. There it is sometimes re- 
distilled, filtered to remove solid impurities, and dried 
to remove the water which is introduced during the 
process of steam distillation. 

In some cases it has been found that the distilled oil 
does not have as good a lasting quality as the oil which 


1 Address presented at the Fifth Summer Conference of the 
N.E.A.C.T., Phillips Academy, Andover, Massachusetts, August 
28, 1943. 


is obtained by the process known as “‘expression.’ 
Typical examples of oils which are produced by “ex- 
pression” are: oil orange, oil lemon, oil bergamot, and 
oil limes expressed. The old method of making ex- 
pressed oils was to rotate the citrus fruit on a piece of 
metal with a number of large points. These sharp 
points would pierce the oil cells and allow the oil to 
run down into the handle. When the handle was 
filled the oil was placed in another container and the 
process continued. 

Methods of this kind are no longer used. In Cali- 
fornia the fruit is washed by mechanical means, then 
ground whole, and finally run through a centrifugal 
separator. One spigot delivers the oil, another the 
juice, and the solid material remains behind. 

The beginning of the essential oil industry dates back 
to very early times, indeed. A few essential oils are 
mentioned in an indefinite manner in the Bible and in 
early literature. We only have to recall the cedar of 
Lebanon and myrrh and the oils made from them. 

Columbus set sail in a westerly direction to find a 
short cut to the land of spices. The spices which he 
sought contained essential oils which have been and are 
used in all types of food products. 

It is said that the Monks of Europe were the first 
to learn that spices, herbs, and other plants contained 
essential oils. They also learned how to remove 
them from the original material by means of steam 
distillation. 

Not many years have elapsed since oils lemon and 
sweet orange were produced only in Italy. In the 
past two decades the United States Government and 
the essential oil industry have encouraged the growth 
of the production of these items in California and 
Florida. This industry has now grown to such af 
extent that it is able to supply the world with these oils. 

Peru balsam which, contrary to its name, originates 
in the Central American Republic of El Salvador, is 4 
resinous oil high in medicinal virtue, which has beet 
used for years and is still used by medical authorities 
for application to old and slow-healing wounds. 

Oil cedarwood American for clearing and for micro 
scopic use is a U. S. A. product. Tremendous quanti- 
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ties are used during wartime by the Army and Navy 
Medical Supply Depot for the vast amount of micro- 
scopic work that is necessary in the Armed Services. 

Balsam fir Canada is a product of Canada. It rep- 
resents the exudation of a particular fir tree. It con- 
tains about 20 per cent of essential oil and approxi- 
mately 80 per cent of a quick-drying resin. It becomes 
very hard upon exposure to air and has a refractive 
index very near to that of glass. For this reason balsam 
fir Canada resin in xylol, balsam fir Canada resin, and 
balsam fir Canada itself are used in tremendous quan- 
tities in the manufacture of optical instruments and 
equipment. 

In this war, candy for the soldiers, sailors, and other 
armed forces is indeed a very important item. Essen- 
tial oils are used for flavoring these candies. Usually, 
they are of the hard candy type. Candy flavored 
with oil sweet orange, lemon, or lime requires the 
presence of a small amount of citric or tartaric acid to 
bring out its pleasant flavor characteristics. Citric 
and tartaric acids are not available in the usual quaniti- 
ties, so manufacturers have resorted to a root beer 
flavor and others which do not require the presence of 
these acids. Root beer flavor is made up of a mixture 
of various essential oils, principally oil sassafras natural 
and oil sweet birch. 

Due to the shortage of dry spices, practically all 
manufacturers of food products have now resorted to 
the use of spice essential oils such as: oil cloves, 
pimento, cassia, cinnamon, and nutmegs. It has been 
found that these spice essential oils can be incorporated 
in dehydrated foods and in canned products in a more 
satisfactory manner than was possible with the dry 
spices. 

The pickle industry now uses essential oils for flavor- 
ing, such as oil dill weed, oil dill seed, and the various 
spice essential oils almost to the exclusion of dried 
spices. 

Because this war is of a global nature with fighting 
going on in all types of climates and under widely 
divergent conditions, oil citronella Ceylon, oil citronella 
replacement number 21, oil pennyroyal American, 
and some of the other essential oils have been supplied 
to the armed forces for use as insect repellents. Oil 
wormseed, for example, was shipped by air to Brazil 
for treatment of hookworm. 

Now that planes make rapid trips from different 
countries to our country, it has been found necessary 
to spray the planes inside and out to kill insects that 
may have been brought from another land. Practi- 
cally all of the insecticides that are used for this pur- 
pose contain small amounts of essential oil mixtures 
sometimes called perfume oils, to make the odor of 
the spray more agreeable to human beings. 

Balsam tolu, a product of South America, is collected 
by natives in the deep interior of that continent. 
Uniquely enough, the balsam is shipped to the 
United States in five-gallon tins which originally con- 
tained gasoline and kerosene. Balsam tolu is used by 


‘the armed forces for the manufacture of a cough syrup 
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and for certain other pharmaceutical preparations. 

Oil turpentine U. S. P. gum spirits, produced from 
the pine trees of the South, plays an important part 
for the armed forces. This material is used to make 
up liniments suitable for humans as well as horses and 
accompanies the armed forces wherever they go. 

Fats are scarce and it has been necessary to make 
soap from the types of fats and oils that would not 
ordinarily be used for this purpose. Essential oils and 
essential oil mixtures are used to cover the odor of these 
low-grade fats and thus make the soap more acceptable 
to the consumer’s use. 

Many essential oils are not available any longer 
and will not be brought into this country until after 
the war. Successful efforts are being made to grow 
some of these products in the United States, South 
America, and Central America. The outstanding 
example of this is oil dill weed. Not so many years 
ago practically all of this material came from the 
regions around the Mediterranean Sea. Today all of 
it is produced in the United States. 

Essential oils are used for flavoring tooth pastes, 
shaving lotions, talcum powders, hair tonics, prescrip- 
tions, fly sprays, insecticides, adhesive tapes, ointments, 
varnishes, paints, coated gum paper, chewing gum, and 
embalming fluids. Manufacturers of embalming fluids 
are always trying to make a more acceptable and suit- 
able odor for their product. In making a suitable es- 
sential oil odor for flea powder, the question arises as to 
whether the dog or the flea has to be pleased. 


CORRECTION 


On p. 154 of the March issue of THIS JouRNAL the 
last sentence in ‘‘Modern heat treating practices,’ the 
article by Charles A. Pethybridge, should read, ‘‘For 
case depth of 0.040 inch and less, etc.’’ and not ‘0.40 
inch.” 


NOTES 


Mr. Elbert C. Weaver, Andover, Massachusetts, 
attended (as an official representative of the N.E.A. 
C.T.) the informal meeting of the National Commission 
of Science Teaching held at 315 Riverside Drive, New 
York, on March 19, 1944. The following organizations 
have named official representatives to the Commission: 
N. Y. C. Federation of Science Clubs, National Associa- 
tion for Research in Science Teaching, American 
Nature Study Society, Division of Chemical Education 
of the American Chemical Society, American Council of 
Science Teachers, North Central Association of Science 
and Mathematics Teachers, American Science Teachers 
Association, Catholic Conference of Science Teachers, 
Middle States Association of Science Teachers, and the 
American Association of Physics Teachers. Professor 
Philip G. Johnson, Cornell University, is acting Chair- 
man of the Commission. The purposes of the Com- 
mission have been delineated as follows: 1, to make the 
influence of science organizations a potent force 
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through the unification of their efforts; 2, to bring 
about a national offensive so that the sciences may be 
given a just and reasonable opportunity to serve the 
needs of all youth; 3, to study the effects of this war on 
science teaching and to make recommendations with 
respect to the more desirable types of pre-induction 
training; 4, to plan a long-range program for the im- 
provement of science teaching; 5, to assist science teacher 
organizations in reaching science teachers and school 
administrators; 6, to stimulate widespread and intelli- 
gent cooperative action on problems of science teachers. 
The need for the Commission grew out of the minds of a 
number of leading science teachers who felt the lack of 
a plan for science teachers to work together to achieve 
these aims. It was thought that a united effort in one 
organization of joint sponsorship could accomplish 
more than many groups working separately. 

At this informal meeting it was suggested that the 
time was ripe for a national organization of science 
teachers to include the following features: 1, sponsor- 


JourNAL oF CHEMICAL Epucation 


ship by both educators’ and scientists’ groups, probably 
jointly by the National Education Association and the 
American Academy for the Advancement of Science; 
2, scope broad enough to include the interests of all 
science teachers; 3, fusion of various groups such as 
the American Science Teachers Association, the 
National Commission of Science Teaching, and perhaps 
others, to achieve an economy of interest; 4, fusion of 
several journals into one publication but in no case inter- 
ference with regional groups nor with specialized 
journals. Further discussion took place at the Cleve- 
land meeting of the American Chemical Society on 
April 3 to 6. 

Dr. Mary C. McKee of the Chemistry Department of 
Connecticut College, New London, Connecticut, will be 
the local representative on the Summer Conference 
Committee. The Conference will be held from Thurs- 
day afternoon, August 24, to Monday afternoon, 
August 28, 1944, during the summer session of the 
College at New London. 


Test for Bromide and Iodide in a Mixture 


R. A. JOHNSTON 
Murray State Teachers College, Murray, Kentucky 


The following test for bromide and iodide in a mixture 
of the two ions hasbeen used satisfactorily. 

The mixture of bromide and iodide is acidified with 
sulfuric acid (1:20), and 3 per cent hydrogen peroxide 
is added in sufficient quantity to oxidize the iodide ion 
completely to free iodine. Starch paste is added to 2 
or 3 ml. of the solution to test for iodide. A quantity 
of activated charcoal is then added, depending upon the 
concentration of the iodide. The mixture is stirred 
well for 2 to 3 minutes and then allowed to stand 2 or 
3 minutes, thus allowing time for the redox reaction 
and the subsequent adsorption of free iodine to take 


place. The mixture is then filtered, 2 to 3 ml. of the 
filtrate are treated with more hydrogen peroxide, and 
starch paste is added as a test for complete oxidation of 
iodide to free iodine. A positive test with the starch 
paste at this point suggests the addition of more hydro- 
gen peroxide and activated charcoal and repetition of 
the above procedure until oxidation and adsorption are 
complete. The presence or absence of iodide having 
been established, a convenient volume of the remain- 
ing filtrate is poured into a test tube, carbon disulfide 
is added, and the usual test for bromide is made, using 
aqua regia or other suitable source of free chlorine. 


ALEXANDER VON HUMBOLDT (Continued from page 215) 


to the scientist of world-wide recognition, with no dis- 
crimination of race, or country, or social position. In 
closing we can do no better than repeat the tribute that 
was once paid to him by Liebig (1): 


“TI know well how many there are who like me are indebted 
to your favor and goodness for the attainment of their scientific 
aims. The chemist, the botanist, the physicist, the orientalist, 
the traveller to Persia and India, the artist, al] enjoyed the same 
privilege, the same recognition. For you there was no difference 
among lands and nations. What the sciences owe to you in this 
special respect has never come to the knowledge of the world, it 
can only be read in all our hearts.” 
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RECENT BOOKS 


Quimica ¥ BroguimicA DE LAS VITAMINAS (CHEMISTRY AND 
BIOCHEMISTRY OF THE VITAMINS). Armando Novelli, Professor 
in the Universities of Buenos Aires and La Plata, Argentina. 
“El Ateneo,” distributors, Buenos Aires, 1942. 410 pp. 
17 X 26.5cm. Paper cover. 


This excellent monograph in the Spanish language is an up-to- 
date comprehensive treatment of the important developments in 
vitamin research. It should find ready acceptance throughout 
Latin America. 

All the known vitamins are covered, as well as such members 
of the B complex as p-aminobenzoic and folic acids, inositol, and 
choline. Each is discussed with reference to chronology, occur- 
rence, isolation, properties, constitution, synthesis, specificity, 
biological, microbiological, and chemical methods of assay, 
standards, physiology, and pathology, so far as information is 
available. The historical parts are briefly but adequately pre- 
sented without tiresome detail. The greater part of the book is 
written in a style which holds the reader’s attention and in 
language which one does not have to be a biochemist to under- 
stand. For those who desire technical biochemical information 
there is enough of this, too, to make the book valuable for refer- 
ence. 

No bibliography is given as such, but after each reference in 
the text to an investigator’s work the author’s name and the year 
of publication of his paper are given, making it possible, with 
some effort, to locate the original by consulting Chemical Ab- 
stracts or other suitable index of the literature. Unfortunately 
the authors’ initials are not given, and this prolongs the search 
where there are many chemists of the same surname, é. g., Evans, 
Kuhn, Robinson, etc. Furthermore, the names are frequently 


misspelled, thus one finds Summer for Sumner (p. 273), Schné- 
heyder for Schonheyder (p. 366), Glavin for Glavind (p. 378), etc 

No errors in structural formulas were found. Typographical 
errors are few. At the bottom of page 357, vitamin ‘“A’’ should 


read “‘E.’’ In the chapter on vitamin A the term ‘“‘nyctalopia”’ 
would be preferable to “hemeralopia” for the designation of 
night-blindness. In the chapter on antirachitic vitamins fre- 
quent references are made to the formation of vitamin D by ultra- 
violet irradiation, but no statement is made as to which wave 
lengths are effective and which, if any, are destructive. 

The relation of members of the B group to respiratory enzymes 
isadequately presented. Vitamin deficiencies and their treatment 
are well covered in the limited space allotted but no attempt is 
made to make this a medical textbook. There are no tables of 
the vitamin contents of foods. Instead, the importance of a well- 
balanced diet is stressed. 

The book is printed on paper of medium quality. The paper 


binding is flimsy. There is no index. 
Lewis E. Grtson 


Cincinnati Mgpicat COLLEGE 
Cincinnati, OHIO 


MAGNETOCHEMISTRY. Pierce W. Selwood, Associate Professor of 
Chemistry, Northwestern University. Interscience Publishers, 
Inc., New York, 1943. ix + 287 pp. 80 figs. 42tables. 15 X 
23cm. $5.00. 


The author has adopted what he calls a severe definition of 
magnetochemistry: ‘the application of magnetic susceptibilities 
and of closely related quantities to the solution of chemical 
Problems.” This he has done to ‘keep the book within reason- 
able bounds.” The detailed table of contents facilitates knowing 
what is treated and exactly what pages hold the details. There 
are also very complete and accurate author and subject indexes. 
These, coupled with the many footnote references to the original 
literature, make it very easy for any investigator to find a com- 
plete story of any phase of the subject in which he is interested. 


The general plan of the book conforms to the above definition. 
After an exceptionally clear and concise (but fully adequate) 
treatment of the practical methods of measurement of magnetic 
susceptibility, there follow chapters on atomic and molecular 
diamagnetism, atomic and molecular paramagnetism, including 
complex compounds, metallic magnetism, and ferromagnetism. 
A final chapter is added covering a dozen or so applications of 
magnetochemistry not easily classified under the previous chap- 
ters. The most interesting of these applications to the reviewer 
as a chemist (and apparently also to the author, since the largest 
number of pages is devoted to it) is the relation between the mag- 
netic moment of a catalyst and its catalytic activity. 

The chapter on atomic diamagnetism which the author admits 
in the preface that he has slighted, nevertheless has adequate 
footnote references to full treatment in previous texts. A very 
useful table of Pascal’s corrected constants is given in the chapter 
on molecular diamagnetism, with some constitutive correction 
constants. This is followed by an account of the most recent 
attempts to explain these empirical constants on theoretical 
grounds, and the hope is expressed that they may soon be “‘used 
by chemists with the same confidence and ease with which molar 
refractivities are used.” 

But in the two chapters on molecular paramagnetism and on 
complex compounds are treated the fields which ‘‘have become 
the two most active branches of magnetochemistry,” and have 
become so largely during the last 10 years. The author has wisely 
devoted more than one-fourth of the book to these two chapters, 
and has done a masterly piece of work in condensing so much ma- 
terial into even that space. He summarizes, for example, the 
interesting application of paramagnetism to the determination of 
equilibrium constants and heats of dissociation; the recent work 
on the stability of tri-aryl radicals; Michaelis’ work on semi- 
quinones; Miiller’s work on biradicals; and the work of Pauling 
and Coryell and co-workers on hemoglobin and related com- 
pounds. His treatment of nickel complexes, with which the re- 
viewer is most familiar, is clear, accurate, and complete. 

The book is certainly a most successful and expert reporting of 
the more than one thousand papers on magnetochemistry which 
have appeared between 1934 and 1948, the period which the 
author aimed especially to cover. Moreover, considerable back- 
ground theory is also included in this relatively brief work. 
Furthermore, the reporting of recent work never relaxes into a 
cold catalog of papers and their contributions, but is drawn intoa 
connected account, enriched by the author’s own comments, and 
by his frequent suggestions for further research. 

It seems to the reviewer that no chemical library could afford to 
be without such a book which supplements so expertly the earlier 
works of Klemm, Van Vleck, Stoner, and others. 

HELEN S. FRENCH 


WELLESLEY COLLEGE 
WELLESLEY, MASSACHUSETTS 


PRINCIPLES OF PHYSICAL METALLURGY. Frederick L. Coonan, 
Lieutenant Commander, U.S.N.R., Associate Professor of 
Metallurgy, Postgraduate School, United States Naval 
Academy, Annapolis, Md. Harper and Brothers, New York, 
1944. xi+ 238pp. 187 figs. 15 & 23.5cm. $3.25. 


The stated purpose is to ‘“‘present those fundamentals necessary 
for a general appreciation of the properties of metals and alloys. 
It is an elementary text and has been designed to supply certain 
basic metallurgical requirements for students whose training is 
not directed primarily toward metallurgy, but who require a 
knowledge of the nature and characteristics of the commercially 
important metals and alloys. It is also intended to serve as an 
introductory text for metallurgical students upon which more ad- 
vanced and specialized treatments may be based.”’ 

The first 49 pages are given to the principléspathe second 50 


pages to commercially important nonferrous alloys, and the third 
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135 pages are devoted to alloys of iron and carbon. The treat- 
ment is completely nonmathematical and in the reviewer’s 
opinion the theoretical material is too brief for even the purposes 
of this book. The nonferrous alloys discussed are brass, bronze, 
aluminum, magnesium, nickel, and beryllium alloys. The 
description of these alloys is very good but it is to be regretted 
that more space was not given to the newer light alloys. The re- 
viewer liked best the third section on iron and carbon alloys. 

As a whole the book is very well written and contains many 
excellent photomicrographs. The reproduction of these, and the 
printing as a whole are high class, so that the book is very read- 
able. The author has achieved the aims which he outlined in the 
preface and has compiled a book which can be read with much 
interest by those with no background in the subject. 

A. A. VERNON 


NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


PRINCIPLES AND APPLICATIONS OF ELECTROCHEMISTRY. VOLUME 
I: Princrptes. H. J. Creighton, Professor of Chemistry, 
Swarthmore College. Fourth Edition. John Wiley and Sons, 
Inc., New York, 1948. ix + 477 pp. 90 figs. 14 X 21 cm. 
$5.00. 


The appearance of a fourth edition of this well-known text and 
reference book on theoretical electrochemistry is an adequate 
testimony to its popularity. The 24 chapters of the present 
volume correspond exactly to those of the third edition published 
in 1935. Following upon a short general introduction there is a 
treatment of Faraday’s laws, including descriptions of various 
types of coulometer. The next three chapters deal with the 
classical theory of electrolytic dissociation, and its relation to 
conductance, and a detailed study of the electrolytic conductance 
of solutions. The treatment of the migration of ions is followed 
in a logical manner by a section on electrokinetic phenomena, 
although this requires the use of the concept of potential differ- 
ences which has not yet been introduced. The three succeeding 
chapters deal with the electromotive force of reversible cells of 
various types; it is unfortunate that the old European thermo- 
dynamic symbols, such as A for free energy change, are still em- 
ployed. The treatment of electrolysis, including overvoltage and 
electrolytic oxidation and reduction, occupies two further 
chapters. A description of the application of the law of mass 
action to electrolytic dissociation, following the original method 
of Ostwald, is succeeded by two chapters giving modern views on 
the subject of strong electrolytes. Apart from a final section on 
the electrochemistry of gases, almost the whole of the remainder of 
the book is devoted to various aspects of equilibria in solutions of 
electrolytes; among the topics discussed mention may be made 
of the dissociation constants of acids and bases, the dissociation 
of water, hydrolysis, ampholytes, and solubility product. 

Although the book deals largely with the properties of elec- 
trolytes in aqueous solution, as is to be expected in view of the 
overwhelming preponderance of experimental data in this field, 
there are frequent references throughout to the properties of 
nonaqueous solutions and to fused electrolytes. As already men- 
tioned, there is also a chapter on the electrochemistry of gases, 
but it is doubtful whether adequate justice can be done to this 
subject within the 20 pages allotted to it. Nevertheless, it should 
be evident from the foregoing descriptior that a genuine attempt 
is made in this book to cover the fundamental principles of elec- 
trochemistry, and to illustrate them by reference to conductors 
of various types. 

The author states in his preface that ‘‘in the present edition . . . 
the entire text has been revised’; in some respects the revision 
might have been more drastic with advantage, as the following in- 
stances will show. Remy’s method for the determination of the 
extent of hydration of ions (p. 139) involves the unjustifiable 
assumption that the hydrogen ion is not hydrated in aqueous solu- 
tion. The discussion of the relationship between chemical 
structure and dissociation constants (chapter XVI) is. based on 
ideas that wefeicurrent before the development of modern 
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electronic organic chemistry. In addition, it is doubtful whether 
chapter XX, on the avidity of acids and bases, has any significance 
at the present time. The treatment of ampholytes (chapter 
XXII) is largely based on the older views concerning the structure 
of the aliphatic amino-acids, in spite of the convincing evidence 
that these substances exist mainly as dual ions in aqueous solu- 
tion. 

Teachers of chemistry who have used this book in their classes 
will be interested in the new edition, for it retains all the excellent 
features which have contributed to the popularity of the earlier 
editions. There are many clear figures, tables of data, and 
numerous references to the original literature. Finally, most of 
the chapters are supplied with a set of problems, from the work- 
ing of which students will undoubtedly benefit. 


VoLuME II: AppiicaTiIons. W. A. Koehler, Professor of Chemi- 
cal and Ceramic ‘Engineering, West Virginia University. 
Second Edition. John Wiley and Sons, Inc., New York, 1944. 
v+ 573 pp. 260 figs. 35 tables. 14 X 21cm. $5.00. 


The companion volume to the one reviewed above, dealing 
with the practical applications of electrochemistry, was first 
published in 1935, and the present issue is the second edition. Its 
contents follow closely those of the earlier edition, but there have 
been considerable additions as is evident from the increased 
length of the book. The scope of the work can best be described 
by giving the actual chapter headings; these are as follows: 
Economics of Power Generation; Review of Theoretical Electro- 
chemistry; Primary Cells; Secondary Cells; Electroplating; 
Electroplating Solutions; Electrorefining of Metals; Electro- 
metallurgy (Aqueous Solutions and Fused Electrolytes); The 
Electrolysis of Alkali Halides; Electrolytic Oxidation and Re- 
duction; Hydrogen and Oxygen; Corrosion; Electroanalysis; 
Electric Furnaces (Metallurgical and Nonmetallurgical In- 
dustries); Electronics; Ozone; Atmospheric Nitrogen Fixation; 
Separation by Electrical Means; and Miscellaneous Electro- 
chemical Processes. 

It will be evident from this list of topics that the book is com- 
prehensive in character; the reviewer has been impressed by the 
large number of industrial applications of electrochemistry that 
are mentioned. A detailed treatment of all subjects is, of course, 
not possible, but the inclusion of numerous references, many of 
them of recent date, should assist the reader in obtaining further 
information if required. The discussion of the virtually obsolete 
arc method for the fixation of atomospheric nitrogen is justified 
by ‘‘the inherent features (of the process) that set it apart by 
itself and make it an interesting field of investigation.”” In view 
of the fact that this volume is regarded as part of the same book 
as that by Creighton, which deals with electrochemical princi- 
ples, there is some reason for doubting the justification of de- 
voting some 50 pages to the treatment of theoretical subjects, in 
chapters II and XIV. In any event, this treatment is not too 
strong, and in a future edition much of it should be omitted or 
revised. On page 37, and in a footnote on page 362, reference is 
made to the ‘‘confusion that has existed in regard to the sign of 
the (electrode) potential.’’ Provided there is a clear distinction 
between oxidation and reduction potentials, such as is generally 
made in modern texts, no such confusion exists, but the author 
certainly introduces an element of confusion by a complete re- 
versal of the universally accepted significance of the terms 
“electronegative” and “electropositive’; thus, “zinc is called 
electronegative . . . to iron, iron electropositive . .. to zinc.”” The 
mechanism of the evolution of oxygen from a sulfate solution as 
given on page 172 has now been generally discarded in favor of 
that involving the direct discharge of hydroxy] ions. 

These relatively minor criticisms, however, do not affect the 
main value of the book. It is one of the few works covering all 
the important aspects of industrial electrochemistry in an ade- 
quate manner, and it should find a place in every chemical library. 
A student who does no more than glance through this book can- 
not help but be impressed by the number and importance of the 
applications of electricity in chemical industry. 
S. GLASSTONE 
BERKELEY, CALIFORNIA 
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Editors Outloch 


F YOU want to start a lively argument, in almost 

any company, just pose the question: ‘‘What is 
education?” 

Of course, there will be plenty of controversy on the 
question, ‘“‘What is engineering?” if you ask it in a 
group of engineers; doctors can easily be started off 
on a discussion of the proper extent of the field of 
medicine; and you will get plenty of answers to the 
question, ““‘What is chemistry?”’—if you ask chemists. 

But almost anyone feels that he has a right to offer 
his two-bits’-worth of opinion on the meaning of educa- 
tion. Perhaps this is derogatory to professional 
educators, as a refusal to recognize any monopoly of 
expertness, but be that as it may, it is a fact and shows 
that everyone feels that the question strikes pretty 
close to home. : 

In other words, whatever education ‘s, it is certainly 
not contained entirely within the walls of the primary 
school, the secondary school, the college, or the univer- 
sity. Considered broadly, it involves all the means 
and processes, formal and informal, physical and 
mental, by which the individual is adjusted to his 
environment and fitted to take part in the activities 
of the social world. Why shouldn’t anyone think 
he has the right to express himself on the details of 
such a broad thesis? 

However, it is not our purpose, just now, to stake 
out too much territory, but to limit the question to 
the meaning of chemical education. This will probably 
eliminate from the argument all but the chemists, for 
the question obviously involves a certain appreciation 
of chemistry, concerning which the layman still feels 
pretty hazy, notwithstanding the many efforts made 
to educate him chemically. 

As far as can be made out, the field of Chemical 
Education has never been delineated and it is only 
timidly that the present effort is made. Certainly 
not with the confidence of the four-year-old who was 
industriously drawing a picture. When one of his 
elders came along and asked him what he was drawing 
he answered that he was drawing a picture of God. 
“But,” was the amazed comment, “‘you can’t draw a 
picture of God; no one knows what He looks like.” 
To which the youngster confidently replied: ‘They 
will when I finish this picture.”’ 

Primarily, chemical education is a limited case 
under the general definition given above. It involves 
all the means and processes by which the individual 
is oriented in the field of chemistry and fitted to practice 


the chemical profession. In addition to this, it has a 
supplemental (in the formal case, “‘curricular’’) re- 
lation to general education. Of these two phases the 
former, while the more limited, is inherently the more 
important; the latter diffuses itself over a much wider 
field, even to the point where the chemical implication 
of our title becomes infinitely diluted. 

Every professional field of activity consists of the 
men who practice it, their combined efforts and con- 
tributions, tangible and intangible. It is quite im- 
possible completely to understand the profession with- 
out considering how these men equipped themselves 
with the knowledge, understanding, skill, habits, and 
experience necessary to take part in this activity 
along with others. When applied to the field of chem- 
istry this is chemical education. 

Most of those ‘‘professions’’ generally recognized 
as such, in the effort to fulfill their functions better, 
have established certain recognized procedures or 
routines through which their members must come 
in order to acquire the necessary personal equipment. 
But whether or not it is organized, or formalized, or 
conventionalized, some sort of educative process is 
necessary and inevitable in the nature of things. 

As long as there are people trying to learn something 
about chemistry and do something with their knowl- 
edge there will be chemical education, even if all our 
teachers and schools, with all their contraptions and 
paraphernalia, were swept off the face of the earth. * 

Most ideas and institutions grow from limited 
beginnings to more general conclusions, and the JOURNAL 
OF CHEMICAL EpUuCATION is no exception. One would 
certainly expect to get an accurate idea of the extent 
of the field of chemical education from the contents 
of the JOURNAL, its principal exponent. 

Turning to Volume 1, Number 1, in 1924, we find 
the very first article entitled ““Educating everybody,” 
by E. E. Slosson. With this concession to generality, 
however, the rest of the volume is almost entirely de- 
voted to the minutiae of teaching chemistry, the 
“technique” of chemical education, you might say. 
When it is remembered that both the JouRNAL and 
the Division of Chemical Education arose out of a very 
limited aspect of the subject—particularly the rela- 
tion of high-school to college chemistry teaching—it is 
natural that more pages should be devoted to actual 
classroom topics and the teacher-pupil relation than to 
anything else. Unfortunately, that sort of thing 
lasted long enough to give the impression, far and wide, 
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that that was the whole content and purpose of chemi- 
cal education. 

Suppose we pick another volume from the shelf, at 
random, say Number 7. By 1930 the conception of 
chemical education seems to have expanded somewhat. 
The first article in this volume is ‘“The tung-oil tree.”’ 
Of course, we haven’t entirely forgotten the more 
formal side of things, for we go from this directly to 
“The teaching of electrochemistry.’’ However, our 
vision is no longer entirely intramural. A little later 
“The educational activities of the Mellon Institute’’ 
are considered, and later we read about “The cherrist as 
an expert witness.”’ 

The content of chemical education comes into view, 
for its own sake, not merely as a classroom problem 
or project. “Potash in the United States,’’ ‘‘The 
peanut industry,’’ and ‘‘Printing processes’’ are ex- 
amples of the fact that we need not only to think about 
how we are going to teach but also to a arge degree 
what we shall teach. The criticism has often been 
leveled against ‘‘educationists’” that they think en- 
tirely of the “how” and never of the ‘‘what’’; that 
they believe anyone who knows how can teach any 
subject whatever. Actually, educationists seldom be- 
lieve this, and certainly it has never been a doctrine in 
chemical education. Consequently, it is more than 
fitting and proper that the content of subject matter 
be given a prominent place in the literature of the 
subject. As a matter of fact, it has been recognized 
for many years that the most commonly expressed 
need and interest of the readers of THIS JOURNAL is 
for general, informatory articles which will bring them 
up to date on subject matter in the chemical field. 

From then to the present time each volume shows 
an enlargement of the conception of chemical educa- 
tion. This does not mean that we have forgotten our 
birthright, but that we have grown in understanding 
and comprehension. So that the present number, for 
example, with a collection of papers on the general 
subject of ‘Industrial demands for nonlaboratory 
chemists’ represents an enormous advance from the 
modest origins in 1924. Furthermore, the excellent 
attendance at the session at which these particular 
papers were read is good evidence that when chemical 
education is enlarged to its proper dimensions it fills a 
widespread need. 

The relation of the American Chemical Society to 
chemical education has also undergone a considerable 
development. In Volume 2 of the Journat (p. 229) 
is an article on this subject by the late James F. Norris, 
from which we quote: 


“It is of great importance for the college teacher to become 
better acquainted with the educational problems involved in the 


JouRNAL OF CHEMICAL EpuCATION 


teaching of science in secondary schools. He should learn what 
conclusions have been reached by thoughtful teachers in the 
high schools in regard to the proper course in chemistry to be 
given to their pupils. He should appreciate that the problem 
in secondary education is quite different from his own, and he 
should not set up standards for entrance to college which are 
inconsistent with the best educational policy as applied to the 
many who study chemistry in the high school only. 

“The college teachers of the more specialized branches of 
chemistry will, through the Division of Chemical Education, have 
an opportunity to consider the particular methods of instruction 
best adapted to their own subjects. No one is willing to say 
that we have found the best way to teach analytical, organic, or 
any other division of chemistry. 

‘“‘The teacher in the secondary school should find the Division 
of great value to him. Here he can get the point of view of the 
college, can state his case, and can develop himself in his pro- 
fession.”’ 


This is all very well as far as it goes, but it is al- 
together too narrow a view of the meaning and pur- 
pose of chemical education. It corresponds to a belief 
that all of general education is what goes on within 
schools, totally disregarding such educative agencies 
as the newspapers, the radio, libraries, museums, 
public lectures and discussions, and other institutions 
in our daily lives. 

But the American Chemical Society has gone much 
further in recognizing the import and purpose of chem- 
ical education, in essence if not in name, in the in- 
vestigations it has sponsored and in its public pro- 
grams. The establishment of standards for the train- 
ing of professional chemists, for example, is probably 
the most important project in this field which has been 
undertaken. At least three of the most prominent 
papers given at the last meeting of the Society, before 
its various Divisions, were on chemical education. 
In one of these, by Dr. Walter S. Landis, on ‘‘Criteria 
of the professional man”’ [Chem. Eng. News, 22, 618 
(1944)], the following more enlightened view of chemi- 
cal education appears: 


“Judgment and discretion require a background of most 
profound knowledge. The professional man can never acquire 
too much knowledge. Since education is the one best method of 
acquiring knowledge, it is, therefore, essential that those qualify- 
ing for the professions must continue education after leaving 
college. They must set up a special curriculum fitted to their 
chosen professional field that ever broadens their knowledge. 
The text cannot be discarded with the commencement gown. 
Also a new and broader phase of knowledge enters here. Each 
new fact must be analyzed as to its applicability, limitations, 
potential possible utilization.” 


If we confine our attention to the clock, the class- 
room, and the teacher we will never get the full value 
out of our organized efforts at chemical education, 
and beyond these is a wide, unrecognized area which 
should at least be cultivated, even though we may not 
be able entirely to control its growth. 
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Heike Kamerlingh Onnes 


RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


N 1913 the Nobel prize for physics was awarded to 
H. K. Onnes, professor at the University of Leyden, 
“in recognition of his investigation into the properties 
of matter at low temperatures which led, amongst 
other things, to the production of liquid helium.’ This 
scientific triumph, accomplished on July 10, 1908, was 
the culmination of years of specialized study and de- 
velopment of the necessary apparatus and technique. 
The helium was obtained from monazite sand; 160 
liters of the total supply (200 liters) were kept in re- 
serve. The compressed gas was cooled by means of 
evaporating liquid hydrogen to 15° to 16° absolute and 
then was expanded through a regenerative coil. Most 
elaborate precautions were taken to prevent the influx 
of heat. To eliminate any less volatile gases that might 
freeze and block the tubes, the helium circuit included 
a mass of charcoal cooled to the temperature of liquid 
air. Operations began at 5:45 a.m. with the preparation 
of the necessary liquid hydrogen, of which 20 liters were 
ready by 1:30 p.m. The circulation of the helium was 
started at 4:30 and was continued until the gas had 
been pumped around the circuit 20 times. Not until 
6:30, when the last bottle of hydrogen was used, was the 
surface of the liquid helium perceived by reflection of 
light from below. . 

“Not only had the apparatus been strained to the 
uttermost, but the utmost had been demanded from 
my assistants. But for their perseverance and ardent 
devotion, every part of the program would never have 
been attended to with such perfect accuracy as was 
necessary to render this attack on helium successful. 
It was a wonderful moment when the liquid, which 
looked almost immaterial, was seen for the first time. 
It had not been seen when it flowed’ into the glass, its 
presence was only detected when the receiver had been 
filled. Its surface stood out sharply defined like the 
edge of a knife against the glass wall of the vacuum 
bottle. I was overjoyed when I could show liquefied 
helium to my friend Van der Waals, whose theory had 
been my guide in the liquefaction up to the end.”’ 

“Onnes was too busy on this memorable day to stop 
lor food; his devoted wife sustained his strength by 
placing bits of bread in his mouth from time to time.” 
The critical temperature of helium is —267.9°C., its 
boiling point under atmospheric pressure, is —268.8°C. 
These figures testify to the extent of his excursion into 

' Liquid helium is extremely mobile; no increase in viscosity 
can be detected at even the lowest attainable temperatures. 
Its index of refraction is very low, likewise its surface tension. 
Consequently it is very difficult to detect the liquefaction because 
the meniscus is perfectly horizontal against the wall of the con- 
tainer, like that of a liquid in the vicinity of its critical point. 
Liquid helium shows a capillary rise against the glass wall only at 


evenaree of about 2 mm. of mercury, that is, at temperatures be- 
Ow 2° abs. 


HEIKE KAMERLINGH ONNES 
(1853—1926) 

the realm of ultra-low temperatures. Naturally, 
Onnes was anxious to accomplish the next stage in this 
progress toward absolute zero, namely, the solidifica- 
tion of helium. This same day, he made the first of his 
five unsuccessful attempts. The pressure on the 
evaporating liquid was reduced to 7 mm., but without 
result. Later the pressure was carried down to 0.0013 
mun., the resulting temperature was calculated to be 
0.82° absolute, but ‘‘the helium still remained a thin 
liquid.’’ Keesom, his successor as director of the Ley- 
den Cryogenic Laboratory, produced solid helium on 
June 26, 1926, just a few months after the death of his 
revered chief and teacher.’ 


2 The melting point of helium is usually given as <—272.2° C. 
(26 atm.). 
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Heike Kamerlingh Onnes was born on September 
21, 1853, in the university town of Groningen. He and 
his brothers were raised in a home where ‘‘all was made 
subservient to one central purpose: to become men.” 
His father, owner of a tile factory, had little of the usual 
businessman’s limited outlook. He led the family con- 
versations on a high plane, philosophizing on subjects 
of all kinds. The family was an independent unit not 
much given to social life. They preferred to stay at 
home, reading widely and intensively. Long walks into 
the country were enjoyed together. The importance of 
neat dress was stressed. Diligence, as a cardinal virtue, 
was taught by example, and often when Heike arose at 
five in the summer to prepare his school assignments he 
found his mother busy in the garden. 

He entered the local high school in 1865. The princi- 
pal was van Bemmelen, who later became professor of 
chemistry at Leyden. He doubtless fostered Heike’s 
natural inclinations toward science. The boy matricu- 
lated at the University of Groningen in 1870, and the 
next year submitted the winning essay in a contest 
sponsored by the University of Utrecht. The title was: 
“A critical examination of the methods of determining 
vapor density and of the results obtained thereby, with 
respect to the relation of the nature of the chemical 
compounds and the density of their vapors.” Not yet 
18, he had every reason to exhibit his gold medal with 
pride. 

Deeply interested in both chemistry and physics, 
Onnes was naturally attracted by a man who had done 
outstanding work in both fields. Bunsen was at the 
height of career, and at his side was the great physicist 
Kirchhoff, his associate in the invention of spectrum 
analysis. Onnes was at Heidelberg from 1871 to 1873 
and soon made such a good impression that he was one 
of the two students permitted to work in Kirchhoff’s 
private laboratory. 

Foucault’s pendulum occupied most of his attention, 
and his results were later incorporated in the doctoral 
dissertation that he submitted to the faculty at Gronin- 
gen. This university awarded him a silver medal in 
1872 for the essay he entered in competition. It bore 
the title: “A critical survey of the methods of de- 
termining the quantity of heat liberated by chemical 
reactions and dissociations, and of the results obtained 
by different investigators.” The judges commented 
that the discussion ‘‘contained some serious chemical 
and physical errors but the writer often exhibits great 
ingenuity and resourcefulness.” 

On his return to Holland, Onnes obtained a post in 
the physics department at Delft. Here he began his 
career as teacher and also made an excellent record as 
an independent experimenter. The final stage toward 
his doctorate was his defense, in 1879, of his thesis, 
“New proof of the earth’s rotation.” The examiners 
burst into applause, and, without asking the candidate 
to retire, voted him the degree magna cum laude. 

In 1882, Onnes was appointed to the chair of experi- 
mental physics at Leyden. He spent the rest of his life 
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there, and developed the field in which he became the 
preeminent authority. His choice was quite logical. 
Van der Waals had received his doctor’s degree at this 
same university in 1873 for his thesis: ‘On the con- 
tinuity of the gaseous and liquid states,’ and in 188) 
he published his famous paper on ‘The law of cor- 
responding states.’’ Stimulated by these magnificent 
publications, Onnes became interested in the equations 
of state and the general thermodynamic properties of 
gases and liquids. However, he had the conviction that 
there was greater need for accurate measurements than 
for fresh theoretical developments. Precise measure- 
ments at low temperatures became the core of the work 
in his laboratory. A great celebration was held in 
November, 1908, at Amsterdam to honor these two 
great physicists. They were close friends and each was 
glad to extol the achievements of the other.’ 

The modest quarters available at first were soon out- 
grown and the Cryogenic Laboratory of Leyden came 
into being. It soon became a research center and 
students came from many countries to learn low-tem- 
perature techniques. The constant need for the con- 
struction of new types of special equipment led Onnes 
to found, in 1901, the Society for the Promotion of the 
Training of Instrument Makers. Skilled workers from 
this school became invaluable in laboratories through- 
out the scientific world. 

There was nothing of the flashy showman about 
Onnes; the liquefaction of helium was not a super- 
stunt but the capstone of years of painstaking intelli- 
gent preparation. In the course of his work he de- 
veloped gages for high pressures, methods of measur- 
ing low temperatures and of determining the boiling 
points of liquefied gases. The optical, magnetic, and 
magneto-optical properties of materials at extremely 
low temperatures were of special interest to him. His 
discovery of the superconductivity of metals, that is, 
the sudden disappearance of measurable resistance, was 
of particular importance because of its bearing on the 
theory of electrical conduction in solids. The industrial 
significance of low temperatures increased steadily and 
Onnes, as founder of the ‘Institut international du 
Froid,’ did much to further the bonds between theory 
and practice. 

Honors came to him in well-deserved measure, but his 
greatest joy was derived from the appreciative gratitude 
of his students and coworkers. Of all his titles he liked 
best the respectful appellation bestowed by his inti- 
mate friends “the gentleman of absolute zero.’’ This 
master of experimental physics died on February 21, 
1926. 


3 Van der Waals received the Nobel prize in 1910 for his work 
in connection with the equation of state for gases and liquids. 

4 The well-known periodical, Communications from the Physical 
Laboratory at the University of Leiden, in which many of his 
papers appeared was renamed (1935) Communications from the 
Kamerlingh Onnes Laboratory of the University of Leiden. 

5 Unsuccessful attempts to liquefy helium had been made by 
Dewar (1901), Travers (1903), Olszewski (1905). 
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Entropy and Free Energy 


W. F. LUDER 


Northeastern University, Boston, Massachusetts 


N THE last few years several articles have appeared 
in THIS JOURNAL dealing with the problem of pre- 
senting thermodynamics to students who are approach- 
ing the subject for the first time (1-4). The abundance 
of such papers would seem to indicate that many 
teachers of thermodynamics are not entirely satisfied 
with any of the various elementary presentations avail- 
able. In his own experience the present author has 
found that the students too, especially the more bril- 
liant ones, are not satisfied by any of the texts. The 
primary difficulty seems to lie in the discussion of the 
free energy change of the system, the total entropy 
change, and the relationship between them. As a re- 
sult, the author has developed his own method of teach- 
ing this portion of the subject, which he presents here 
not as a final solution of the problem, but for discussion 
and such amendment as may be found necessary as it is 
tried by others. 

A clear explanation of three fundamental ideas is re- 
quired: (1) a general proof that the total entropy 
change of system and environment is positive for a 
spontaneous process at constant temperature; (2) a 
simple derivation of the free energy functions and a 
demonstration that the free energy change of the 
system is negative, for a spontaneous process at con- 
stant temperature; (3) a demonstration of the relation- 
ship of total entropy change to free energy change and 
the reason why the latter rather than the former is used 
by the chemist as an equilibrium condition. 

The lack of a clear understanding of these three 
fundamental ideas is the cause of much confusion. For 
example, in one of the most recent thermodynamics 
texts (5) the author in discussing the relationship be- 
tween AF, AH, and TAS makes the statement that the 
principle of entropy increase in spontaneous reactions at 
constant temperature does not necessarily apply except 
when the energy and volume remain constant! Another 
stumbling block for the student is the statement that, 
in calculating the entropy change of the environment 
when a spontaneous change occurs in the system, the 
heat absorbed by the environment must be absorbed 
teversibly (6). Under the conditions which are of 
interest to the chemist, we shall see that the question as 
to how the heat given up by the system is absorbed by 
the environment is irrelevant. 

This paper is an attempt to present the three funda- 
tentals by means of a comparison of the spontaneous 
and reversible processes between the same two states. 
Their presentation in this form has not been seen else- 
where by the author. 


l. TOTAL ENTROPY CHANGE AT CONSTANT TEMPERATURE 


The conventional presentation of entropy begins with 


a discussion of the Carnot cycle. Historically the defini- 
tion of the entropy change of a system during any proc- 
ess between two states as the heat absorbed during a 
reversible process between the same states did originate 
with Clausius in this way. But this association is un- 
necessary, as Lewis and Randall have shown (7). 
Furthermore, it is objectionable for two reasons: first, 
it is apt to lead to confusion as to the conditions under 
which the entropy change is positive (5); second, too 
much emphasis on the Carnot cycle tends to obscure 
the logical development of the relationships between the 
free energy change and the entropy changes during a 
process. 

Let us minimize this association of entropy and the 
Carnot cycle by simply stating briefly the historical 
origin of the equations 


dS = “ae (for the system) (1) 


AS = a (for the system at const. T) (2) 


An alternative method could be to follow Lewis and 
Randall (7) and not even mention the Carnot cycle. 
The conventional presentation would next proceed to 
consider some special case showing that the entropy 
change for that particular spontaneous process is: posi- 
tive and then state that the same can be shown to be 
true for any other special case. 

Let us consider any change occurring at constant 
temperature between the same two states by two differ- 
ent paths, one reversible and one spontaneous. Take, 
for example, the transformation of a mol of zinc to a 
mol of zinc ions by reaction with copper sulfate. This 
reaction can be carried out reversibly in a Daniell cell. 
It will proceed spontaneously upon mixing the copper 
sulfate and the zinc, or by operating the Daniell cell so 
as to draw current from it. Assume that the activity of 
the CuSO, and ZnSO, solutions is one, that the tem- 
perature is 25°C., and that 

AE — 51,400 cal. 


qr = —330 cal. 
E® = 1.107 volts 


so that from the equation w, = nFE° 


w, = 51,070 cal. 


This example is used only for illustration. The equa- 
tion developed will be general. 

Using the First and Second Laws, the fact that £ (the 
internal energy of the system) is a property of the 
system, 7. e., a characteristic function, and the fact that 
w, is the maximum work done by the system (in the 
reversible process) it is possible to show that the total 
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entropy change is positive for a spontaneous process at a 
constant temperature as follows: According to the 
First Law 


AE, = ds — Ws (3) 


for a spontaneous process, or in particular for the spon- 
taneous production of one mol of zinc ions. Also 


AE, = Gr — Wr (4) 


for a reversible process, or in particular for the reversible 
production of one mol of zinc ions. Since E is a 
characteristic function 


for a change between the same two states. 
Hence 


Gr — Wy = Ge — (6) 


or 
dr—-Q =U,—-w. >0 (7) 


since w, > w,. Since w, is the work that might have 
been done in a reversible process and w, is the work 
actually done by the system in the spontaneous process 


W, — W, = energy wasted in the spontaneous process at 
const. T (8) 


This is true because, according to experience as sum- 
marized in the Second Law, when heat is evolved at con- 
. stant temperature none of it can be converted to work at that 
temperature. As equation (7) shows, the amount of heat 
evolved in the spontaneous process is greater than that 
evolved in the reversible process. (This is equivalent to 
q, > qd, where g, and g, represent heat absorbed by the 
system). Even in the reversible process a small amount 
of heat is likely to be evolved (opposite in sign if ab- 
sorbed). This heat cannot be converted to work at 
constant temperature, so according to equation (7) 
it is the extra heat evolved (g, — q,) that is wasted in 
the spontaneous process at constant temperature. 
To illustrate, assume the Daniell cell to be operating 
a motor loaded so that the voltage of the cell falls to half 
its reversible value. Then in this spontaneous process, 
w, = 25,535 cal. (assuming w = p Av is neglible) and 


Gr — Js = Wr — Ws = energy wasted in spontaneous process (9) 


becomes (using AF, = g, — w, to get q,) 


—330 + 25,865 = 51,070 — 25,535 = 25,535 cal. wasted (10) 


If the terminals of the cell are shorted so that no work is 
done, equation (9) becomes 


— de @= Wr — We 


qr 
—330 + 51,400 = 51,070 — 0 = 51,070 cal. wasted (11) 


To continue with the general case, divide equation (9) 
by T 


(energy wasted) . 


(12) 





but 
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and since heat evolved by the system is heat absorbed B proc 
by the environment to tk 
the e 
—gs (system) = g, (environment) (13) 
Then defining (discussed subsequently) 2 
n 
q (env) as a4) in th 
such 
we have and . 
a as Now! 
* 7 * = ASiystem + ASenv. = AStotal (15) of th 
total 
and we see that for a spontaneous process at constant § expla 
temperature the total entropy change of the system and § dynai 
environment equals the energy wasted in that process § math 
divided by the absolute temperature. This energy could Co: 
have been used in a reversible process, but was not, so  spont 
the opportunity is lost forever. Energy has become iso- § ture. 
thermally unavailable and the entropy of the universe § thing 
has been increased. Mathematically the increase in § useful 
entropy can be shown as follows: Since w, > w,, and 
T is positive 
Wr — We ys For e: 
ltd 16 B shorte 
and we see that cata. 
equat 
AStotat > O (17) 
AStota 
for any spontaneous process at constant temperature. 
For the Daniell cell operating according to equation (10) ithe 
AStotat = ASeystem + ASenv. = at = = 2a = ee 
85.7 cal./degree 
The common statement that in calculating the total § or 
entropy change, heat absorbed reversibly must be used 
for the environment as well as for the system, we see 
from equations (12) and (15), is unnecessarily mislead- — where 
ing. The important thing is the energy wasted, whichis But wv 
given by vw’, = 
Wr — We = Gr — Qe 
or 
energy wasted = extra heat evolved The to 
equal 1 
According to the First Law, any heat evolved in a spon § A//, pl 
taneous process greater than g, is at the expense of work B of the s 
that might have been done by the system. The Second Let 1 
Law forbids conversion of any of this extra heat into use B 0 we ha 
ful work at constant temperature once it has beet 
evolved. Whatever the number of calories evolved by 
the system the same amount will be absorbed by the but 
environment. Whether this heat is absorbed by the 
environment reversibly has nothing to do with the 
situation. Perhaps this can be emphasized more ‘° that 
strongly by referring again to equation (15) 
where, if proper attention is given to the signs of g, and ‘ 
where ¢ 





q., AS total will always be positive for a spontaneous 
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process at constant temperature. Both q, and gq, refer 
to the system. Actually there is no need to consider 
the environment at all. 


Il. FREE ENERGY CHANGE AT CONSTANT TEMPERATURE 


In practically all discussions of the functions F and A 
in the literature, they are abruptly introduced by some 
such statement as: “Let us define two new functions F 
and A such that F = H — TS and A = E — TS.” 
Nowhere does there appear to be any direct explanation 
of the very close relationship of these functions to the 
total entropy change. Yet it would seem that such an 
explanation is essential to an understanding of thermo- 
dynamics which will go beyond familiarity with its 
mathematical manipulations. 

Consider the total entropy change in an “unopposed” 
spontaneous process at constant pressure and tempera- 
ture. By “unopposed” we mean unopposed by any- 
thing except the pressure of the atmosphere, 7. e., the net 
useful work w’ = 0 in the equation for total work, 


w=w' + pdv (18) 


For example, when the terminals of the Daniell cell are 
shorted the useful work is zero, w’, = 0. The total 
entropy change for such a spontaneous process is, from 
equation (15) 


Wr — Ws 


AStotat = ASsystem + ASenv. = F (const. p, T; w’, = 0) 


which according to equations (2), (13), and (14) be- 
comes 


AS ae (system) _ 4s (system) _ Wr — Ws 
total T T = i 





(19) 


T AStotat = dr — ds = Wr — Ws (20) 
where g and w in each case now refer to the system. 
But under the conditions of constant p and JT and 
w’, = 0, gq, = AH and we may write 


T AStotat = T ASiysten = AH system We = We (21) 


The total increase in isothermally unavailable energy is 
equal to the decrease in total energy of the system, 
AH, plus the increase in isothermally unavailable energy 
of the system, T’ AS,ysiem, in this spontaneous reaction. 

Let us examine the value of w, — w,. Since w’, = 
0 we have 


w, = w’, + pdv = pdv (22) 


but 
w, = w’, + pdv (23) 
so that 
Wr — We = w', (24) 
So equation (21) becomes 
TAS = TAS — SH = w', (25) 


Where all terms except the first refer to the system. 


267 


From this equation we see that the increase in iso- 
thermally unavailable energy in the spontaneous process 
at constant p and 7, w’, = 0, is equal to the maximum 
useful work which might have been obtained from the 
change if it had been carried out reversibly. 

This increase in isothermally unavailable energy 
means that the isothermally available energy of the 
system has decreased during the change. Since 
T AS pia = wv’, where w’, is the maximum net useful 
work, this decrease in isothermally available energy of 
the system is referred to as a decrease in the ‘‘free 
energy’’ of the system. Therefore, we may write 


= AF ystem = w’, = TAStotal (26) 


for an unopposed spontaneous process at constant 
temperature and pressure. This equation serves as a 
definition of AF. From equation (25) we see that 


AF = AH — TAS = —w’, (27) 


at constant pressure and temperature. Since H and S 
are characteristic functions, F is also. So AF has the 
same value for the same change whether the process is 
carried out spontaneously or reversibly. Since F is a 
characteristic function we may define F as a property of 
the system and from (27) write 


F=H-TS (28) 


From equation (26) we see that AF is negative for a 
spontaneous process at constant pressure and tempera- 
ture since we have already shown that AS,, is posi- 
tive for any spontaneous process at constant tempera- 
ture. 

By following a similar line of reasoning for an unop- 
posed spontaneous reaction at constant volume and 
temperature we arrive at the equation 


T ASiia = TAS — AE = vu, (29) 


where all terms except the first refer to the system. 
Note that this time TAS,.; = w,, the total work. 
The increase in isothermally unavailable energy means 
that the isothermally available energy of the system has 
decreased during the change. Since w, is the total work, 
this decrease in the available energy of the system is 
called a decrease in ‘“‘work content” of the system. So 
we write 
= NA ten = w, = TASwotat (30) 
for an unopposed spontaneous reaction at constant 
volume and temperature, or 
AA = AE — TAS = —w, (31) 
at constant volume and temperature. A is a charac- 
teristic function because E and Sare. Therefore, 
A=E-TS (32) 
From (30) we see that A is negative for a spontaneous 
process at constant volume and temperature. 
III. ENTROPY AND FREE ENERGY 


The previous discussion has emphasized the ideas ex- 
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pressed by the equations 


qr (system) 
T 


y de Come.) | — SH aystem 
‘x z 


= ASsystem anc 


under the conditions for which the equation 
AF = 4H — TAS 


holds. Since the heat absorbed by the environment de- 
pends upon wha: is happening in the system, there is no 
point in considering the environment at all. It only 
introduces an unnecessary complicating factor. There- 
fore, the free energy is simpler to deal with and so is 
used in developing the equilibrium conditions. 

Perhaps this can be further emphasized by combining 
equations (26) and (27) 


SF = SH -TAS = —-w’', = T AStotat 


Of course the whole equation is true only for the un- 
opposed spontaneeus process at constant pressure and 
temperature. But since the value of AH is fixed (as well 
as AS) under these conditions, F is a characteristic 
function. Usually Sjia is not, since in general g, is not 
fixed by the initial and final states of the system. 

Some numerical examples may help to make clearer 
both the relationship between free energy and entropy 
and the reason why the chemist is not much interested 
in total entropy changes. Referring to Table 1, we 

rABLE 1 (5) 

AH ° 2% T AS° x 
— 26,394 + 6,393 
—94,030 + 209 
— 67,636 — 6,184 
—68,318  —11,625 
—17,876 — 5,772 


AF° 2s 
- 32,787 
— 94,239 
— 61,452 
— 56,693 
~ 12,104 


Reaction 

C (gr) + 1/20 (g) = CO (g) 

C (gr) + Or (g) COn(g) 

CO (g) + 1/2 O2 (g) = COs (g) 

Hz (g) + 1/2 Or (g) = H20 (1) 

C (gr) + 2He (g) CHi (g) 
note that AS may be positive or negative while AF is 
negative in all five reactions. These are all spontane- 
ous reactions at 25° and 1 atm. since AF is negative. 
The sign of AS has no particular significance here since 
it is the entropy change of the system only. This is a 
point sometimes overlooked even by textbook authors 
(5). Itis not the entropy change of the system, but the 
total entropy change which is a criterion of a spontane- 
ous process. Actually the total entropy change for the 
unopposed spontaneous process is positive as will be 
seen from calculations using either equation (15) or (25). 

Using the third reaction as an example and remember- 
ing the conditions, 7. e., unopposed spontaneous reac- 
tion at constant pressure and temperature 


AStotat = ASsystem + ASene- 


but 


- A seston -_ — 67,636 


ASen. = —“F 298 





+67,636 ~ 6,184 _ +61,452 _ 


ASteat = ————“998 298 


Note that according to equation (26) | 
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en sft = AStotat 
in all five of the examples. 

For the chemist, the system in which a chemical 
reaction may be going on is of principal interest. Since 
in this case it is umnecessary to consider the environ- 
ment, the chemist finds it more convenient to use the 
free energy rather than the total entropy change as a 
criterion of a spontaneous reaction. 


SUMMARY 
Comparing a spontaneous process with a reversible 
one between the same two states we have shown that 


Wr — We 


AStotat at T 


>0 (33) 
for any spontaneous process at constant temperature. 
This is the first of the three fundamentals: a general 
proof that the fofal entropy change is positive for a 
spontaneous process at constant temperature. Equa- 
tion (33) also emphasizes the connection between total 
entropy change and the energy wasted in the spontane- 
ous process. 

The second, a derivation of the free energy function 
and the condition that the free energy change of the 
system is negative for a spontaneous process, is sum- 
marized by the equation 


—AF = TASwa = w', = TAS - AH=q—q (34) 


for an unopposed spontaneous process at constant pres- 
sure and temperature. This equation supplies a logical 
definition of free energy, gives the relationship between 
the total entropy change and the free energy change in 
the unopposed spontaneous process, and shows that AF 
is negative for a spontaneous reaction at constant pres- 
sure and temperature. 
The third can be summarized in the equations 


AStotat = ASsystem = ASene- = 
ae! cage eee fe er 
F r (in general at const. 7) (35) 
AH — TAS = —w’, = T AStotat 
(w’, = 0; p, T = const.) (36) 


AF = 


which show that the chemist has nothing to gain by 
considering the total entropy change. Since it is the 
wasted energy or the extra heat evolved by the system 
that is significant, attention is centered on the free 
energy function instead. 
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ymposium on Industrial Demands 


Noulaboratory Chemists 


Introductory Remarks 


ROY E. HEATH 


Wyandotte Chemicals Corporation, Wyandotte, Michigan 


OW often do we hear that we are in ‘““The Chemical 
Age,” ‘‘The Plastics Age,’’ “The Age of Molecules 
Made to Order’’? Each such appellation implies an in- 
creasing demand for chemists. Synthetic fibers, dyes, 
medicinals, and rubber have glorified the chemist. 
Pictures of intricate apparatus, Nobel Prizes, writings 
of De Kruif, Haynes, Ratcliff, and others as well as 
company advertising have romanticized laboratory 
work, It isno wonder so many ‘‘want to be chemists.” 
Unfortunately, some of chemistry’s publicity: has re- 
sulted in a slightly displaced equilibrium. Even today 
part of the general public and some students starting 
their studies think of a successful chemist as a highly 
respected but long-haired or goateed type laboratory 
curiosity so often publicized in certain advertisements. 
The opinion has often been expressed that college teach- 
ers and students do not appreciate the necessities and 
opportunities for chemists in such nonlaboratory posi- 
tions as management, sales, market research, market 
development, technical service, advertising, editing, 
patents and trademarks, accounting, and purchasing. 
Of the 36 activity classifications given by Chemical and 
Metallurgical Engineering? in a table entitled ‘How 
chemical engineers can be absorbed in the postwar in- 
dustrial set-up,’ at least 15 are nonlaboratory classifi- 
cations. 

When a new product is developed in the laboratory 
it becomes necessary for management to decide if a 
profit can be made by producing and selling it. Market 
research, market development, or some group perform- 
ing the functions of these departments must estimate 
how, when, where, and how much of the new product 
can be sold. Surprisingly enough, it is entirely possible 
that he who estimates market potentials must have a 
good knowledge of chemistry. Suppose that it is de- 
cided to sell the product; advertising must help intro- 
duce it to the trade. Here again chemical training is 
significant—an advertising man’s familiarity with Wil- 
liam James, Shakespeare, or Bach contributes little to 
his understanding of chemical nomenclature. Sales- 
men must have varying degrees of chemical under- 
standing depending upon the complexity of the prod- 
ucts. Once the sale is made, technical service must in- 
sure the successful use of the product. 


1 Presented before the Division of Chemical Education of the 
American Chemical Society, 107th meeting, Cleveland, Ohio, 
April 3, 1944. 

* Chem. & Met. Eng., 51, 126 (March, 1944). 


Market research and market development depart- 
ments are destined to employ significant numbers of 
chemists and chemical engineers in the postwar 
world. A vice-president of a large corporation has said 
that he would not be surprised to see his company’s 
market research staff equal its research department in 
size. Discussion is limited on market research and 
market development functions because of the possi- 
bility of a complete symposium on these subjects. 


Fundamentally there is nothing new about market 
research or market development. Before separate de- 
partments were established, the functions were per- 
formed by management, sales, and research. The 
increasing complexity of the chemical world has re- 
sulted in establishing separate departments delegated 
with the responsibilities for studying the relative posi- 
tion of the company and the products of the company 
in the competitive world as well as the future poten- 
tialities of both old and new products. Information is 
collected from sales, technical service, research, the 
chemical literature, and statistical data. The accumu- 
lated facts are used in determining use potentials for 
both old and new products. 

The differences between the functions of market re- 
search and market development are not clear because 
they vary from company to company and within one 
company they can vary from week to week. If a dis- 
tinction must be made let us call market researchers the 
“show girls of the industry’’—they live by their figures. 
A more complete knowledge may be required in market 
development. 

Market research and market development report to 
sales, research, or management, depending of course 
upon the company. Regardless of which department is 
reported to, close contact is maintained with most of the 
divisions of the company. Advertising managers look 
to market research and market development for ideas 
and help in planning their schedules. Accounting sup- 
plies statistical data on the company’s products. Produc- 
tion must be consulted when formulating any plans for 
the future. Research wants rough market estimates be- 
fore starting on many problems. The field offices are 
rich sources of information and the market man must 
travel periodically in order to contact these offices. 

At least 30 large companies, probably many times this 
number, have organized groups carrying on market re- 
search and market development activities. Some of 
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these groups, even in relatively small companies, have 
25 to 30 employees. The men directing these activities 
are imaginative individuals chosen from sales, research, 
accounting, technical service, and from educational in- 
stitutions. Some have chemical degrees, B.S., M.S., 
and Ph.D.; others are business administration majors; 
still others are graduate engineers; liberal arts students 
can be found in such positions as well as graduates from 
the school of hard knocks. Tomorrow the new em- 
ployees of these departments will be imaginative, eco- 
nomically-minded technical graduates. 

The objective of this symposium is not to tell educa- 
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tors how to educate. It is our opinion that a better 
understanding of industry’s nonlaboratory positions 
will lead educators to make any needed adjustments 
Some industrial organizations have found it desirable 
to operate training programs, and we believe that you 
will be interested in their curriculum. Recently a se- 
ries of courses for training salesmen has been intro- 
duced here in Cleveland; this will be discussed. So 
that you will not conclude that it is easy to start a 
“sure-fire’’ course to train people for such work, some 
of the pitfalls you might encounter are also to be pointed 
out. 


Technical Service 


C. W. RIPPIE 
Diamond Alkali Company, Pittsburgh, Pennsylvania 


HIS symposium appears to be the first one con- 

ducted by the Chemical Education section to con- 
sider the industrial demands for nonlaboratory chemists. 
It is interesting to note that industrial men have pre- 
sented papers in this section during the past several 
years to point out the demands of industry for certain 
types of training so that educators would have a better 
picture of the duties of the professional laboratory 
chemist. When the chemist has extensive experience 
in the manufacture of products, some companies trans- 
fer or promote such adaptable technical men to non- 
laboratory positions to assist the sales development of 
these products. On the other hand, some companies 
obtain advantages in sales service by selecting trained 
men experienced in the industry which use their 
chemical products. Most nonlaboratory men come 
from these two sources, since academic training is usu- 
ally not sufficient although essentially basic for satis- 
factory accomplishments. 

Technical service may be defined as all kinds of assist- 
ance given the customer by the producer of a chemical 
product. As many different interpretations and activi- 
ties come under technical service as there are com- 
panies which employ this method of introducing and 
assisting the consumption of their products. Broadly 
speaking, the technical service of the chemical producing 
compatiy cooperates with its customer on the commer- 
cial application of products in order to promote and to 
maintain business. 

The duties of technical service men include all activi- 
ties that the manufacturing and sales departments of a 
company do not normally include for the benefit of the 
customer. Such activities of the manufacturing de- 
partment are concerned with the quality, unloading, 
and storage of the product, which contribute to the 
satisfaction of a customer. Factory men concerned 
with these activities are best qualified to improve plant 
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operations to handle these problems. All other tech- 
nical service duties pertain to sales development work 
connected with the sales department. Since the sales 
division is usually the only contact with the consumer 
it is quite natural that the sales department is the 
first to know what problems are submitted by the cus- 
tomer; so sales departments usually supervise all activi- 
ties of technical service. Accordingly, the manufactur- 
ing and laboratory divisions cooperate with sales 
through the nonlaboratory chemist to give the neces- 
sary assistance requested or offered relative to quality, 
shipment, or consumption of the product. 

In order to illustrate such duties of technical service 
for the educators the following examples are drawn 
from industrial experience so that some phases can be 
appreciated in this service field. The sales department 
of a large chemical company found that their tonnage of 
caustic soda was decreasing in the petroleum refining 
industry. The sales department investigated the causes, 
found that more economical treating processes were re- 
ducing the use of caustic soda, and that their labora 
tory did not have the necessary experience in the 
application of caustic soda to meet these competitive 
conditions. Therefore the chemical company ap- 
proached the management of a major petroleum refit: 
ing company in order to obtain experienced and chemi 
cally trained personnel who could assist in the sales 
development of caustic soda in the petroleum industry. 
This exchange of personnel maintains good relations 
between industries. Here is an example of the way 10 
which technical service personnel is developed and to- 
day supplies many specialized men in all industries. 

It is generally recognized that competitive quality 
products seek some marginal difference so that the 
purchaser prefers one brand in the markets. The non- 
laboratory chemist worked out this marginal difference 
by finding out how caustic soda could reduce the costs 0! 
treating processes and thus gain sufficient favor among 
oil companies to merit their caustic soda business. 

The nonlaboratory chemist knew the first published 
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paper (1) which reported the reasons that certain sulfur 
compounds inereased the costs of treating gasoline. 
It was known that caustic soda treatment of gasoline 
removed some of these sulfur compounds but no analyti- 
cal test was available to determine what percentage of 
sulfur compounds could be removed. A modified pro- 
cedure was then worked out to show the efficiency of 
caustic soda removal of sulfur eompounds and thereby 
decrease the over-all treating costs of gasoline. 

Technical service carried this advantage of caustic 
soda treatment to oil refiners by field trips, papers at 
meetings of oil refiners, and by promoting the installa- 
tions of commercial operating plauts. The nonlabora- 
tory chemist assisted the technical staffs of the oil 
companies to evaluate the application of caustic soda 
and to design suitable equipment to reduce treating 
costs of gasoline. For example, savings of caustic soda 
treatment of gasoline were calculated as so many dollars 
per thousand barrels of gasoline, based on laboratory 
and engine tests. The payout time of such caustic 
soda treating plants of gasoline was favorable enough 
to influence the purchase of caustic soda among an in- 
creased number of oil refiners. The sales of caustic 
soda more than doubled in the competitive market over 
several years so that technical service paid dividends 
to this chemical company which was formerly losing 
tonnage and profits in the oil industry. It is apparent 
that the educators should provide souid analytical 
chemical training so that cost estimates can be based 
on percentages of chemicals consumed in an industrial 
operation. 

Another exampJe of the industrial demand for the 
nonlaboratory chemist came to light when the sales 
department was not able to adapt flake potassium 
hydroxide to drying compressed air in the manufacture 
of oxygen gas. This industry used walnut-size potas- 
sium hydroxide successfully but found trouble with 
flaked potassium hydroxide in the drying towers. 
The sales department turned this problem over to the 
technical service department which investigated the 
drying of gases (2). The application of perforated 
plates to support flaked potash in the drying towers 
eliminated the trouble and increased the former plant 
operating cycle from one week to four weeks. An acid 
titration with phenolphthalein and Congo red indicators 
was adopted to control the alkali solution used for re- 
moval of carbon dioxide from the air prior to flake 
potash drying operation. The savings of chemicals 
and the increased cycle of plant operation resulted in 
customer preference for flaked potash. Here again the 
educator recognizes the same type of training for criti- 
cal evaluation of a process based on accurate analytical 
data of the operation. 

Some companies maintain a technical service labora- 
tory in which the technical service men carry out the 
field problems for their customers. On the other hand, 
some companies prefer to submit field problems to 
their regular laboratory organization and issue reports 
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through their technical service departments. The gen- 
eral idea is to correlate the laboratory experience of 
both the chemical producing company and the customer. 

The size of the field of technical service is increasing 
with the number of chemical producing companies in 
the country. Both heavy and fine chemical manufac- 
turing companies maintain some type of technical serv- 
ice for their customers. One large chemical manufac- 
turer has a technical service department of over a 
hundred men who develop new fields of application of 
the products produced by the research department. 
Another chemical company maintains a technical serv- 
ice staff which works in the plant or laboratories of their 
customers. 

The wide latitude of the field of operating technical 
service is thus seen in these two companies. The editor 
of Industrial and Engineering Chemistry reported to 
several sections of the American Chemical Society that 
the technical man must now contribute to sales and 
service as well as to research in the chemical industry. 
The respective success of a chemical company necessi- 
tates a sales-minded service group. A recent editorial 
(3) estimates that the present demands of chemical 
engineers for the technical service will increase in post- 
war chemical industries. 

Recently, technical service representatives of chemi- 
cal producing companies met to exchange ideas and to 
discuss general typical problems of mutual interest. 
These discussions included specific examples of tech- 
nical service in all the phases of development of a given 
product from the laboratory to sales application. 
Such meetings provide personal contacts through the 
chemical industries which may develop many benefits 
for the company. 

Competitive conditions in the industry favor in- 
creased trained personnel in the chemical producing 
industries. Gradually these men may become a part 
of the regular sales staff to continue sales contacts for 
the benefit of the company as well as themselves. Re- 
cently one chemical company transferred several chem- 
ists as nonlaboratory purchasing representatives to ob- 
tain the best possible products on the markets and to 
contact trained sales representatives of their suppliers. 

Sales personality is an essential requirement of tech- 
nical service personnel to contact the technical staff of 
consuming companies. Such men are usually paid more 
than corresponding laboratory positions in order to 
attract qualified personnel. 

In conclusion, it is hoped that educators may evaluate 
more favorably the field of technical service as a career 
for nonlaboratory chemists in the manufacturing and 
selling of chemical products in American industries. 
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Chemical Editing’ 


SIDNEY D. KIRKPATRICK 
Chemical & Metallurgical Engineering, New York City 


FTER a year as a graduate assistant in the old 
Illinois State Water Survey I was promoted to 
become ‘‘Assistant Chemist and Editor.” The and 
Editor part of the title was the idea of our former A. C. 
S. president, Dr. Edward Bartow, who discovered that 
he had a drawer full of unpublished manuscripts, and 
his annual report to the Governor was a month overdue. 
I was glad to pitch in and help for I, too, had made a 
discovery. I had found that what had been a hobby in 
high school and a not unprofitable extra-curricular ac- 
tivity in college had a marketable value in the chemical 
world. People who were too busy to write reports, or 
would put them off as laborious drudgery, were willing 
to pay real money to have someone help them express 
their thoughts. 

Note that in my title there was ‘Assistant’ before 
“Chemist,”’ but no similar qualification described my 
job as ‘“‘Editor.”’ So, from choice, I quickly graduated 
from the laboratory where there were a half dozen 
“assistant chemists,’ and moved into the Director’s 
outer office where there was only one editor, and I was 
it. I really had a lot of fun and satisfaction out of my 


job until the boss went overseas as Major Bartow (later 
Lieutenant Colonel) in the Sanitary Corps, A. E. F. 
Next, I drifted or was drafted into a job with Dr. 
Grinnell Jones (of Harvard) in the U. S. Tariff Com- 
mission, and the first thing that was dumped on my 
desk was a mass of questionnaires that needed compila- 


tion, interpretation, and prompt publication. So I 
had the honor of writing ‘Tariff information survey 
no. 1,’’ and of helping on that first ‘‘Census of dyes and 
coal-tar chemicals.’ Much better ones have since 
been written and edited, but there is some satisfaction 
in having been in at the beginning. 

Other jobs came along in due course, and in each I 
found that even though some of my laboratory friends 
were inclined to make rather slighting remarks about 
graphite-cellulose chemists, nevertheless there were 
always fertile fields awaiting editorial cultivation. 
Significantly, the fellows that seemed to be getting 
ahead fastest and farthest were those that developed 
the habit of expressing themselves clearly and convinc- 
ingly in both oral and written reports. They early 
learned that the way to learn to write is to write. In- 
stead of putting it off as so much drudgery, the writing 
of their reports was welcomed as an opportunity to clar- 


1 Presented before the Division of Chemical Education of the 
American Chemical Society, 107th meeting, Cleveland, Ohio, 
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ify their own thinking and, therefore, to make their 
work more effective. 

Apparently this paper started out to be an autobiog- 
raphy and has now degenerated into a sermon on oral 
and written expression. Neither was so intended. 
Rather, I merely wanted to use my own humdrum ex. 
periences to emphasize, if I could, that some chemical 
editing is or should be a part of every technical man’s 
stock in trade. And the better editor he is, the better 
he is able to express himself, the greater will be his op- 
portunity to get ahead in his chosen profession. 

I was asked to say something about the field for edi- 
tors with chemical or chemical engineering training. 
One thinks immediately of the chemical and chemical 
engineering journals, but there are only eight or ten of 
them which employ full-time editors, so that particular 
field is rather narrow and specialized. I doubt if there 
are more than 50 or 60 graduate chemists or chemical 
engineers so employed. On the other hand, there are 
perhaps a couple hundred chemical editors when you 
broaden the field to include the trade and technical 
journals in process industries, such as petroleum, paper, 
paint and varnish, foods, and textiles. An even larger 
group will be found in the company publicity and ad- 
vertising departments where their duties often include 
the editing of house organs (of which there are thou- 
sands), and of company catalogs, the preparation of news 
releases, and, occasionally, even the ghost writing of 
speeches and books. The Editors’ Union, if there is 
any, would probably classify some of these as techni- 
cians and subprofessionals. 

So far I’ve been talking about professional editors. 
How about the amateurs? They are the ones in my 
opinion who can do the most good for themselves and 
for the chemical profession. There’s scarcely a job in 
chemical industry that could not be made a little more 
satisfying and profitable if its occupant could develop 
the ability to tell the world about it. Chemical editing 
begins at home. It’s part of everybody’s job. 

Therefore, I think it is a mistake to urge that the 
chemistry and chemical engineering departments o/ 
our universities should set up auxiliary courses in 
chemical journalism. There are too many diversions 
already. The important thing, it seems to me, is to 
make certain that the student gets his fundamental 
scientific and engineering training, but at the same time 
is taught that their value to him and to the profession 
will depend to a considerable extent on his ability to 
express his thoughts in a clear, concise, and convincing 
manner. 
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Selling Fine Chemicals 


F. C. RENNER 


Monsanto Chemical Company, St. Louis, Missouri 


ELLING chemicals in the postwar world isn’t 

going to be a snap. Merely being able to pro- 
nounce with confidence and clear diction long-named 
chemicals, being a good fellow, and writing orders will 
be out of date. The last few years prove this. The 
increased complexity of problems facing industrial 
and sales management, the approach of a period filled 
with severe competition, and expanding social controls 
are clear signals to business men of some of the ob- 
stacles they will meet in the postwar world. 

In the chemical industry, manufacturers and sales- 
men of fine and heavy chemicals are faced with the 
grim necessity of applying all the new tools of manage- 
ment and then going and making up some more. 

This is absolutely essential in order to give employ- 
ment to over ten million returning service men and 
women who we presume left some civilian employment. 
Then, add to that the necessity for taking up the slack 
of inevitable unemployment during the transition 
from war orders to peace needs. 

Volumes are being written on postwar planning. All 
authors have one thing in common—namely, emphasis 
on full employment. Too frequently they display the 
misconception that jobs are the result, not the cause of 
production. The goal of more and better jobs, there- 
fore, must be achieved by planning reasonable methods 
of assuring an adequate reward for effort to all factors 
of production and distribution. 

During the last five years the production star has 
been in the ascendant. It is also apparent that 
scientific chemical distribution has lagged considerably 
behind production efficiency. As we go into the post- 
war era the distribution pattern will undergo a meta- 
morphosis. The selling star must rise! It is essen- 
tial that distribution, which in effect means sales, keep 
pace with production, for if it does not, the conse- 
quences will be very grave. 

There are three periods that must be closely related 
to distribution: 

1. The Reconversion Period. This period immedi- 
ately following cessation of hostilities will prove a period 
during which chemical companies will lay the ground 
work for competitive success. 

2. The Boom Period. Many surveys have led to a 
compilation of goods the American public will buy after 
the war. Fortune magazine has made a recent survey 
of the so-called ‘“‘splurge’’ possibilities, in which the 
following figures are given, based on a survey of what 
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people say they wish to buy first, compared with the 
actual amount spent on these items in 1941?: 


Size of ‘‘First 
Choice’? Demand 
Indicated in 
Survey 


House $21,000,000,000 
Car 6,000,000,000 
Refrigerator 468,000,000 
Airplane 232,000,000 
Boat 158,000,000 
Washing machine 141,000,000 
Air conditioning 53,000,000 
Fur coat 53,000,000T 
Clothes—Men 
Women 


Total Average 
Sales Value Price 


1941 1941 


$3,194,000,000 $4800 
3,574,000,000 950 
542,500,000 150 
8,800,000 1100* 
54,705,000 1500 
159,329,970 80 
5,000,000 500* 
150* 
5,698,000,000 27* 
12* 
415,795,000 30 
124,000,000 80 
224,072,000 75 


30,000,0004 

36,000,000 

20,000,000 
117,000,000 


Radio 
Phonograph and Radio 
Stove 


$28,308,000,000 


* These are guesses—industry-average figures not available. 

+ These, of course, like some other items, are wild underestimates of the 
actual buying that may be expected. Most people mentioned only one or 
two splurge items, and clothes usually did not qualify. The figures are 
included only to demonstrate the relative popularity of all the items. 


Because of accumulated demand for innumerable items, 
it seems fairly certain from such figures, assuming a 
sympathetic Government attitude, that following 
reconversion from wartime operations we will have a 
lush period. It seems certain that during this period, 
company will compete with company to achieve a 
strategic marketing position. 

3. A Self-sustaining Economy. During this phase, 
backed-up demand will have been met. It is then 
that industry will face severe competition and it will 
be a fight for all industry, including the chemicals 
industry, to justify its existence. It is in this period, 
when American industry will stand or fall on the 
success with which it has developed its distribution 
efficiency in the first two periods. 

In viewing the chemical market as a whole, it 
divides logically into three basic groups, namely, 
Domestic Consumer Market, Domestic Industrial Mar- 
kets, and Foreign Markets. 

Let us take the first one—-Domestic Consumer Mar- 
ket: Fine bulk chemical manufacturers by and large 
have not developed finished products for individuals 
or families. It is interesting to note, however, that a 
goodly number of producers of finished products have 
begun the production of intermediates. It is very 
important for chemical sales people to watch this 
trend, as developments in this direction will undoubt- 
edly have a tremendous effect on the nature of the 
chemical market. 


2 “Postwar splurge index,’’ Fortune, xxviii, 20 (1943). 
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The second—Domestic Industrial Markets: In 
the past, approximately 80 per cent of the chemical 
output was sold to other chemical mavufacturers. 
This percentage is changing; its extent is not now 


known, and will remain obscure until full chemical 


statistics are again published. 

The fine chemicals salesman of tomorrow will be 
more and more affected by this change. 

The third—Foreign Markets: The war has forceably 
brought to attention vast foreign opportunities. These 
must be carefully studied to see how our domestic 
chemical developments can fit in with foreign opera- 
tions to the best advantage; to see how increased pro- 
duction brought about under war conditions will 
enable the industry to reach out for this foreign business 
in an endeavor to effect the lowest over-all manufactur- 
ing cost. 

As all of us realize, the growth of the synthetic or- 
ganic chemical industry has been tremendous. In 1914, 
seven firms in the United States manufacturing coal-tar 
products employed 528 people; the volume of business 
totaled approximately $3,500,000. By 1930 this in- 
creased to 130 firms with 11,390 employees, and with 
sales approximating $66,000,000. This in 1939 jumped 
to 306 firms manufacturing aliphatic and aromatic 
synthetics, with sales totaling $384,343,000. The value 
of synthetic chemicals, especially fine chemicals, has 
greatly expanded since 1939. 

One needs but to consider the sulfa drugs as an 
example: In 1939 the only sulfa drug sold was sulfa- 
nilamide, and this in somewhat limited volume. 
then a number of sulfa drugs have been developed, and 
new ones are still appearing. The total poundage 
moved in 1943 approximated 10,000,000 pounds, with 
the prices ranging all the way from 90 cents per pound 
for sulfanilamide, to $11.50 per pound for sulfamera- 
zene and sulfadiazene. 

Another spectacular development lies in the field 
of vitamin production, the total dollar ‘‘over-the- 
counter’ sales having been estimated in terms of 
$200,000,000 annually. 

Chemical technology has converted the rubber 
industry overnight into a branch of the chemical in- 
dustry with an output valued at 400 million dollars 
yearly. Another 400 million dollars per annum has 
been added by the chemical manufacturers of aluminum 
and magnesium. Many other examples could be 
cited. Practically all of these developments are war 
developments. Little or no “‘selling’”’ is required now 
to move the tonnages produced, but what about the 
future? To me this is a challenge. To merchandise 
the increased output of chemical plants will require 
all the ingenuity and resourcefulness of the chemical 
salesman, backed up by various departments with 
which the chemical salesman has of late become closely 
allied. Sales plans must be carefully laid out, sales- 
men carefully selected; they must be well trained and 
consistently supervised. 

While no general plan of selling chemicals which is 
adequate for each and every company can be formu- 
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lated, the basic principles involved do apply to all 
when it comes to the question of selecting and training 
salesmen. 

I think it can accurately be stated that previous to 
the last war chemical salesmen were nothing more than 
“drummers.”’ The chemical salesman’s main object 
was somehow to obtain for his company as much of the 
existing chemical business as possible. 

Over the years the status of a good chemical sales- 
man has reached a much higher plane. He is no 
longer the jovial hand-shaking story teller, a ‘“‘per- 
sonality boy.” While a good chemical salesman must 
be a friendly type, he must also possess qualities of 
representation which are worthy of fuller. considera- 
tion. A good salesman must have: 

1. Adequate knowledge of his products and their relative 

position with competitors. 

2. Aptitude for selling. 

3. An ethical character. 

The chemical salesman of tomorrow must refrain 
from any psychological hoodwinking. He should not 
resort to skilful evasion of reasonable questions. He 
must not indulge in the giving of misinformation be- 
cause of his inability to give the right answer, or be- 
cause of fear of loss of an order or a contract. He 
must be able and willing, when necessary, to say “I 
don’t know.” It can be summed up by saying that 
a good salesman is not an order taker. On the con- 
trary he must inspire confidence in the buyer. He 
must be able to talk to research and production men 
to the end that he stimulates consumption, and be 
looked upon as a business adviser. 

When giving consideration to staffing a sales de- 
partment with good salesmen, careful thought should 
be given to the reasons for failures. It is believed that 
the great majority of salesmen will fail for lack of: 

1. Health and vitality: If he is inclined to frequent 
illness, or is just plain downright lazy, the salesman 
can never achieve sales success. 

2. Inadequate mental equipment: The salesman should 
be alert and have good mental reasoning powers. He 
does not in every case need to have a degree of technical 
training. A varied degree of technical background is 
required, depending on the nature of the products 
sold and the type of buyer to be solicited. Selling 
vanillin and coumarin to extract makers, bakers, and 
chocolate manufacturers does not require the same 
high degree of technical training as is necessary in the 
sale of orthoanisidine, benzyl chloride, thiourea, or 
pentachlorphenol to the dyestuff trade, the drug 
trade, or the tanning industry, respectively. 

3. Aptitude: Many lacking aptitude for selling 
firmly and sincerely believe they can sell. Somehow 
they have dreamed up a fancy notion of what consti- 
tutes selling. Some men have no knack for easily 
meeting a buyer, knowing how to introduce the subject 
of his call, sensing when an interview should be tet- 
minated. Many are easily discouraged when business 
is not quickly forthcoming. Too frequently because 
of inaptitude impolitic subjects are broached. Fre- 
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quently the salesman “stopped in as he was passing 
by.” Nothing could be less flattering to a buyer. 
Without aptitude for selling, it is difficult to visualize 
how a would-be salesman can make the grade. 

4. Vocational disinterest in the products they are 
selling: I well recall several fine chemical salesmen 
of the old school. These men had developed an ex- 
cellent reputation in their respective territories, but 
as their company grew and expanded they continued 
to stress only those chemicals they were equipped to 
handle. New chemicals of great promise did not ex- 
cite their imagination. Even though they were good 
salesmen of the products they were principally inter- 
ested in they accomplished little or nothing on other 
products because of their vocational disinterest. 

5. Improper training: Frequently in order to 
obtain volume quickly some salesmen are sent out into 
the territory with a price book and urged to get sales. 
When orders fail to materialize, the salesman is 
promptly placed in the category of a ‘‘poor salesman’”’ 
and failures result in most cases. Occasionally, how- 
ever, men train themselves by taking the ‘‘bumps,”’ 
but this is most unsatisfactory and results in an appre- 
ciable increase in selling expenses. 

6. Inadequate supervision: Lack of direction, which 
is paramount in effective selling effort, can easily lead 
the salesman to discouragement. He may even be- 
come ‘‘unsold” on his company. A salesman must be 
led, his sales reports checked, calls made with him in 
the field so that at all times he is conscious of friendly 
attention. He should be fully posted on changing 
conditions which may affect his company’s position. 
All too frequently his sales reports are hastily skimmed 
and tossed aside, whereas, if checked they frequently 
would be most illuminating. 

It must be said then that the chemical salesman must 
be armed with a good grasp of the broad problems of 
business management, including finance, credit, pur- 
chasing, and sales merchandising. He must be alert 
to the opportunities of making up special products for 
specific uses, through technical background, education, 
and training by his employer. The chemical salesman 
should be alert to new chemical opportunities on prod- 
ucts not heretofore manufactured by his company. 
He must have a larger degree of executive capacity 
than previously required of salesmen. While he should 
have customer viewpoint he must likewise possess 
management viewpoint. 

It might be interesting to you to know how my com- 
pany, as a typical large chemical company, is geared 
to handle the sale of chemicals in what we believe to 
be an effective manner. 

With many products reaching into virtually every 
imaginable industry, we have grouped products on a 
functional basis, each group being headed by a depart- 
ment manager. The flow of authority starting with 
the General Manager of Sales is through an Assistant 
General Manager of Sales to the department heads, and 
then through branch office managers. The department 
Managers are individuals who have been schooled 
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in their particular spheres of activity. Under normal 
conditions each department manager has an assistant. 
The department manager supervises all of the problems 
arising in his department, freeing himself of details 
so as to permit his visiting major accounts, not only 
in the area contiguous to his headquarters but through- 
out the country. The assistants are responsible for a 
good many of the details involved in scheduling pro- 
duction, outlining the type of packages required in a 
given month, handling the routine of order entering, 
acknowledgments, etc. 

In addition to this, the assistant is assigned sales 
contact responsibilities in the so-called headquarter 
territory. This enables the assistant to get a compre- 
hensive picture of the over-all department activities, 
and at the same time permits him to exercise and de- 
velop his sales talents. 

From the time a college graduate is hired two to four 
years may be consumed before he is ready to actually 
go into a territory. 

It is the Department Manager’s responsibility to see 
that all functions are carried out and that his assistant 
is properly coached and advised, with the view that 
eventually he could take over the department or be 
transferred to a more important sales post in another 
direction. 

In so far as the branch offices are concerned, ob- 
viously the necessary staff is determined by the poten- 
tial volume of business the given territory offers. 
In our case, salesmen working out of branch offices do 
not confine their efforts to any specific group of prod- 
ucts, but generally handle the entire line. 

As the total dollar volume of sales increases, as new 
products are added to the list, it will undoubtedly be- 
come necessary to revise our sales approach. Methods 
will have to be found to speed up the introduction of 
new products and new uses for established products to 
cut the 7-to-10-year period from test tube to con- 
sumer. This may involve a revision in geographical 
boundaries. It might well entail the use of commodity 
specialists or industry specialists. All three ap- 
proaches have advantages and disadvantages which 
must be thoroughly studied in order to use the most 
effective method for the best and quickest results. 

Sales activities are backed up by various depart- 
ments, such as Development Department, Sales De- 
velopment Department, Research, and Advertising 
Departments. The Development Department, con- 
sisting of individuals expert in various lines, is respon- 
sible for market surveys, guiding product application, 
offering technical assistance to customers, handling 
quality complaints, supervising product specifications, 
and maintaining customer research contact, as well 
as broad general contacts with the industry as a whole 
through associations, etc. 

When the Development Department has surveyed a 
new research product, not hitherto manufactured, and 
recommends its exploration, the details they have de- 
veloped are turned over to the Sales Development 
group. This department pursues commercial applica- 
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tions, resorting to further research when necessary. 
After they have established product formulation for 
various uses, it is their responsibility to write a complete 
Application Data bulletin. 

The product, with full and complete details, is then 
turned over to the salesman for full-scale selling. 

The Advertising Department backs up sales activi- 
ties through institutional advertising as well as product 
advertising. Its copy is reviewed with sales heads so 
as to select the product to be pushed, to get suggestions 
as to proper media, and to make certain the copy is 
technically correct and in no way objectionable to any 
of the company’s customers regardless of their spheres 
of activity. 

Advertising can be a tremendous sales help, and it 
seems definitely worth while to study carefully why, 
what, and where such assistance should be maintained 
on a proper balance between cost and results. 

As you can well appreciate, selling fine chemicals is 
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a rather broad subject, and might well have been ap- 
proached from other angles. I have endeavored to 
bring out a few thoughts which are vital for the in- 
dustry as a whole. I have attempted to stress the 
need for detailed selling plans, selection of suitable 
selling materials, and to point out the need for constant 
supervision so that salesmen will at all times remain 
loyal and aggressive and study more or less constantly 
to keep abreast of developments in the industry and 
in their own companies. 

It is interesting to note that this symposium includes 
subjects touching on these various factors, which gives 
proof of the general interest that is current on chemical 
selling problems. All of us will do well to heed the 
warnings that are so clearly evident, and to do our 
utmost to develop our salesmen and our training pro- 
grams to enable the industry to show a continuance 
of the marvelous growth record already established in 
an age which we can truly call ‘“The Chemical Age.” 


Patent Work as a Field for Chemists 


C. B. HOLLABAUGH 


Hercules Powder Company, Inc., Wilmington, Delaware 


HE possibilities for a successful, interesting, and 

constructive career for well-trained chemists in the 
chemical patent field are being largely overlooked. Of 
a total of 1087 chemists registered for employment in 
the Clearing Houses of the last three meetings of the 
American Chemical Society, only about 1 per cent 
checked patent work as a field of interest. 

Reference to the excellent printed form furnished by 
the Clearing House for the applicant’s vitae sheet, 
a part of which is reproduced in Figure 1, shows that 
patent work is one of ten possibilities for employment 
listed. Thus, the Society definitely calls attention to 
the patent field as a possibility. Obviously, the low 
percentage of people who indicated an interest in the 
field cannot be explained on the basis of oversight. 

This situation is striking when considered in the light 
of published results of a survey made by the American 
Chemical Society of the economic status of its members. 
Table 1 shows the median salary rates in 1941 for male 
members of the Society in the various lines of work 
listed on the vitae sheet as possible fields of employ- 
ment. Patent work showed the highest salary rate of 
any of the fields listed, and was definitely above both 
industrial research and teaching, which the majority 
of applicants with postgraduate training seem to regard 
as their only possibilities. The more highly paid fields 
of administration and consultation shown in Table 1 
are not immediate possibilities for the average appli- 
cant. 

1 Presented before the Division of Chemical Education of the 


American Chemical Society, 107th meeting, Cleveland, Ohio, 
April 3, 1944. 


TABLE 1 


MEDIAN SALARY RATES IN 1941 FOR MALE MEMBERS OF AMERICAN CHEMI- 
CAL Socrety* 

Administration, nontechnical 
Consultation, independent 
Administration, téchnical 
Patent 
ES SRE eT oe ae Sena ae ee 
EN CONE IRIE 0 5'0.5)0'80 55.3 ws tvs e nies 





Production 
Research, industrial 
Technical service 
Development 
Teaching, college or university 
Research in basic science 
Library and information service 244 
Analysis and testing 205 

* From Table 31, page 1639, in ‘‘The economic status of the members of 

the A. C.S.,°’ News Edition of A. C.S., Dec. 25, 1942. 





Lack of information concerning the opportunities in 
patent work, or perhaps the adverse publicity the pat- 
ent system has received, is probably responsible for 
this situation. Interviews with more than 100 chem- 
ists having postgraduate training have shown that the 
great majority showed an active interest in the field 
after only a brief explanation of the work. 

Those considering patent work as a profession have 
raised questions concerning the future of the patent 
system. Such questions have arisen because of pub- 
licity which has led superficial readers to believe that 
our federal courts are invalidating patents as rapidly as 
they come before them, and that the Congress would 
some day emasculate the system by statute. To the 
contrary, it is believed that our patent system is not in 
danger. 
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Bearing in mind that only controversial patents get 
into court, it is interesting to observe that the United 
States Circuit Courts of Appeals, in a total of 462 patent 
opinions rendered during a recent five-year period, 
invalidated only a little more than one-half of the liti- 
gated patents.” 
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Furthermore, the record of our Congress fails to sup- 
port the dire predictions which have been made con- 
cerning our patent system. Statutes recently passed 
have corrected minor weaknesses in the system and 
have made some improvement. Attacks on the patent 
system have brought about searching investigations. 
The result has been a widespread conviction that our 
system is sound and essential to the national welfare. 
The report of the National Patent Planning Commis- 
sion of 1943 to President Roosevelt is typical. It 
makes the following statement: 


“The strongest industrial nations have the most effective pat- 
ent systems, and after a careful study, the Commission has 
teached the conclusion that the American system is the best in 
the world. However, as with any system of long standing, con- 
ditions arise which were not foreseen at the time of its establish- 
ment. The American patent system should be adjusted to meet 
existing conditions without destroying its basic principles.’’* 


The report then goes on to recommend a number of 
changes in the system. As indicated by the above 


* J. Patent Office Soc., 24, 19 (1942). 
_* 78th Congress, First Session—House Document No. 239, 
U.S. Government Printing Office. 


quotation, these changes are sincere proposals to im- 
prove, not to emasculate, the system. 

Successful chemical patent work requires a thorough 
working knowledge of both chemistry and patent law 
and procedure. A survey of 50 law schools made in 
1940 revealed only five students with complete under- 
graduate training in chemistry who were receiving 
LL.B. degrees. A similar survey made in 1941 re- 
vealed only one man. These surveys did not include 
employees of the U. S. Patent Office who were receiving 
LL.B. degrees. 

A fact which is generally not recognized is that our 
law schools do not prepare their students for practice 
as patent attorneys. Patent law courses are rare in 
our law schools, and even the more complete of these 
courses do not give the student a working knowledge 
of the field. General legal training is a definite ad- 
vantage. However, in many types of patent work, ad- 
vanced chemical training at least counterbalances this 
advantage. 

In the past the Patent Office has been a large 
source of supply of people for corporate patent work. 
These people have usually entered the examining corps 
with a bachelor’s degree, and, while working as an ex- 
aminer, have completed law courses leading to an LL.B. 
degree. Upon obtaining their degrees, many seek em- 
ployment outside the Patent Office. However, such in- 
dividuals are not necessarily effective patent attor- 
neys, since their entire experience in the patent field has 
been on the negative side. Ordinarily, they have had 
no experience in segregating inventive material from 
the results of research, no experience in the presenta- 
tion of such material in patent applications, and none 
in supporting the affirmative side of arguments for pat- 
entability. Such individuals have the advantage of an 
intimate knowledge of the procedure and personnel of 
the Patent Office, but still require training. 

A number of corporate patent departments follow 
the policy of training chemists for their work. Such 
men are either selected from their own technical staffs 
or employed for the purpose. Experience has shown 
that chemists can be trained readily in patent work. 
Further, it has been shown that in many phases of 
chemical patent work strong training in chemistry 
offsets legal training. In this connection, it will be 
appreciated that general legal training or bar member- 
ship is not a prerequisite for registration to practice 
before the Patent Office. 

The necessity for strong chemical training is readily 
understood when it is realized that a patent chemist 
must be prepared to meet many plant, sales, and re- 
search chemists in their own specialized fields. He 
must be able to assimilate and analyze months or even 
years of research and understand its significance so 
thoroughly that he can proceed with his own specialized 
work without loss of time. Further, he must be able to 
switch his thinking rapidly from one line of research to 
another. 

Chemical patent work is a field inherently very in- 
teresting to a research-minded chemist. It is an essen- 
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tial corollary to the development of any industrial prob- 
blem. Asa chemical process passes through laboratory 
evaluation, semiplant development, economic evalua- 
tion, and, finally, plant engineering and design, the 
patent work should proceed in close cooperation 
through the steps of a study of the patent structure ex- 
isting in the field in question; the segregation of inven- 
tive improvements made in the research; the prepara- 
tion and prosecution of the indicated patent applica- 
tions; infringement studies to locate patents of others 
which may be violated by the operation; and validity 
studies of the patents which may be infringed to deter- 
mine their true value. The two parallel lines of work 
are shown diagrammatically in Table 2. Each of the 
steps in the patent work involves chemical thinking and 
analysis, as well as analysis in terms of the patent law as 
formulated by the statutes and judicial decisions. 


TABLE 2 
THe DEVELOPMENT OF A MANUFACTURING PROCESS 
Patent Work 


A study of the patent structure 
in the field of the project. 


Technical Work 
Initial evaluation of project 
by research, statistical, and 
economic studies. 
Semiplant development and 
market studies. 


The preparation and prosecution 
of patent applications on inven- 
tions developed by the technical 
work of (1) and (2) 

Infringement study of process 
selected and validity studies 
of any infringed patents. 


Plant design, engineering, and 
cost estimation. 


From personal experience in working for a period of 
years in both academic and industrial research, the 
writer can state that patent work makes greater de- 
mands on chemical knowledge than most research 
problems and is fascinating work. This experience 
has been confirmed by witnessing the growing enthu- 
siasm of other chemists as they get into patent work. 

A patent is dualin nature. On one hand, it is a tech- 
nical disclosure. On the other, it is a legal statement 
of a monopoly granted the patentee for a period of 17 
years. It is, therefore, somewhat analogous to a real 
estate lease. In studying research to locate inventive 
material, the patent chemist must be able to recognize 
improvements in the field upon which experience indi- 
cates the Patent Office will grant a patent monopoly. 
In the preparation of a patent application, he is describ- 
ing the improvement in such a manner that others may 
practice it, and drawing claims defining the requested 
monopoly. In the prosecution of the application, he 
is working to convince the Patent Office that the inven- 
tor is entitled to a patent. 

The preparation and prosecution of the application 
are carried out within the framework of the rules of pat- 
ent law. That framework remains the same from one 
application to the next and is changed only by statutes 
passed by our Congress, or very slowly by the trend of 
judicial decisions. However, the chemical facts in- 
volved are always different. The process described 
must be new to be patentable, and the claims must ac- 
curately distinguish it from all prior processes. The 
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examiners of the Patent Office know and follow th 
patent law. Hence, the arguments during the prose. 
cution are primarily technical and must be directed to 
showing that the requested monopoly is an advance in 
the art. 

The three types of studies of patents, the patent 
structure, the infringement, and the validity study, are 
also chemical studies within the framework of patent 
law. 

The patent structure study is for the purpose of lo- 
cating the fenced-off areas of patent monopolies which 
have been granted in a given field of chemistry, so that 
research can be directed along a path across the field 
which avoids them. Such a job consists in locating the 
pertinent patents in the field in question, and placing 
them in their true technical and legal perspective. 
Obviously, it is necessary to have a thorough technical 
grasp to complete such a study. 

An infringement study is made for the purpose of lo- 
cating all patent monopolies which will be violated by 
carrying out a carefully defined process or by the manu- 
facture of a specific product. A first-hand study of the 
semiplant or plant operation in question is a prerequi- 
site to such a study. An intimate understanding of 
the process or product under study, of the technical 
disclosure of each of the related patents, and of the 
legal construction of the pertinent claims, is essential 
to such a study. 

A validity study can be defined as an evaluation of 
the patentee’s right to the monopoly which has been 
granted to him. Such a study may include many 
different lines of approach. The most important is 
ordinarily an exhaustive study of the prior art to de 
termine whether the process or product covered by the 
claims was, in fact, new with the patentee. Another 
important approach is to determine whether the im- 
provement claimed over the prior art is, in fact, an im- 
provement. Ordinarily, this involves the planning of 
suitable experimental work to compare the claimed in- 
vention with the best in the prior art. 

Each of these lines of chemical patent work requires 
a broad and thorough knowledge of chemistry. Very 
few people have the combination of such a chemical 
background, and the highly specialized legal knowledge 
required. Experience has shown that the specialized 
legal knowledge can be acquired on the job. In fact, 
many parts can be acquired only on the job. Chemical 
training is less readily acquired. 

Every indication points to a growing need for sound 
chemical training in patent work. Some 34,000 pat: 
ents were granted last year. The proportion of chemi- 
cal patents is growing steadily. The rapid growth of 
our chemical industry is certain to increase this pro- 
portion. Necessarily this will increase the already 
large demand for chemically trained patent personnel. 

The variety inherent in patent work makes it in- 
tensely interesting. The work is a constant challenge 
to the chemist’s versatility and ability for straight 
thinking based on sound chemical knowledge. 
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The Distribution of Heavy Chemicals 


BERT CREMERS 


Wyandotte Chemicals Corporation, Wyandotte, Michigan 


‘UST as the war has made us conscious of the prob- 
lems of all of the people of the world, so too has this 
war accelerated our thinking; ever broadening the 
| scope of our imagination and planning. You are in- 
terested in marketing because you realize that distri- 
bution must be streamlined. You are afraid that our 
methods are outmoded and that distribution has not 
kept pace with the science of product development and 
of production. Perhaps you are right, but the experi- 
ence which we are gaining during this war period show- 
ing what can be accomplished by the interrelation, co- 
ordination, and cooperation of the many different agen- 
cies involved in the development, production, and final 
distribution will stand us in good stead in the postwar 
period. - The more integrated we become the more 
necessary it will be for us to understand all of the prob- 
lems involved in the new chemical age which looms so 
prominently on our horizon. The entire world today 
is looking forward to a peace; which is yet to be won, to 
the fuller life which is emanating from the test tubes in 
our laboratories throughout the world. ~ 
There is no longer any question but that our postwar 
world will be a different world. We know that people 


will go on living, selling, buying, and consuming, but 
how they will live, how they will sell, what they will 
buy, and what they will consume are problems which 
are of vital interest to all of us. 

The entire selling profession, always slightly frowned 
upon by most scientific men, has already recognized 


this change and is doing something about it. The day 
of high-pressure persuasion and hit-and-miss methods 
no longer fits into modern selling and distribution, 
whether it be of heavy chemicals or cosmetics. We 
are profiting not only by your laboratory technique in 
approaching our problems from a more sensible and 
scientific viewpoint but have found our own yardstick 
for measuring our market potentialities—an engineer- 
ing approach, if you will—and today the many factors 
which enter into successful future marketing can, and 
are, being coordinated. 

Management, more and more, is beginning to realize 
that projected sales planning is not just a problem of 
Sales Departments, not just a matter of putting more 
men in the field; it involves research, production, and 
purchasing. It must consider broadly depletion of raw 
materials, shifts in population, obsolescence of certain 
products and entire industries, transportation, and wage 
levels. Our basis for future selling, therefore, is planned 
distribution through scientific market research. This 


—_ 


! Presented before the Division of Chemical Education of the 
American Chemical Society, 107th meeting, Cleveland, Ohio, 
April 3, 1944. 


new scientific approach to distribution and marketing 
offers a new field of opportunity for chemists. The 
four top men in the Market. Research Department of 
our own company are chemical engineers. There will 
be many opportunities for chemists in this field as time 
goes on. 

When we use the term “heavy chemicals’’ of course 
we usually think of alkalies, chlorine, and so forth, but 
the heavy chemical industry also includes many other 
chemicals of large tonnage which are sold at a reason- 
ably low price and are constituents in many thousands 
of products for both human and industrial consump- 
tion. I am going to confine my discussion to only 
two heavy chemicals, caustic soda and chlorine, and in 
mentioning these two products I know that there is one 
question in the minds of all of you. What will happen 
to the tremendous over-production of caustic soda re- 
sulting from the war demands of chlorine? And it is a 
good question. 

According to published estimates the country’s pro- 
duction of caustic soda was approximately 1,100,000 
tons before the war; today the production of caustic 
soda, according to recently published estimates, is 
1,715,000 tons. It is no secret that shortly before the 
war caustic soda was already slightly overproduced. 
Through the years the heavy chemicals—in most in- 
stances the nucleus of our entire development—have 
withstood the shock of change well. While I certainly 
wouldn’t predict that during 194X, after the war, there 
would be 1,715,000 tons of caustic soda consumed, I 
can say there is a general feeling among men who know 
that the consumption will be considerably greater than 
it was in the years just before the war. The produetion 
of caustic soda is, of course, staggering, but when we 
glance at the rapid growth of rayon, soap, chemicals, 
and paper and their consumption of caustic soda, it is 
much more possible to find an approach to equilibrium. 

The rayon industry alone, with its new use in tire 
yarn, has increased its consumption of caustic soda 
from 112,000 tons in 1930 to an estimated 300,000 tons 
for 1944. Even with this large growth we must re- 
member that viscose rayon is now sharing the demands 
of the industry with acetate rayon. In 1930 the ace- 
tate rayon was 7 per cent of the total production, with 
viscose 93 per cent; while in 1941, acetate rayon was 
36.3 per cent and viscose claimed 63.7 per cent of the 
production. If, therefore, the demands have grown in 
spite of this competition certainly viscose rayon will 
demand a large tonnage of caustic in the postwar years. 
Just how much of the total available caustic production 
can be utilized will, of course, depend on general busi- 
ness conditions, but it is a real challenge to chemically 
trained men. 
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The consumption of chlorine, starting in 1890, has 
steadily increased throughout good times and depres- 
sions and has grown from 5 tons in 1890 to a published 
estimate of 1,600,000 tons in the space of 53 years, and 
I see no reason why the end of the war will find a re- 
duced consumption for any long period of time. 

Before the war the country’s production of chlorine 
was estimated at 600,000 tons; today’s production, as 
already mentioned, is an estimated 1,600,000 tons. 
How can we cushion the shock to the chlorine market in 
the transition from war to peace? First, possible cut- 
backs in the magnesium and synthetic sodium nitrate 
production and the government program will take some 
of the excess chlorine from the market, with of course a 
corresponding amount of caustic soda. However, the 
main relief will be found in release of chlorine to new 
users. Evidence of the producer’s interest in trans- 
forming chlorine into products that have increased con- 
sumer appeal and useful function is the captive use of 
chlorine, which has grown during the war from 396,000 
to 638,000 tons. Much of this captive use is, of course, 
purely for war purposes but alliance of chlorine with 
the hydrocarbons, saturated and unsaturated, to form 
plastics and chlorinated solvents constitutes a war de- 
velopment of products that will continue during peace. 
With proper planning and a more scientific approach 
there is little danger of an industrial catastrophe re- 
sulting from overproduction. 

American chemists who have so generously contrib- 
uted to the growth of American industry will find that 
modern distribution in the chemical industry will open 
new and interesting possibilities for utilizing their 
technical and scientific background and developing an 
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entirely new science, the science of distribution. The 
future distribution of chemicals and any company’s in- 
surance against obsolescence, will depend on how well 
we fit our products into the consumer goods of tomor- 
row. This is your job and my job. 

We must anticipate and accept change, we must co- 
ordinate our efforts, we must plan soundly through 
proper market research, and we must be willing to fit 
our distribution program into the accelerated tempo of 
the postwar world. I am using the word world in a 
broad sense because it is our job to convert our wartime 
surpluses into peacetime goods for distribution in a 
world-wide market and at the same time compete with 
the low labor cost of our foreign neighbors. If we can 
open this new great frontier and latent market for 
heavy chemicals and their derivatives, if we accept the 
responsibility of raising the standard of living for the lib- 
erated countries, if we do our job in the reconstruction 
of the destroyed nations and the growth of their indus- 
tries, then we are also doing the job that the boys who 
are making the sacrifices on our battle fronts have a 
right to expect from us. 

They have a right to expect that those who stay be- 
hind will plan wisely and plan soundly, will not only 
provide chemicals, guns, tanks, and ammunition for 
war, but will also protect the American way of life. 
They have a right to expect that we will preserve pri- 
vate enterprise. The chemical industry’s service dur- 
ing wartime was made possible because it grew strong 
under our American economic system, and it is my firm 
belief that our future freedom under this system and 
the ingenuity of the American people will again lead in 
trade recovery on a bigger scale than the world has seen. 


Freezing 
DONALD COCHRANE 


Ocean Falls, British Columbia 


F THERE is a crust of ice on the water pail, you can turn it up 
and show on the under side of it how the ice grows in spikes, 
always at an angle of 60 degrees to something. This will help 
the children to understand what happens when apples and 
potatoes freeze. The ice crystals pierce the cell walls, so that 
the food spoils rapidly when melted. With apples, freezing 
produces practically the same results as cooking—warm them 
in the oven and you have excellent baked apples. But potatoes, 
being starchy, contain an enzyme to change the starch into sugar, 
and when the cell walls are punctured it stafts to work, with well- 
known results. If you have some frozen potatoes, you might 
try to extract the sugar by soaking them in water and then boil- 
ing the water down. It will probably taste bad, on account of 
other substances also released by the cold. I read recently that 
if the potatoes are warmed slowly enough, the sugar will turn 
back to starch, but I have not tried it yet. 
Frozen ears, or fingers, are something different. The cell walls, 
being made of protein (skin), are not so easily broken as the cellu- 
lose (wood) walls of vegetable cells. The danger here is not 


from freezing, but from thawing. It works like this: 

Living tissue must have oxygen brought to it by the blood 
That is why you loosen a tourniquet every few minutes. Frozen 
tissue is practically not living, so it gets along without oxygen. 
But when it melts, it must have oxygen quickly, or die. But 
the arteries are far inside, close to the bone. So if you thaw the 
frozen tissue from the outside, it is likely to die before the arteries 
underneath can supply it with blood. It must thaw from inside, 
by the natural heat of the blood. So you massage it with snow, 
to stimulate the circulation inside without melting the outside 
For the same reason, you should try not to rub the skin, but to 
rub the flesh back and forth on the bone. 

I do not recommend any experiments on this section, and I am 
afraid that none of the above information is of any use for passing 
examinations. It is an application of pure science, and is not 
related to any of the military organization—Gen. Science, Mai. 
Objectives, Pte. Study, or even Cpl. Punishment. 


—Reprinted from The B.C. Teacher. 
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An Experiment in Chemical Education 


J. H. MATHEWS 


University of Wisconsin, Madison, 


N 1905 the University of Wisconsin established a 
four-year course in chemistry requiring 130 credits 
for graduation and leading to a B.S. degree. By 1919 
when I became the Director of this course it had grown 
to substantial size, and we had graduated a large num- 
ber of students, many of whom were occupying posi- 
tions of considerable responsibility in chemical fields. 

While we never made a statistical analysis on em- 
ployment of the graduates from this course, we did have 
suflicient information to warrant the belief that from 
25 to 33 per cent of our graduates had left the field of 
chei istry proper, some of them to enter fields in which 
their chemical training was of little, if any, value and a 
considerable number of others to enter into fields related 
in some way to chemistry. I refer particularly to 
what I choose to call the ‘‘business side” of chemistry. 
Obviously the training they had had in chemistry would 
be useful to them in such occupations, but, on the 
other hand, these men must have been definitely handi- 
capped by their lack of training in commercial subjects 
such as, particularly, economics, commercial law, statis- 
tics, accounting, business correspondence; etc. 

The question naturally arises as to why these stu- 
dents left the field of chemistry. There are probably 
several reasons, but there are certainly two which ac- 
counted for many of the changes in occupation. First, 
many men upon’ graduation and after two or three 
years of practical experience in industrial chemistry dis- 
covered to their own satisfaction (or dissatisfaction) 
that the Lord had never intended them to be labora- 
tory chemists—a discovery which in some cases cer- 
tainly their professors had already made! With due 
apologies to the vocational guidance experts, I maintain 
that there are as yet no adequate tests whereby a boy’s 
future success in the profession of chemistry may be 
predicted. After many years of experience the only 
prediction I would feel safe in making is that most 
students succeed better than I expect them to! In the 
second place some of those who changed occupations 
decided that the financial emoluments were more prom- 
ising in the business field and perhaps, too, they had a 
natural flair for business. Some do. 

On the other hand, because of contacts we had had 
with purchasing agents, salesmen, sales managers, and 
others who were engaged in the business side of chem- 
istry, it was very obvious that these men were very 
definitely handicapped by their lack of chemical train- 
ing. Obviously a salesman who is selling chemical 
products and purchasing agents who are purchasing 
chemical products on specifications, ought to have some 
knowledge of chemistry and at that time many of them 
certainly did not. These men often depended more 
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on affability than on ability. Cases are also known in 
which even the president of a company manufacturing 
or handling chemicals had had no formal training in 
chemistry, and the simple mistakes made by these men 
were often ludicrous or pitiful, depending on one’s point 
of view. 

There seemed, then, to be an obvious need for men 
who had acquired a combined training in chemistry 
and commercial subjects, and in 1924 a four-year 
Chemistry-Commerce course was established at the 
University of Wisconsin. This course required a total 
of 132 credits for graduation and the B.S. degree. The 
statement in the University Catalog concerning this 
new course read as follows: 

“A new four-year course known as the CHEMISTRY-COM- 
MERCE COURSE has recently been added to the University 
curriculum. 

“The need for such a course arises from the fact that men of 
affairs in the industrial world are often handicapped because they 
do not possess a fundamental knowledge of the technical prin- 
ciples involved in their business. Each year it becomes more 
and more important for the business man to have a knowledge 
of the chemistry of the processes with which he is concerned. 
This course is intended particularly for students who desire to fit 
themselves to hold commercial positions such as business man- 
agers, technical secretaries, managerial secretaries, sales managers, 
purchasing agents, technical salesmen, and in fact any com- 
mercial position in which a thorough understanding of funda- 
mental chemical principles would be an asset. 

“In addition to certain required courses in chemistry, economics, 
mathematics, foreign languages, and English, a considerable 
number of free electives has been provided so that the student 
may broaden his education in the direction he sees fit.” 


Without going into complete detail concerning this 
course, I desire to point out that the course included the 
following: a year of English composition (6 cr.) fol- 
lowed by a course in business correspondence (3 er.) ; 
a year of general chemistry (10 cr.); one semester each 
of organic and analytical chemistry (5 cr. each); a year 
of industrial chemistry (6 cr.); four to six credits in 
chemistry electives; a year of physics (10 cr.); a year 
of introductory economics (8 cr.); a year of account- 
ing (4 cr.); a semester of money and banking (3 cr.); a 
semester of statistical methods (3 cr.); about 18 credits 
of electives in advanced economics courses ;? a semester 
of commercial law (3 cr.); a year of mathematics (6 cr.) ; 
and two years of foreign language (16 cr.), usually Ger- 
man or Spanish. Some modifications were made as 
the years went by but the course remained essen- 
tially the same. 

I believe that it is clear that such a course was not 
a “snap course.’’ It contained a sufficient amount 
of ‘‘red meat” to satisfy the appetite of a young man 

2 The 18 economics electives could be distributed among the 
following courses: business management, marketing methods, 
credits and collections, corporation finance, theory and practice 
of accounting, employment management, and railway transporta- 
tion. 
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who really desired an education which would fit him 
for ‘‘the business side of chemistry.’’ The boys who 
finished this course felt, and had reason to feel, that 
they had completed a tough grind. I have never 
heard of a boy who expressed dissatisfaction with the 
course; many have expressed their complete satis- 
faction with the preparation it gave them. 

The course was started in 1923 and was discontinued 
in 1931. In all there were 48 graduates from the 
course, and a number of these men are now occupying 
very responsible positions. 

You are naturally wondering why the course was 
abandoned. The principal reason was lack of patronage. 
We had expected it to be a popular course, one in which 
there might be at least 40 to 50 students each year. 
Some felt that it would even rival the chemistry course 
in popularity and enrollment. The largest number of 
graduates we ever had in one year was nine. We 
probably expected too much. 

A student had to be very capable and very industrious 
to make a satisfactory record in a course of this meaty 
character. We found that we had three types of 
students: those who were very earnest and capable 
and who really wanted a course of this character; a 
second group composed largely of those who had found 
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the four-year course in chemistry too difficult and had 
transferred to this course in the hope that they could 
salvage the chemistry courses they had completed; 
and, as the third group, a few who thought the course 
sounded nice but who were incompetent. All courses 
naturally have this third group! 

From time to time we have considered the reestablish- 
ment of this course. Some of our Commerce School 
faculty members think that we should doso. Perhaps 
after the war when the expected flood of students 
reaches us we shall really consider the matter seriously, 

My own feeling in the matter is that there is a very 
definite need for such a course, definitely a greater 
need than there was 20 years ago when we started 
our ill-fated experiment. Certainly this country has 
become chemistry-minded and there are probably a 
dozen places for men of such training for every one that 
existed in 1924. I think that some university will soon 
institute a well-balanced course for the training of 
young men who want to engage in the ‘‘business side 
of chemistry.”” Perhaps that university will be my 
own, and if it is I think next time we will make a 
success of it, particularly if we can have some good 
advice from our friends who are experienced in ‘“‘the 
business side of chemistry.”’ 


Western Reserve University’s 
New Teehnieal Sales Curricula 


HAROLD SIMMONS BOOTH 


Western Reserve University, Cleveland, Ohio 


OT so long ago the chief equipment of a successful 
salesman of technical products was a good collec- 
tion of snappy stories, a generous entertainment fund, 
and a glib tongue. Knowledge of his product, beyond 
price per unit and delivery time, were even thought 
by some sales managers to be a handicap. The sales- 
man might waste time explaining his product, or else 
get the plant into trouble through misunderstanding. 

However, with the increased scientific complexity of 
industrial products today, it is essential that the 
salesman has an adequate scientific knowledge. He 
should understand the product and its use, and be able 
to translate his knowledge into the language of the 
layman. 

A number of years ago, the writer persuaded a 
Cleveland chemical manufacturer to use graduate 
chemists as the raw material for training chemical 
salesmen. These men were first sent to the various 
plants as workers to develop in them a sympathetic 
appreciation of production problems so that later, as 
salesmen, they would know better than to make im- 


1 Presented before the Division of Chemical Education of the 
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possible promises of deliveries. Eventually they 
were put into main office sales groups. 

The idea proved to be sound in the main, and a 
number of these men are now in charge of branch sales 
offices. There was, however, one fault with this plan. 
While these men had the technical and practical plant 
training they knew little about selling, business meth- 
ods, and policies, and had to be taught these by their 
associates in the sales office. This was a slow, in- 
efficient, and unsystematic process. 

It occurred to the writer that it should be possible to 
arrange a course of study leading to a Bachelor of 
Science degree in which the major studies would be in 
science, with a minor in sales and business. With the 
help of a committee, representing the various sciences, 
psychology, and business administration, and further 
aided by a skilled registrar, technical sales curricula 
have now been developed in five fields, in Cleveland 
College of Western Reserve University. 

As part of the program, all students, before ad- 
mission to the new course of study, must pass place 
ment tests to be certain they have the necessary quali- 
fications to succeed in this new field. Personal handi- 
caps undoubtedly militate against ultimate success 
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id had § more in technical sales than in any other scientific 
could f field. It is obviously unfair and wasteful to train an 
leted; B individual in a field as personally exacting as this 
Sourse ff unless he is likely to succeed. 
ourses It was agreed that the student should have strong, 
basic training in both oral and written English, and in 
blish- § psychology, including its applications to selling and 
schoo] § advertising. Since candidates for these curricula would 
thaps § undoubtedly come from all sorts of social backgrounds, 
dents Ja course in the ‘‘technique of successful social and 
ously. business usage’’ was also required. 
. very The biggest problem was to cut down the required 
reater [courses in the field of both science and business to a 
arted [workable number. There were many courses avail- 
y has § able that could with profit have been added to the 
bly a ff final curricula. But the requirements of a Bachelor 
» that Mf of Science degree and time for electives likewise de- 
soon § manded consideration. The way to further training 
ig of § was left open through the attainment of a degree of 
; side ff Master of Business Administration. 
> my The courses in the program were divided into three 
ike a §f groups: The Basic Courses and the Sales and Business 
good —f Courses, both groups being common to all the curric- 
“the § ula, and the science courses that are specific for the 






various sales fields. So far curricula have been de- 
veloped in the following fields: chemicals, biologicals, 
foods, fuels, and in the electrical and mechanical fields. 
Further expansion of the program is under way. 

When the various curricula had been developed to a 
point satisfactory to the committee, they were sub- 
mitted for criticism to an Advisory Committee for 
Technical Sales Curricula. Leading sales managers 
of nationally known companies in the Cleveland area 
served on this committee. 

A number of valuable suggestions were made by 
this group and, as far as possible, have been incor- 
porated in the program. The curricula are not to be 
regarded as final and are subject to further modifica- 
tions as experience may dictate. 

From the enthusiastic letters received when the new 
curricula were announced in the press they bid fair to 
fill a real need. Judging from the number of requests 
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eth- § received thus far for graduates, it will be a long time 
heir § before the demand can be satisfied. It is to be hoped 
in- & that it will greatly accelerate the change from the old 
to the new type of selling. 
e to A brief description of the courses in the various 
r ol & curricula follows. 
e in 
the 
; TECHNICAL SALES CURRICULUM 
ces, 
ale Cleveland College of Western Reserve University 
vula Basic Courses 
and ff encuisy COMPOSITION 
Training in written expression through original writing. 
ad- {—§ REPORT WRITING 
cee Training in the writing of business, professional, and official 
: reports. 
ali- Bon. 
di ENERAL SPEECH IMPROVEMENT; FUNDAMENTALS OF SPEECH 
1di- Analysis of speech faults and abilities with suggestions and 





exercises for improvement. Simple reading and speaking 








experiences to develop expression and confidence. Attention 


to posture, appearance, and mannerisms. 

INTRODUCTION TO ENGLISH LITERATURE 
Study of representative writers of good English style. 

ORIENTATION TO COLLEGE AND WORK 
Study habits, increased reading proficiency, work habits, job 
hunting and application, vocational orientation. 

TECHNIQUE OF SUCCESSFUL SOCIAL AND BUSINESS USAGE 
Detection and correction of unpleasant personal habits; 
conversational ability; good taste in personal grooming and 
clothing; developing harmonious relations with business 
associates and with acquaintances outside business hours. 

A GENERAL INTRODUCTION TO PSYCHOLOGY 


applications to the personal and social adjustment of the 
individual. 

THE PSYCHOLOGY OF SELLING AND ADVERTISING 
The psychological factors underlying selling, advertising, the 
salesman, and the consumer. 

FOREIGN LANGUAGE 
Choice will depend upon student’s plans. 
ferred at the present time. 


Spanish is pre- 


Sales and Business Courses 


ECONOMIC PRINCIPLES AND PROBLEMS 
Analysis of the production and distribution of economic in- 
come. 

ECONOMIC GEOGRAPHY 
Survey of the way man adjusts economic activities to physical 
conditions. Emphasis on production and distribution of 
principal commodities and on chief industries and their loca- 
tions. 

BUSINESS STATISTICS 
Fundamentals of statistical analysis, collection and tabulation 
of data, graphic methods, statistical distributions and averages, 
time series in business, business fluctuations, correlations, and 
an introduction to the practical application of statistics. 

PRINCIPLES OF ACCOUNTING 
Analyzing, classifying, and recording business transactions; 
adjusting and closing books of record; preparation of periodic 
work sheets and financial statements for individual proprietor- 
ships, partnerships, and corporations. 

PRINCIPLES OF MARKETING 
The major marketing problems of representative firms, includ- 
ing marketing costs, policies, price determination, sales pro- 
motion, and operating control. 

SALESMANSHIP AND SALES MANAGEMENT 
The basic principles that underlie successful selling and govern 
the management of a sales organization. 

PROBLEMS IN SALES MANAGEMENT 
The organization and operation of the sales department: 
organization of the department and selling force; sales 
policies; selection, training, compensation, and supervision of 


salesmen; establishment of sales territories, and control of 
sales costs. Analysis of sales problems of representative com- 
panies. 


INDUSTRIAL MANAGEMENT 
The methods and policies of modern industrial establishments. 
Industrial organization. Management fundamentals. 
PRINCIPLES OF TRAFFIC MANAGEMENT (elective) 
Organization and operation of traffic. Both intra- and inter- 
state commerce problems including Federal and State regu- 
lations. 


Science Courses—Technical Sales of Chemicals 


GENERAL BIOLOGY 
* Introduction to the principles of biology. 
GENERAL CHEMISTRY 

The fundamental principles of chemistry and the nonmetals. 
CHEMISTRY OF THE METALS AND QUALITATIVE ANALYSIS 
A systematic study of the metals and of metallic and non- 
metallic ions and their qualitative determination. 
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ORGANIC CHEMISTRY 
The occurrence, chemical structure, preparation, and relation- 
ships of the compounds of carbon. 
QUANTITATIVE ANALYSIS 
Selected typical analyses, calculations from analytical results, 
and interpretation of analytical results. 
PHYSICAL CHEMISTRY 
The study of the physical laws as applied to chemistry, with 
typical laboratory experiments. 
ALGEBRA AND TRIGONOMETRY 
Review of certain topics in algebra, followed by plane trigonom- 
etry. 
ANALYTIC GEOMETRY 
Equations and loci in beth rectangular and polar coordinate 
systems and practical applications to graphs. 
DIFFERENTIAL AND INTEGRAL CALCULUS 
Application to science and industrial problems. 
MINERALOGY (elective) 
Elements of crystallography, followed by identification of 
minerals by means of their physical and chemical properties. 
GENERAL PHYSICS 
The fundamental laws and principles of physics in the fields of 
mechanics, heat, sound electricity, magnetism, and light. 
LIGHT 
The fundamentals of geometrical and physical optics. Thin 
and thick lens optics, interference, diffraction, polarization, and 
spectroscopy. The theory of microscopes, telescopes, and 
other optical instruments. 
ELECTRONICS (elective) 
Theory and application of electronic devices. 


Science Courses--Technical Sales of Biologicals 


GENERAL BIOLOGY 
GENERAL BOTANY 
Introduction to plant study. 
GENERAL BACTERIOLOGY 
The morphology, physiology, and cultivation of bacteria and 
related organisms. 
PHYSIOLOGY (elective) 
A study of the fundamental physiological processes in living 
organisms. 
HYGIENE (elective) 
Disease prevention and health promotion. 
PHARMACOGNOSY (elective) 
The natural history of vegetable and animal drugs, especially 
those official in the United States Pharmacopeia and the 
National Formulary. 
GENERAL CHEMISTRY 
CHEMISTRY OF THE METALS AND QUALITATIVE ANALYSIS 
ORGANIC CHEMISTRY 
SELECTED TOPICS OF ORGANIC CHEMISTRY 
The alkaloids, natural and synthetic drugs, and essential oils 
BIOCHEMISTRY 
The chemistry of life processes. 
ALGEBRA AND TRIGONOMETRY 
ANALYTIC GEOMETRY 
BUSINESS MATHEMATICS (elective) 
GENERAL PHYSICS 


Science Courses-—-Technical Sales in Foods 


GENERAL BIOLOGY 

GENERAL BOTANY 

PHYSIOLOGY 
The anatomy and physiology of the various systems of the 
human body. 

HYGIENE 
The principles of individual and public health. The diseases of 
the human organisms, means of control or cure; major public 
health hazards and their control. 

GENERAL BACTERIOLOGY 

GENERAL CHEMISTRY 

CHEMISTRY OF METALS AND QUALITATIVE ANALYSIS 
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ORGANIC CHEMISTRY (first term) 
Chemistry of the aliphatic hydrocarbons and the carbo. 
hydrates. 
CHEMISTRY OF FOODS 
Chemistry and analysis of foods. 
BIOCHEMISTRY 
ELEMENTARY NUTRITION 
Food groups and food constituents for proper nutrition. 
tion of minerals, vitamins, etc., in nutrition. 
NORMAL NUTRITION 
Chemical composition, metabolism, and physiological functions 
of the foodstuffs. Nutritive requirements for individuals 
in different stages of development, and in various economic 
levels, social backgrounds, and occupations. 
SCIENCE OF FOOD PREPARATION 
Principles and practices of food preparation and preservation 
MARKETING (CONSUMER) 
The production, distribution, and sale of foods, as well as the 
form, grades, legislation, and relative costs of staple foods 
COMPARATIVE FOOD PREPARATION 
Effects of such variables as materials, temperature, and 
equipment. Consideration of present researches on food. 
COMPARATIVE FOOD PREPARATION 
Effects of such variables as materials, temperature, and equip. 
ment. Consideration of recent food research. 
INSTITUTIONAL ECONOMICS 
Problems involved in large group work; selection, use, and care 
of equipment, organization of service, selection of personnel, 
management, purchase of supplies, study of institutional 
records, and planning of menus. 
BUSINESS MATHEMATICS (elective) 


Technical Sales of Fuels 


Func 


Science Courses 


GENERAL CHEMISTRY 

CHEMISTRY OF THE METALS AND QUALITATIVE ANALYSIS 

ORGANIC CHEMISTRY 

QUANTITATIVE ANALYSIS 

LUBRICATION AND LUBRICANTS 
A study of lubrication and lubricants from the standpoint of 
both organic and surface chemistry. 

FUELS AND COMBUSTION 
Chemica’ and physical properties of fuels and their combustion 
characteristics. 

COMBUSTION DEVICES 
Principles involved in the proper use of fuels and combustion 
devices. 

PHYSICAL GEOLOGY 
Composition and structure of the earth’s crust, the forces at 
work on its surface, and the causes of its surface configuration 

ECONOMIC GEOLOGY (NONMETALS) 
A general course treating of the nature, distribution, mode of 
occurrence, origin, and uses of nonmetallic mineral resources 
such as coal, petroleum, natural gas, etc. 

MINERALOGY 

ALGEBRA AND TRIGONOMETRY 

ANALTYIC GEOMETRY 

DIFFERENTIAL AND INTEGRAL CALCULUS (elective) 
Application to science and industrial problems. 

GENERAL PHYSICS 

HEAT 
An introduction to the theory of heat including such subjects 
as thermometry, calorimetry, kinetic theory, thermodynam- 
ics, and radiation. 


Electrical and Mechanical Technical 


Sales 


Science Courses 


GENERAL CHEMISTRY 

CHEMISTRY OF THE METALS AND QUALITATIVE ANALYSIS 

ORGANIC CHEMISTRY 

PHYSICAL CHEMISTRY 
The study of the physical laws as applied to chemistry, with 
typical laboratory experiments. 
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LUBRICATION AND LUBRICANTS 

ALGEBRA AND TRIGONOMETRY 

ANALYTIC GEOMETRY 

DIFFERENTIAL AND INTEGRAL CALCULUS 

GENERAL PHYSICS 

MECHANICS 
Introduction to the subject of analytical mechanics including 
both statics and kinetics. 


S. L. STARKS 
The Dow Chemical Company, Midland, Michigan 





HE following pertains to a program referred to by 

our employees and our company as our Student 
Training Program, a minutely planned program pre- 
dominately heavy on the ‘‘work-and-learn” theory and 
planned for newly employed college graduates. This 
presentation is an effort to give a comprehensive idea 
of the course. Specific details are outside the scope of 
this paper and will be left for discussion at some future 
time. 

Training in industry has been given an impetus dur- 
ing the last two years by Government-sponsored 
courses, such as Job Instruction, Job Relations and 
Job Methods, and by intensive training courses made 
necessary by employment of women in industry and 
by rapid turnover of help. It further follows that in- 
dustry’s training problem may be just as great at the 
close of the war. Rehabilitation training and co- 
operative courses may be provided for the soldier who 
wants to take advantage of a year of training provided 
for him by the Government but is not suited to, or 
interested in, the type of training that is available 
through our colleges. This is no reflection on our col- 
leges. Their facilities may simply be inadequate for 
the job at hand and industry may have to help. 

No doubt many would be interested in the reason 
why, in 1934, we decided to start our student training 
program designed for the newly employed college 
graduate. In 1934 came the start of the great indus- 
trial revival following the depression and it was ob- 
vious to our management that we were about to grow 
more rapidly than ever before and that we needed addi- 
tional leadership, young men who knew how to get 
cooperation from workmen and young men who knew 
how things were made, how to design special equip- 
ment in such a way as to make use of standard ma- 
terials easily obtainable from stock and of high salvage 
value after serving a special purpose. To train a 
young college graduate in such a way meant actual ex- 
perience and work in machine shops, pipe work, steam 
fitting, electrical work, boiler shop practice, lead work, 
glass and tile work, instrument work, engineering 
work, laboratory practice, production control, semi- 


1 Presented before the Division of Chemical Education of the 
=e Chemical Society, 107th meeting, Cleveland, Ohio, 
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LIGHT 
SOUND 
Introduction to the theory of wave motion and sound. 
retical and experimental. 
ELECTRONICS 
ADVANCED LABORATORY PHYSICS (recommended elective) 
Experiments of moderately advanced character. 
GENERAL BIOLOGY (recommended elective) 
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plant and development work. As we had employed 
new men, we had observed the occasional fellow who, 
regardless of his age or length of service, almost always 
comes “home with the bacon.’’ Give him a job and 
on his own he gets it done without others interceding 
for him. Others were so slow to catch hold of this 
ability that we concluded it was related, for the most 
part, to their approach, because of their utter lack of 
appreciation of the various craftman’s jobs. We con- 
cluded that there was only one remedy and that was to 
put the new college man where he would rub elbows 
with all types of workmen and actually work with them 
Not that he would become a craftsman, but that he 
would see for himself what it meant when he, a few 
years later, would write a work order to retube No. | 
condenser, replace the baffle plates in the evaporator, 
patch the side of the storage tank and put new headers 
on the brine heater, change the air cylinder on the 
vacuum pump—all between 5 p.m. Friday night and 
8 A.M. Monday morning. 

Appreciation of the other man—what a world of 
difference the lack of appreciation can make! Most 
certainly the man who always gets the information he 
wants and comes “home with the bacon” has the 
ability to speak the other man’s language and, in a 
natural way, shows an appreciation of the other man’s 
job to such an extent that the other man will fully 
cooperate. 

Our course has gone through a process of evolution, 
until at the present time it consists of 48 weeks, made 
up of a six-week period in each of the following: elec- 
trical department, machine shop, boiler shop, pipe 
shop, main laboratory; and main engineering depart- 
ment; a six-week period in either the physical research 
laboratory or cellulose laboratory; and a divided 
period of six weeks in our instrument department, 
stock rooms, lubrication laboratory, and metallurgical 
laboratory. The student is supplied with a complete 
outline of his course, broken down to half-day experi- 
ences in some cases; both he and the coordinator know 
exactly where he is supposed to be at all times. He 
keeps notebooks which are made up on his own time 
after working hours, and they must be typed. With 
each department outline are questions related to the 
work of the department to which he must learn the 
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answers, and record them in his notebook. He at- 
tends a lecture once a week on which he keeps notes. 
The lectures are given by plant men on company time. 
They might be on industrial refrigeration machinery, 
the importance of good housekeeping, labor relations, 
sales department organization, the flow sheet of a 
process, company policy, foremanship, character build- 
ing, and personality, but they must be good and they 
must be given by a high-ranking man of the company, 
This accomplishes two purposes, gives the new man 
some important factual information and an insight into 
the business and puts before him an ideal in the type of 
technical expert he might wish to become. At the 
completion of each six weeks the student is graded 
separately on: 


1. Quality, quantity of work, and general ability. 

2. Cleanliness, response to orders, promptness, dependability, 
general deportment, and initiative. 

3. Notebook which he has kept. 


The three grades are averaged and that grade is used 
to give a final grade for the department. However, the 
card is so arranged that all these subgradings remain 
part of the record. The student’s notebook becomes 
his property and he is given a copy of his report card. 

The outline is planned wholly and completely for 
the benefit of the student. The money value of the 
student’s work is not considered. 

In the administration of the course a good coordina- 
tor is necessary. In each department it is necessary 
to have one person responsible for the students as ad- 
viser and grader and department coordinator. A 
major problem which we ran into during the first two 
years was stagnation. This same trouble is usually 
the major problem in apprentice training. A student 
will show an unusual ability for a certain kind of work, 
possibly because of the need of his help he will be held 
there much longer than the schedule calls for, then he 
will fail to get all of the experiences outlined. We 
called all the department heads together and had them 
agree that we should place the responsibility of keeping 
up to schedule fully on the student. This problem of 
stagnation never happened again. 

When we started the program we were not sure of the 
workmen’s attitude toward the student but our minds 
were soon at ease from that angle and we have had 
practically no trouble. The workmen, almost without 
exception, seem to enjoy getting acquainted with the 
new engineer or employee and many of them become 
good friends. I have had many a workman say that he 
took care of John Doe just like he would his own son 
and, in many cases, he has a son and hopes that some 
day he will benefit by a similar program. 

Many times the unforeseen, unanticipated benefits 
of new adventures turn out to be of considerable im- 
portance. This is true in relation to the attitude of our 
foremen and supervisors of the various departments 
through which the students pass. If I were to evaluate 
the important attributes of a good foreman or a good 
supervisor I would place near the top of the list “the 
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ability to teach and instruct others and the ability to 
discern whether or not the learner comprehends.”’ In 
industry this is of tremendous importance because mis- 
takes hold back work and spoil materials and many 
mistakes are due to poor and inadequate instruction. 
When we started our training program we necessarily 
enlisted the help of many foremen and supervisors, 
In many instances these have become excellent instruc- 
tors. In carrying out their part of the student training 
program they have caught the spirit and joy as recom- 
pense for teaching others. In many cases they have put 
on special training programs of their own, getting little 
helps and encouragement from the general plan. I am 
sure that everyone concerned has done many things 
which he would not otherwise have done and that the 
unanticipated good is of considerable value. 

For many new employees we have selected certain 
parts of the course, assignments of two to six weeks, 
chosen in relation to the work the employee is to do. 
In all, 56 new employees have had selected parts of the 
course. Since June, 1942, we have not had students 
enrolled in the full 48-week course. We do not feel 
that it is right to be operating an extended training 
course in these times. 

Dr. Willard H. Dow, President and General Manager 
of the Dow Chemical Company, has said: “The student 
training program, which we instituted some few years 
before the war, was outstandingly successful in our 
organization. It had one basic fundamental value, 
and we have never been able to find a substitute for it. 

“New men coming into an organization have general 
qualifications for work and traits that cannot be identi- 
fied just by casual observation. The advantage of the 
training program gives the opportunity to the company 
to observe the man in some detail, seeing how he works 
with his associates, what sort of results he is able to 
accomplish, and also something about his general 
ability. But we believe the most important charac- 
teristic of the course is the period of time in which the 
man has to get acquainted with the company and find 
out for himself in what type of work he may have the 
greatest interest. Before the course is finished, he can 
make a statement as to where he would prefer to work. 
The strange thing is that these preferences are usually 
the same selection by both the young man and the 
company. 

“It would seem that our experience had indicated 
that more satisfaction with a job is obtained and a 
more enthusiastic attitude is apparent right from the 
time he starts on his permanent assignment. The 
writer would be very interested in seeing us reéstablish 
the course at the close of the war emergency, if general 
business conditions indicate it to be advisable.” 

In order to train 108 technical men for several new 
plants completed in 1942 and 1943, we made valuable 
use of the general plan and parts of the course. 

Up to June, 1942, 139 had completed the whole 
course. Several belonged to the Officers’ Reserve 
Corps and are in the service. Most of them are Dow 
men, and you will find them in responsible positions 
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scattered throughout our various plants and divisions, 
with a good representation in our Divisions of Techni- 
cal Service and Sales. As the groups are selected for 
this special program they are chosen from a large 
variety of course work and different types of personali- 
ties. As they progress in the student training program 
it is very interesting to note how obvious it becomes 
that they will fit well into certain groups and types of 
work. 

Our department heads have become aware of this 
fact and look to the student group to find those with 
certain aptitudes and abilities for special assignment. 
The Educational Division has more requests than it can 
fill for men who have had the student training course; 
possibly that is sufficient testimonial of its value. Sum- 
marizing the outstanding values of the program to the 
student, they are: 
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The development of appreciation and a realization of the im- 
portance of every employee’s work. 

By contact and work experience, learning the importance of 
conforming to standards. 

At an early date of employment, developing a knowledge of 
how things are done and the weighted value of all classes of 
work. 

At an early date of employment, gaining an appreciation of the 
complexity of a large business enterprise and thereby de- 
veloping a realization of the absolute necessity of individual 
cooperation and absolute necessity of division and depart- 
ment cooperation in order to have a well-organized and well- 
synchronized organization. 


Values to the company are: . 
Proper placement of technical and” leadership staff made pos- 
sible by many weeks of observation before final placement. 
Substantially shortening the period of time usually required 
before young men assume responsible positions. 
General improvement in all relationships as result of teaching 
appreciation of the other man’s work. 


Chemical Advertising 


THEODORE MARVIN 


Hercules Powder Company, Inc., Wilmington, Delaware 


HE chemical industry is one of civilization’s most 

dynamic of all time, and to stay up with its progress 
requires considerable effort. It isn’t pace in growth 
alone which distinguishes the industry; it’s the high 
rate of change which keeps the business whirling ahead. 
The war, of course, has accelerated these movements. 

What effect dd these characteristics have on the 
subject of chemical advertising? In the first place, 
a virile industry like chemistry must be adequately 
interpreted to the layman and to the scientist, and 
I am sure it is safe to assume that this interpretation 
is going to take place through the forms of expression 
normally thought of as advertising. For purposes 
of clarity, let me define advertising as discussed herein 
to include public relations, product publicity, mass 
journal advertising, technical and trade advertising, 
radio, exhibits, movies, lectures, direct mail. 

The second point that should be made immediately 
is that this business of interpreting chemistry to the 
different groups of minds who are interested in the 
subject for various reasons, is a young one of but a few 
years of age. Therefore, it is not too experienced, and 
it is not too adequately staffed. In a nutshell, there is 
plenty of need for chemically trained persons who can 
meet advertising’s requirements of writing and imagi- 
nation. 

No industry could grow so fast and become so im- 
portant in our national life and not arouse public 
interest. This often has been called the ‘‘chemical 
age,’’ and not without reason, for the products of the 
industry lead into almost every business and serve 


Presented before the Division of Chemical Education of the 
American Chemical Society, 107th meeting, Cleveland, Ohio, 
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usefully in every walk of life. The discovery of each 
additional chemical and the development of every new 
use for an older material quickens public interest and 
makes ‘‘the man in the street’’ more chemically con- 
scious. 

This public interest obligates us to see that there is 
proper direction of what is written and said about us. 
Too often, the public is led by irresponsible stories to 
believe that we come by our advances through dream- 
ing in alchemistic caverns, and too little is known of 
the tremendous investments in research and plant 
before our often-called “‘black-magic’”’ products can 
be made. So we find that educational public relations 
in the form of lectures, institutional advertising, 
publicity stories, movies, and radio are particularly 
helpful to long-range, satisfying progress of the chemical 
industry. These stories do more than improve public 
relations. They also sell, for often they are the means 
of announcing to the consumer or to the business 
executive news of a fine chemical development and the 
promise of its use for public benefit. 


ADVERTISING IN UNIFORM 


But war is still the main function of chemical ad- 
vertising today. Throughout these months and years 
of combat it has been our duty to present information 
about our chemical products and services to all busi- 
nesses which might use them in their war production 
programs. This has not been as simple a job as 
might seem, for these messages have had to reach two 
different groups of persons. We have had to keep in 
mind that, while in peacetime our customers and po- 
tential customers usually are chemically experienced, 
the war brought hundreds and hundreds of new com- 
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panies into the production line-up. Processing in- 
dustries still are swollen with converted firms who, 
for the first time, were faced with the purchase and 
use of chemicals of strange names and applications. 
Advertising has had to aid in schooling these new 
manufacturing units in safe and efficient application 
of chemicals, and much of our copy, technical and 
general, has had to be written so that the newcomers 
to our industry could readily understand our instruc- 
tions. 

Even before Pearl Harbor this production of chemical 
information was a war program “‘must.’’ Then, data 
had to be available to help fit chemicals into defense 
roles. As preparation for war swept into full speed 
ahead, priorities and exhausted supplies of strategic 
materials, both chemical and nonchemical, placed 
tremendous demands on our industry. Substitutes 
for substitutes were the order of the day. Our re- 
search laboratories spawned new products in increasing 
number, and these, being put into production, were 
rushed to the industrial front. Along with them went 
factual advertising battalions, for it was equally im- 
portant that there should not be ‘‘too little, too late”’ 
in specific data to fit these chemicals for their wartime 
duties. These production lines still are the front lines 
of the chemical business, and the information we 
provide our customers with is ammunition. It is the 
kind of ammunition which General Arnold recently 
said is helping mightily to win this war. 

I have often used the allegory that chemical in- 
formation of the type referred to is chemical advertising 
in uniform. It is essential in the manufacture of 
matériel and machines superior to the enemy’s. If 
this is so, and I could take you behind the scenes to 
show you many examples, then those who produce 
these information soldiers have an important responsi- 
bility in our industry now and, I might add, after the 
war. 


CHEMICAL ADVERTISING NOT OLD 


Chemical information for the public is only a few 
years old, while the business world has known of it in 
volume only since the ’30’s. Thisis not surprising, 
for actually our industry is relatively new. Secondly, 
the industry’s products have rated a seller’s market 
during most of the years since World War I, and there 
has been little need to do other than to make the 
products and to present their characteristics. There 
was once only one plastic material. Now? You 
know the story. Then it didn’t matter if more than 
the original fabricator knew about the base of a plastic 
gadget, but now, in many instances, its story is told 
from kettle to consumer, through many different 
advertising strata. 


CHEMICAL ADVERTISING’S REQUIREMENTS 


What are the requirements of today’s chemical 
information which goes out to all classes of trades, 
engineers, and consumers? The first is truthfulness 
and here we have no ill past to rise up to trouble us. 
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A search through chemical literature will reveal an 
astonishing adherence to facts. There are bad ex. 
amples, but the industry is not plagued with patent 
medicine exhortations. In your general condemnation 
of advertising—if you are given to that—you should 
realize that your branch of the profession deserves 
considerable credit for sticking close to the ‘“‘straight 
and narrow.” As a result, there is little disbelief of 
orthodox chemical publicity and advertising by the 
public or by technical members of the industry. ° 

Thoroughness is another necessary attribute of today’s 
good chemical advertising, which not only sticks to 
facts but is based on an amazingly large quantity o/ 
them, with treatises usually on hand to cover the needs 
of the user. 

Fairness toward competitors is a characteristic of 
today’s chemical advertising. Few Federal Trade 
Commission admonishments have been administered 
to our industry; this is only as would be expected. 
By that I mean that the industry has always been 
content to stand or fall on the qualities of the products 
our companies make. Stunts of consumer copy have 
little place here. We do use salesmanship and show- 
manship in technical advertising and selling, for the 
facts must be brought to your attention and to the 
attention of the public. But the ‘‘pay-off” is on the 
stuff we build into the product or into the chemical 
service which is for sale. 


IMAGINATION ESSENTIAL 


What of the persons who do these jobs? Ideally, 
they should be factual artists. They must have 
imagination, for that is the moving spirit not only of 
our advertising but also of the chemical industry. 
They should be able to foresee the penetration of 
chemicals from one application to another in business 
and to be able to look beyond to the ultimate effect 
upon consumers. Should these persons have chemical 
training? Yes, if possible, but they must possess the 
ability of expression, for after all, that is our busi- 
ness—to interpret facts so that the different groups in 
industry and the public who use or influence the use 
of chemicais can understand the information they need. 

The problems of presenting these facts to technical, 
business, or consumer groups is no more or less com- 
plicated than that facing advertisers in any other kind 
of business. How well do we do it? I believe it 
can be honestly stated that chemical advertising has 
won a high estate for itself in the comparatively short 
time it has been used in any reasonable volume. To 
check this, the next time you look through your na- 
tional, business, and trade publications, take note of 
your industry’s advertising. Study it for design, 
illustration, type arrangement, style of writing, and 
plausibility of statement. When next you receive 4 
technical bulletin from a chemical company, note 
how little argument you can honestly have with the 
statements presented therein. I think you will agree 
that the job is done in a way that complements the 

(Continued on page 293) 
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Process for Treating Fish Livers. No. 2,345,099. L. 
O. Buxton, Belleville, New Jersey, assignor to 
National Oil Products Company. 

This patent involves a more efficient process of 
Hrecovering vitamins A and D from fish livers. 

An older and well-known method of recovering these 
vitamins is steam digestion at 100°C. or higher. How- 
ever, it is pointed out that the high temperatures re- 
fquired destroy substantial portions of the vitamin A 

in the oil and that unfavorable action of various lipo- 

lytic enzymes in the oily substance splits part of the 
oil into glycerol and free fatty acids. Darkening also 
occurs, because the proteins become partially soluble in 
oil. 

Another older process is to treat the crushed fish 
livers with glacial acetic acid and anhydrous sodium 
sulfate, heating the mass to above 70°C. to coagulate 
the liver protein and permit separation of the oil, and 
then mechanically removing the supernatant oil which 
separates from the mass. 

The present process includes crushing the raw fish 
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ally, 
ie livers and then treating with a water-miscible lower 
ly of aliphatic acid such as acetic, formic, or propionic and 
stry. JB 2" organic solvent for the liver oil. The oil-solvent- 
n of | acid mixture is removed from the treated mass and the 
ness fp Ol freed of solvent and acid. A much improved yield 
ffect BS obtained because the acid penetrates and carries 
tical JB Solvent into the liver cells while the enzymes are de- 
the —B activated and thus prevented from splitting the tri- 
usi- Ip glycerides of the oil into glycerol and free fatty acids. 
Si Mercury Detecting Method and Apparatus. No. 
use 2,345,090. Porter H. Brace, Forest Hills, Penn- 
eed. sylvania, assignor to Westinghouse Electric and 
cal, Manufacturing Company. 
real Mercury and its compounds, although extremely im- 
ind Ff portant in the conduct of the present war, represent a 
>t I dangerous health hazard to the workers in plants using 
has f cither the element or compounds containing it. It is 
ort now thought that the compounds are much more dan- 
To & verous than the element itself. 
na In order to combat the menace a good method of 
of detecting its presence in air is‘needed. The present 
5% ff patent allegedly accomplishes this result. 
nd Heat alone is sufficient to break down some mercuric 
° 4 HB compounds such as the oxide, sulfide, and chloride. 
Pa Others which will not respond to this treatment may 





be decomposed almost quantitatively by strong heating 
in the presence of lime. 

In one modification of the method, a sample of the 
contaminated air is drawn into a heated tube contain- 
ing a porous plug of lime. This dissociates the mer- 










Recent Chemical Patents 


WILLIAM S. HILL 
Member, Examining Corps, United States Patent Office 
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curic compounds and produces a corresponding pro- 
portion of free mercury. The gases are cooled and 
allowed to travel over a transparent strip containing 
selenium sulfide. Free mercury present in the gases 
will cause a darkening of the strip in proportion to 
the percentage of the substance present. A beam of 
light is projected through the strip and onto a photo- 
electric cell. Attached to the cell is a recording mech- 
anism which can be calibrated to read the amount 
of free mercury present in the gases. 

Another method described makes use of the principle 
that mercury vapor will absorb light of specific wave 
lengths, such as 2537 A. A beam of light from a low 
pressure mercury arc lamp which emits light rich in 
the suitable wave lengths is passed through a chamber 
containing the collected mercury vapor and then al- 
lowed to impinge on a photoelectric cell. Suitable 
recording apparatus is connected to the cell. 


Process for Preparing Hydrobromic Acid. No. 
2,342,465. Frieda Goldschmidt and _ Friedrich 
Deutsch, Rehoboth, Palestine. 

Hydrobromic acid is a substance which the student 
rarely sees outside of chemical equations. A new 
method of preparing it is now offered by the patentees. 

In the first stage of the process sulfur bromide is 
formed by dissolving sulfur in an excess of bromine. 

2S + Br, —> S.Brz 


In the second stage, sulfur bromide, bromine, and 
water are caused to react as follows: 


SoBre + 5Bre + 8H,0 ——> 2H2SO, + 12HBr 


The second reaction can be carried out by inixing 
sulfur bromide, bromine, and water, or by gradually 
adding sulfur bromide to a mixture of bromine and 
water. In this reaction water should be present in large 
excess. The temperature should not be allowed to rise 
above 60°C. 

The hydrobromic acid which is about 46 per cent 
aqueous solution strength is separated by distillation. 


Process for Forming Sheets or Films of Light-polariz- 
ing Material. No. 2,343,775. Edwin H. Land, 
Cambridge, Massachusetts, assignor to Polaroid 
Corporation. 

A new process of producing light-polarizing film is 
described in the present patent. 

A mass of suitable asymmetric polarizing crystals of a 
dichroic material such as colloidal herapathite is sus- 
pended in a transparent carrier such as cellulose acetate 
or polyvinyl acetal. The crystal suspension is then 
applied to a sheet of transparent material which also 
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may be cellulose acetate or polyvinyl acetal or it may be 
glass. 

The object is to orient the crystals in the film so that 
they all lie in parallelism. This is accomplished by 
several methods. One method is to draw the film 
under a scraper as it is formed. Another effective 
method is to apply either an electrostatic field or an 
electromagnetic field of force. Orientation may also 
be attained by extruding the film from a die orifice. 


Pest Control. No. 2,343,415. Frank H. Kaufert, 
St. Paul, Minnesota, assignor to E. I. du Pont de 
Nemours and Company. 

A new and more efficient chemical for controlling 
termites and other insects as well as fungi, bacteria, 
protozoa, and molds economically harmful to man is 
offered by the present patent. 

The methods now in use for controlling termites 
are effective but by no meansideal. Some of the poisons 
used are water-soluble and leach out of the soil. These 
chemicals also cause injury to ornaméntal plants. 
Others are either too volatile, not volatile enough, or 
are rendered inactive by chemical reactions with com- 
mon soil constituents. 

The new method makes use of either 2-chloro-6- 
nitrotoluene or 4-chloro-6-nitrotoluene or a mixture of 
the two. A concentrated emulsion suitable for pre- 
paring dilute spray emulsions may be prepared by 
blending 22'!/2 parts of 2-chloro-6-nitrotoluene, 21/2 
parts of ortho-dichlorobenzene, and 25 parts of straw 
paraffin oil to form a clear solution. This oil solution 
is then emulsified in 49 parts of a casein-borax solution 
prepared from 3 parts of borax and 6 parts of casein 
per 100 parts of water. One part of sodium lauryl sul- 
fonate is also included. This emulsion is applied to the 
soil in dilution of 1 to 2 parts of concentrate per 2 parts 
of water. 


Cloths for Electrochemical Diaphragms and Method 
of Preparing Same. No. 2,342,230. Karl Weber 
and Georg Bode, vested in the Alien Property 
Custodian. 

Cloths used for electrochemical diaphragms are com- 
monly made from after-chlorinated polyvinyl chloride. 
However, in the presence of a strongly acid electrolyte, 
the diaphragms will not prevent diffusion between 
anode and cathode liquids. 

The improvement represented by the present patent 
is in impregnating the polyvinyl chloride tissues with 
aqueous solutions of salts of silicic acid and certain 
metal salts such as those of barium and then treating 
with dilute sulfuric acid. 


Transmission Films for Glass, No. 2,344,250. Frank 
L. Jones, Brighton, New York, assignor to Bausch 
and Lomb Optical Company, Rochester, New York. 
This is another new process of increasing the light- 

transmitting ability of glass. 

The method is particularly adapted to crown glass, 
especially crowns of the soda-lime-silica type and the 
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borosilicate crowns. These glasses have compar 
tively low refractive indexes. 

The glass article is first immersed in a molten silve 
salt such as silver nitrate. Under this treatment, silve 
atoms penetrate the glass surface and replace the mono, 
valent alkali elements attached to the network ¢ 
silicon and oxygen atoms of the glass. The treatment 
is continued for 1 to 100 minutes at 300°C. or less 
The article is then immersed in a 50 per cent aqueow 
solution of commercial hydrochloric acid maintaine/ 
at about 95°C. This leaching step is continued unti 
a transmission film of purple color is formed on the sur. 
face of the glass. This usually takes about 47 hours. 

Before treatment these glasses transmit about 917 
per cent of the incident light which is normal to the 
air-glass surfaces. After treatment the transmission i 
about 95 per cent. 


Process for Manufacturing Litmus Dyestuffs. No. 
2,344,074. Haruyo Asahina, vested in the Alice 
Property Custodian. 

The usual method of preparing litmus dyestuffs is to 
ferment a kind of lichen. The lichen is found in only 
few isolated localities and the fermentation takes about 
40 days. 

The present process uses a much more easily obtain- 
able raw material and is completed in a few hours. 
This starting material is B-orcin (1,4-dimethylresorcin), 
It is treated with ammonia or an ammonia-producing 
substance in the presence of an alkali. 

One specific example of the method follows. A mix- 
ture of 5 parts of B-orcin, 120 parts of sodium carbonate, 
50 parts of ammonia, and 50 parts of water, all by 
weight, is heated for a few hours at a temperature of 
60 to 80°C. Blue litmus dyestuff is produced. 


Weed-destroying Preparation. No. 2,344,063. Her- 
bert Schotte, e¢ al., vested in the Alien Property 
Custodian. 

With the increased interest in gardens has come a 
greater appreciation of weed killers. This patent pro- 
poses the use of 2,6-dichloro-4-nitrophenol since it has 
shown great effectiveness in killing certain weeds with- 
out harming cereal plants. 

An effective preparation was obtained by combining 
1 part of 2,6-dichloro-4-nitrophenol with 2.5 parts of 
urea. The ratio of urea to the former compound may 
be as much as 4 to 1. This proportion of ingredients 
along with 3 parts of water is heated while stirring until 
solution takes place. The compound which crystal- 
lizes on cooling is the urea double compound. It is 
soluble in water in the concentrations used for weed- 
spraying, that is, 1 or 2 per cent. 


Fermentative Production of 2,3-Butylene Glycol. 
No. 2,344,025. Leo M. Christensen, Moscow, 
Idaho, assignor to National Agrol Company, Inc. 
New York City. 

The production of thousands of tons of synthetic 
rubber from butadiene has greatly increased the de- 
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Out of the Editors Bashet 


| panaeene L. MORRIS, of Putney, Vermont, writes 
us that after receiving the April number he car- 
ried out the experiment described on page 195 to show 
the liquefaction of ammonia. He says: “‘I tend to be 
suspicious of experiments like that . . . so when I tried 
it I protected my eyes and stood well back from the 
bench while the tube was being heated. Several drops 
of liquid ammonia had collected before the tube blew. 
The splinters of glass flew across the room. Only one 
sliced my hand, which was insufficiently protected.” 
We can only suggest that more care and skill are prob- 
ably required in the glass blowing. One should not 
attempt to draw out an ordinary test tube for this 
purpose, but should make a proper job of it, out of 
substantial tubing which will result in sufficiently 
thick walls. 


@ Scores of young men from the other Americas are 
being trained in factories, offices, and farms of the 
United States to take up special tasks in their home 
countries for the development of the hemisphere’s 
resources. This training program particularly is equip- 
ping young men with technical knowledge for building 
new industries of Latin America. ; 

The Inter-American Training Administration, which 
has been an operating division of the Inter-American 


Development Commission since June, 1943, aids this 
practical expression of the Good Neighbor policy. 
The Training Administration has been employed on 


42 inter-American training programs. These pro- 
grams involve about 1500 nationals of the other 
American republics, of whom more than 850 have 
been brought to this country. 

The trainees from Latin America work shoulder to 
shoulder with North Americans. They learn tech- 
niques and processes they can introduce in their own 
countries later on. They are working in more than 60 
industrial, agricultural, and scientific fields. 


@ S. Porter Miller, of Parsons College, Fairfield, Iowa, 
recently sent us the following verses of a catchy song 
which our readers may appreciate. He says the in- 
spiration popped up while he was conducting a chem- 
istry examination. It goes to the tune of the old 
jingle known as ‘‘Bible Stories,’ which many will re- 
member (we hope). The introduction and chorus, 
Which follows each verse as it is sung, is a very close 
parallel of the original. 


INTRODUCTION AND CHORUS 


Young folks, old folks, everybody come, 
Come and study chemistry and make yourself at 
home. 
Check your superstitions and your worries at the door, 
And you'll learn a lot of wonders that you never 
knew before. 


HYDROGEN 


Hydrogen was the first one that ever was invented, 
Without any girl-friend he had to be contented 
To pal-ing with himself in condition diatomic, 
Till he met Miss Oxygen—the explosion wasn’t 
comic! 


HELIUM 


Helium is a bachelor, unsocial little chappy, 
He’s quite a good balloonist, altitude will make him 
happy: 
All work he has refused, since we found him in the sun, 
Unless it’s when he’s shot from a radioactive gun. 


CARBON 


Carbon is a black man who gives us what we need, 
Sulfa drugs to heal us, and vitamins to feed: 
He brings the warmth into our homes, and power in our 
car, 
He dyes our clothes with colors from sticky black 
coal tar. 


NITROGEN 


Nitrogen is a shy lass, you'll find her in the air, 
The farmers call her Ceres and crown her at the fair: 
When Haber forced her marriage, she lost her self- 
control 
And blew to bits his homeland with Allied amatol. 


OXYGEN 


Oxygen’s a firebrand, lives in all three spheres, 
Vulcan finds her useful forging tools and gears, 
She puts the blaze in every fire, she purifies our drink, 
And underneath the Oxygen-tent, saves many from 
the brink. 


THE HALOGENS 


The Halogens are sisters, in all they number four, 
As spinsters they are poison; as housewives, further- 
more, 
They are the salt of sea and earth, for seasoning the 
best, 3 
Your nose will warn you of the first, your tongue will 
taste the rest. 


FLUORINE 


Fluorine is a dizzy blonde, a lively little lass, 
She’s strong and quick and active, and can surely 
chew up glass! 
She doesn’t mind compression’s squeeze in our re- 
frigerator 
And she can stop our tooth decay, which doesn’t 
make us hate her. 
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CHLORINE 


Chlorine’s full of envy, her face is yellow-green; 
She’s poisonous to friend and foe, the worst you’ve 
ever seen. 
But she brightens up the kitchen sink, she makes the 
water pure, 
And then as Mrs. Table Salt, she’s charming and 
demure. 


BROMINE 


Bromine is a brown-skin, an awful smelly wench, 
She flows along like water and makes an awful 
stench: 
When wed to bright potassium, she’s beautiful, and 
serves 
As sedative to quiet down our “‘jitter-buggy”’ nerves. 


IODINE 


Iodine’s the brunefte, with eyes of purple hue. 
Some will say that she’s sublime, but others caution 
you 
To use her only when dilute, for cuts upon your hand. 
If she is present in your salt, she'll fix your thyroid 
gland. 


SULFUR 


Sulfur, known as brimstone to men of yesteryear, 
With sharp and sneezy vapor was sufficient cause 
for fear. 
When oxidized to acid or linked to rubber’s chain, 
Of all the elements in use, it is, indeed, the main. 


PHOSPHORUS 


Phosphorus, our Lucifer, the bright and morning star, 
When rubbed upon a match-box, sheds his light afar: 

He works for us in “‘tetra’’ to make hard water soft; 
As phosphate fertilizer he fills the farmer’s loft. 


IRON 


Iron is a Samson, the father of an age, 
His industrial revolution was a marvel to the sage: 
Oxygen is like Delilah, makes him bite the dust, 
And then when she gets through with him, there’s 
nothing left but rust. 


ALUMINUM 


Aluminum is recent among the metal clans, 
It’s light and bright and sturdy, and makes goo 
pots and pans: 
In peace it helps the architect to build a modern town, 
In war it helps the bomber which tries to burn it 
down. 


CALCIUM 


Calcium is a mason who works in stone and plaster, 
For cement walls and marble halls, you'll find that 
he’s the master, 
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He helps to build our body’s bones, the more as we 
grow old; 
His limestone caves and caverns are wonders to 
behold. 


URANIUM 


Uranium is the final one, a great magician he, 
Once he pulled a fast one to upset a theory: 
After many million years of slow disintegration, 
He’s still quite young and healthy, the marvel of 
creation. 


@ Sado Paulo, the coffee capital of the world and chief 
industrial and commercial center of Brazil, is on the 
way to becoming one of America’s great cultural cen- 
ters as well. Not long ago the cornerstone was laid 
for the School of Metallurgy of the new Polytechnic 
Institute of SAo Paulo, which is to be a 988-acre Uni- 
versity City, modeled after university campuses in the 
United States. The dormitories and dining rooms 
which, among other buildings, will be constructed here, 
will be an innovation to Brazil; heretofore its educa- 
tional centers contained only buildings for administra- 
tion and instruction, leaving students to shift for them- 
selves for board and lodging. It is reported that a 
plan is under consideration for the establishment of 
seven new universities in Brazil, to be located at 
Pernambuco, Bahia, Rio de Janeiro, Minas Geraes, 
Parana, Rio Grande do Sul, as well as Sao Paulo. 


@ The war is stimulating new industrial developments 
throughout Latin America. In Mexico, for example, 
the difficulty of obtaining supplies from the United 
States, as well as the development of local markets, is 
an incentive to expand the production of chemicals. 
New plants have been built, or are under construction, 
for the production of steel, cellulose, acetic and sulfuric 
acids, and many other chemicals. German-controlled 
drug concerns have been taken over by the Mexicat 
government. 

The Brazilian chemical industry has made consider- 
able progress. New projects completed, under way, 
or planned include a 50,000-ton plant for the mant- 
facture of caustic soda and sodium carbonate; a plate 


“glass factory; several plastic plants; a sulfuric acid 


plant, and many vegetable and fruit oil extracting 
plants. Several plants have been added for the pro- 
duction of pharmaceuticals. 

Manufacture of rubber goods from Brazilian rubbet 
has increased considerably. A variety of rubber 
products formerly imported are being made in Brazil. 
Expansion in the paper industry includes constructiom 
of a plant with reported capacity of 40,000 tons 
newsprint pulp and 40,000 tons of chemical wood pulp. 

Rapid growth of the Brazilian cement industry has 
continued during the war to meet construction de 
mands. Output of cement has increased nearly thre 
times since 1931. Three large plants have been built 
since 1939. Building has made long strides in Rio de 
Janeiro, the capital, and Sao Paulo. 
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Production of DDT, the war-developed insect 
powder, is expected to be expanded sufficiently during 
the next several months to provide for all needs of the 
military in its insect-control programs. 

At present, all production is going to the military 
except small quantities released for experimentation, 
but limited civilian distribution for agricultural and 
essential civilian uses may be possible later in 1944. 

Brig. Gen. Stanhope Bayne-Jones, chairman of the 
U. S. Army Typhus Commission, who reported that 
the dusting of 1,300,000 Neapolitans with DDT had 
cut new typhus cases from 60 to 10 a day, checking a 
dangerous epidemic, said DDT was now an important 
factor that might have an effect on the history of the 
world. By making it possible to avert customary war 
and postwar typhus epidemics, it might make a great 
practical difference in the capacity of the European 
peoples to regenerate themselves and their govern- 
ments, he said. Its importance is global, he said, in 
controlling insect-borne diseases. 


@ Thousands of metal dispensers—each about the 
size of an ordinary household tin can—are being 
shipped daily to America’s fighting men in the South- 
west Pacific and other tropical areas to eradicate mos- 
uitoes, flies, and other insects that spread disease. 
Harmless to humans, the fine mist discharged from the 
dispensers exterminates insects in tents, barracks, 
tanks, airplane cabins, and even fox holes. 

So potent is the insecticide that 7,000,000 “bug 
bombs” could kill the insects in every house in North 
and South America. 

A war-born invention, the device probably will be 
used after the war to kill insects in farm buildings and 
homes. 

It may even be developed to the point that by sub- 
stituting thin paint for insecticide, it can serve as a 
aint gun to spray furniture, automobiles, and other 
things. 

In use today on the fighting fronts, the bombs 
ontain a mixture of pyrethrum, sesame oil, and 
Freon. The right combination of pyrethrum and 
sesame oil creates the insecticide that is deadly to 
insects; Freon, the same gas that creates the “‘cold’”’ 
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in refrigerators, provides the pressure to expel the in- 
secticide and carry it suspended in mid-air. 

When a soldier wants to rid his tent of mosquitoes, 
flies, and lice, he unscrews a cap attached to a needle- 
sized tube extending down into the bomb and points 
the outrushing spray in various directions. In about 
three seconds, after enough insecticide is emitted to 
kill all insects in a pup tent, the soldier shuts off the 
spray by replacing the cap. 

One dispenser contains a pound of insecticide, suffi- 
cient for 12 to 14 minutes of spraying—enough to ‘“‘de- 
bug’”’ 150,000 cubic feet of space, or the equivalent of 
240 pup tents or 50 giant bombers. The lightweight 
steel containers are thrown away when empty, making 
it unnecessary to carry cumbersome spraying equip- 
ment. 


@ Alcohol production for March established a new 
record, with 51,500,000 gallons of 190-proof alcohol 
produced, as compared with 46,700,000 gallons in the 
previous high month of January, 1944, the Chemicals 
Bureau of the War Production Board reported today. 
Imports for the month amounted to 1,800,000 gallons, 
as compared with 900,000 gallons in January. 

The production performance was due in part to favor- 
able water conditions, which will not be maintained 
during the summer. Government stocks as of March 
31 stood at 85,200,000 gallons. Production from new 
plants is now becoming a significant factor, totaling 
4,000,000 gallons for that month. 


e@ Another contribution to the literature of student and 
vocational guidance has just appeared in the form of 
Number 48 in the series of ‘‘Vocational and Professional 
Monographs” (published by Bellman Publishing Com- 
pany, 6 Park Street, Boston, Massachusetts). This 
number, entitled ‘‘Chemical Engineering,” is written 
by Charles E. Reed, of the Department of Chemical 
Engineering of the Massachusetts Institute of Technol- 
ogy, and describes the nature of the profession and the 
qualifications necessary for entrance into it, the 
types of positions available, and opportunities for ad- 
vancement. It should be available to all students 
contemplating a career in chemistry or engineering. 


CHEMICAL ADVERTISING (Continued from page 288) 


ne your products are doing on both the home front 
and along the firing line. 


POSTWAR A GROWING CHALLENGE 


Any discussion of advertising, public relations, and 
Sales promotion activities in the chemical industry 
would be incomplete without reference to postwar. 
Already, we are doing what we can to prepare for the 
Hood of requests for technical literature which will 
Se higher and higher as V-Day approaches. AI- 
hough this work still is secondary to the main job of 


helping to finish this war faster, its import is increasing 
daily as we seem to approach the time of military 
decision. 

We can have every confidence that advertising’s 
postwar job will be taken in stride in the same success- 
ful way that advertisers handled the industry’s get- 
ready-for-war-problems. It will be an exciting period 
and you can scarcely get much closer to the postwar 
firing line than in a phase of advertising. If you can 
qualify, now is the time to make this move toward 


helping to win the peace. 





Spot Reaction Experiments 


Part VI: Iso- and Inner-molecular Redox Reactions 


FRITZ FEIGL 


Laboratorio da Producao Mineral, Ministerio da Agricultura, Rio de Janeiro, Brazil 


(Translated by Ralph E. Oesper, University of Cincinnati) 


HE oxidation and reduction of elements and com- 

pounds involves accurately definable changes in the 
valence numbers and electrical charges of atoms and 
groups of atoms. Frequently, certain changes in solu- 
tions, melts, or in sintering processes are designated 
simply as oxidations or reductions. This usage is 
open to criticism because one of the reactants is ar- 
bitrarily chosen as being the more important, and the 
concurrent change undergone by the second reactant 
is disregarded. Inspection of chemical equations 
shows that every oxidation (or reduction) of molecules 
or ions is necessarily accompanied by the simultaneous 
reduction (or oxidation) of other molecular or ionic 
species. Consequently, the term oxidation-reduction 
should always be used, or, for convenience, such 
changes can be referred to as redox reactions, or re- 
actions in a redox system. 

The more familiar redox reactions involve two differ- 
ent molecular or ionic species as oxidant and reductant, 
respectively. (The participation of water molecules in 
solutions is disregarded here.) Consequently, it seems 
worth while to direct attention to redox reactions, 
which involve only one molecular species. Such iso- 
molecular redox reactions can take place in solution or 
in the solid state. Their stoichiometric formulations 
show that these are either mono- or bimolecular re- 
actions. Their class characteristic is that one atom or 
group of atoms is oxidized at the expense of another 
atom or radical of the same molecule or molecular 
species. In many instances the active atoms or groups 
are the cationic or anionic constituents of the particular 
redox system. It is also worthy of note that iso- 
molecular redox reactions, without exception, are ir- 
reversible. 

18. Higher Metal Oxides and Noble Metal Oxides as 
Redox Systems. If the valence changes of two different 
atoms in chemical compounds are regarded as the dis- 
tinctive feature of redox reactions, then the thermal 
decomposition of higher metal oxides, and of noble 
metal oxides are familiar instances of iso-molecular 
redox reactions. These particular oxides can be 
looked on as redox systems. 

The following decompositions are easily brought 
about. They are redox reactions because they result in 
a decrease in the valence of the metal (reduction) and 
conversion of chemically bound oxygen into the free 
element (oxidation). The noble metal oxides give the 
metal (reduction), while oxygen is evolved. 


3PbO, — Pb;O, + Oz 
3MnO, > Mn,O, + O, 
2Ni,0; — 2NiO + 20, 
2Ag.0 — 2Ag + Oz 
2HgO — 2Hg + Oz 


The thermal decomposition of permanganatt 
(4KMnQ, — 2K,0 + 4MnOe + 302) can logically k 
placed in this category. 

Certain higher oxides of nonmetals, which form salts 
also lose oxygen when ignited. Salts of the lowe 
oxides are left; sometimes oxygen-free salts remait 
The decrease in the valence of nitrogen or chlorine cot- 
stitutes the reduction, while the conversion of bound ti 
free oxygen is the oxidation in the following familia 
examples: 


2KNO; — 2KNO, + Oz 
2KCIO; — 2KCI + 302 
KCIO, — KCI + 20, 


The preparation of perchlorate by carefully heating 
chlorate (4KCIO; — 3KCIO, + KCl) is obviously : 
redox reaction. 

The liberation of oxygen from hydrogen peroxitl 
is another example of this same kind. Its preparation 
and chemical behavior indicate that hydrogen pet 
oxide has the structures (I) and (II). The water solv 
tion possibly contains an equilibrium mixture of tht 
two forms. The release of oxygen is from structurt 


(II) 
H—O > H H 
ab pom pore 


(I) (II) 


The change O(4) — O(2) constitutes the reductiot) 
the change O(2) — O(0) the oxidation. Even thougl 
only formula (I) is accepted, the decomposition nomt 
theless is a redox reaction, because H—O—O—H ~ 
H—O—H is a reduction, while the transformation 
peroxide-bound oxygen to the free element is an oxid# 
tion. 

Procedure: Small quantities of lead peroxide 
nickelic oxide, mercuric oxide, etc., are placed 
microcrucibles and gradually brought to a high teil 
perature. The dark lead dioxide turns red (minium); 
the black nickelic oxide becomes dark green; the m¢ 
curic oxide leaves no residue (volatilization of mé 
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cury). (The nickelic oxide is prepared by adding alkali 
and bromine water to a solution of nickel sulfate.) 

A little precipitated manganese dioxide is placed in 
a depression of a spot plate. Two drops of 3 per cent 
hydrogen peroxide are added. Small bubbles of oxy- 
gen appear. The MnO: is not altered. The black 
oxide acts merely as a surface catalyst. 

19. Redox Reactions of Copper Salts. 
a 

linkage can often 
4... 
be converted into cuprous salts of the same anion. 
The copper is reduced [Cu(2) — Cu(1)] at the expense 
of the anionic portion, which is oxidized to the corre- 
sponding disulfide. Cupric salts, which can thus be 
transformed into cuprous salts without the addition 
of a reducing agent, may, therefore, be regarded as 
redox systems. Familiar instances are cupric thio- 
cyanate and xanthate. 

A black precipitate, Cu(CNS)e, results when an 
alkali thiocyanate acts on a cupric solution. It de- 
composes and turns white slowly at room temperature, 
quite rapidly on warming: 


2Cu(CNS). —> Cuo(CNS)> a (CNS)e 


This is an iso-molecular redox reaction, since cationic 
and anionic constituents of the same molecular species 
are mutually reduced and oxidized. Two molecules of 
the cupric thiocyanate are necessary for the formation 
of cuprous thiocyanate, consequently the equation 
indicates a bimolecular reaction. However, the ‘‘or- 
der” of a reactiog has a real meaning only when the 
particular reactants are actually present in molecular 
(ionogenic) form. This is not true of materials that 
persist in the solid state throughout a reaction. The 
molecules, or ions, of a solid compound are fixed in a 
rigid space arrangement (lattice); they do not possess 
the mobility that is characteristic of dissolved or gas- 
eous molecules. Consequently, if it is assumed that 
the change of cupric to cuprous thiocyanate occurs in 
the solid state, then the neighboring Cut+ and CNS~ 
ions of the lattice react with each other. This redox 
reaction should then be included in the extensive class 
of reactions that occur in the solid state.! It is pos- 
sible, however, that the reaction proceeds through the 
dissolved portion of the cupric thiocyanate (or its ions). 
This decomposes mono-molecularly into its radicals 
which then polymerize at an immeasurably rapid rate: 


Cu(CNS)2 — CuCNS + CNS... .slow 


2CuCNS — Cu,(CNS) : 
2CNS —> (CNS); *} ....rapid 


Organic 


cupric salts that contain the Cug 


The postulate that the redox reaction occurs through 
the dissolved material is supported by the fact that 
the change of cupric to cuprous thiocyanate is consider- 
ably speeded up by raising the temperature, that is, 
by increasing the solubility of the salt. 

Cupric xanthate behaves analogously. When potas- 
sium xanthate is added to a cupric solution, brown- 


‘ FEIGL, MIRANDA, AND SUTER, THIS JOURNAL, 21, 18 (1944). 
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black cupric xanthate (I) precipitates. It quickly 
changes to the yellow cuprous xanthate (II) with con- 
comitant production of xantho-disulfide (III). 


so so sao 
| + | 


Ss 
OG 


coe 


(IIT) 


The mechanism suggested for the formation of cuprous 
thiocyanate and thiocyanogen from cupric thiocyanate 
can also be applied to this further example of an iso- 
molecular redox reaction. 

The almost spontaneous fissions of these salts are 
examples of rapid iso-molecular redox reactions of 


cupric compounds containing the Cu group. How- 
S— 


ever, even stable cupric compounds of this type can 
act as redox systems. The simplest case is cupric 
sulfide. When heated, it loses sulfur and is quantita- 
tively converted to cuprous sulfide: 


2CuS > CwS + S 


The rapid decomposition of cupric xanthate at room 
temperature and the thermal decomposition of cupric 
sulfide present the extremes of this type of redox re- 
action. Between them lies the case of cupric mercapto- 
benzthiazol (IV). This compound, which is used in the 
quantitative determination of copper,? can be ob- 
tained pure by drying the precipitate at 110°C. When 
heated to 160°C., the bright yellow salt turns brown- 
red. The writer has found that the change is analo- 
gous to those just discussed: 


—N,y UN 
£ Sc—s—Cu—s—¢ = 
he, PS S i 


(IV) 


SC—Ss—Cu—Cu—S—C?¢ 
S/ NS 


—Ny V4 N | 
So—s—s—c¢ 
s/ \s oh 


Cupric tetrammine polyiodide also functions as a 
redox system. When this stable brown-black salt is 
warmed, ammonia and iodine are set free. The 
residual Cul, is not stable; it undergoes a redox 
reaction, decomposing into iodine (oxidation) and 
white cuprous iodide (reduction) : 


P 2 Spacu AND Kuras, Z. anal. Chem., 102, 24 (1935); 104, 88 
1936). 


-. 
a 





Cu(NH3),I2-xI2 => 4NH; + xI2 + Cul, 
2Cul, <> Curl2 + I. 


Procedure: (a) Cupric thiocyanate. Duplicate mix- 
tures of 2 drops of 5 per cent potassium thiocyanate and 
2 drops of 5 per cent copper sulfate solution are pre- 
pared in two microcrucibles. Black Cu(CNS)> pre- 
cipitates at once. One of the crucibles is then care- 
fully warmed (hot plate or microflame). The color of 
the precipitate lightens decidedly and eventually be- 
comes perfectly white. 

(b) Cupric mercaptobenzthiazol. Twe small crucibles 
are each charged with 10 drops of 2.5 per cent alcohol 
solution of mercaptobenzthiazol and 5 drops of 1.5 per 
cent solution of cupric acetate in 1 N acetic acid. The 
contents of the crucibles are taken to dryness in an 
oven (110°C.). One of the crucibles is then placed 
on a hot plate previously heated to 200°C. The 
yellow copper salt soon becomes dark orange. 

(c) Cupric tetrammine polyiodide. _A soluiion of 
copper sulfate is treated with ammonia water until 
the initial precipitate dissolves. The cupric tetram- 
mine sulfate is precipitated by adding alcohol, washed 
free of ammonia with alcohol, and dried by washing 
with ether. The salt is then treated with an excess of 
potassium iodide-iodine solution. The precipitate is 
filtered, and washed with water. A small portion 
of the moist product is carefully heated on a crucible 
lid. Iodine vapors are evolved. The residue will be 
almost colorless, provided the temperature was not 
too high. 

20. Ammonium Salts as Inner-molecular Redox 
Systems. All ammonium salts lose ammonia when 
heated. The salts derived from volatile acids con- 
sequently leave no ignition residue, while those de- 
rived from nonvolatile acids lose ammonia and water 
and leave the acid anhydride. An exception to this 
behavior is provided by the ammonium salts of those 
acids that are also oxidants. In such cases, com- 
plete or partial oxidation of NH; (or the NH,+ ion) 
may occur, with concurrent complete or partial reduc- 
tion of the anionic portion of the salt. Familiar ex- 
amples of the complete thermal decomposition of am- 
monium salts, without the liberation of ammonia, are 
furnished by the nitrate and nitrite: 


NH,NO; —> N.O + 2H.0 
NH,NO: se Ne + 2H:20 


These decompositions are inner-molecular redox re- 
actions; the production of N,O or Nz from NH; (or 
NHy,* ion) is an oxidation; the production of these 
materials from the NO; or NO: group is a reduction. 
In other words, nitrogen atoms are oxidized and re- 
duced. Hydrazine nitrate exhibits analogous decom- 
position reactions. 

Striking instances of ammonium salts as inner- 
molecular redox systems are given by the salts of 
chromic, molybdic, and tungstic acids. These are 
nonvolatile metallic acids, whose metal atom is sus- 
ceptible to reduction. 
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If dry ammonium chromate or bichromate (powder 
or small lumps) is heated at one spot, an energetic 
reaction starts. The initial glowing spreads, even 
though the external source of heat is withdrawn. 
Cr2O; is left; the bulk of this fine green powder is 
several times that of the original salt. This well- 
known decomposition can be expressed: 


2(NHs4)2 CrO, > (NHsg)2 Cr20; + H,O 
(NH4)2 Cr207 — Cr203 + Nz + 4H20O + heat 


The nitrogen of the ammonium group is oxidized 
[N(5) — N(0)]; the chromium of the Cr,0; group is 
reduced [Cr(6) — Cr(3)]. Accordingly, these are 
inner-molecular redox reactions, analogous to the ther- 
mal decompositions of ammonium nitrate and nitrite. 
Here also the anionic portion acts as oxidant, the cat- 
ionic portion as reductant. 

Ammonium molybdate and tungstate behave anal- 
ogously, at least to a degree. Since Mo(6) and W(6) 
have a lower oxidizing power than Cr(6), the extent 
of the redox reaction is less in these two cases. How- 
ever, the redox reaction can be demonstrated under 
properly chosen conditions. 

When ammonium molybdate, or tungstate, is briefly 
ignited, with access of air, a blue-green residue is left. 
On further ignition, this turns white, or light yellow 
(MoO;, or WO;). The first color change is due to the 
production of small amounts of lower oxides of molyb- 
denum, or tungsten, whose general formula can be 
written: xMeO;-yMe,03. When ignited in contact 
with air these lower oxides go over into MeOs, which has 
little or no color at room temperature. If the thermal 
decomposition of ammonium molybdate or tungstate is 
carried out, with exclusion of air, a dark blue residue 
is obtained. Under these conditions considerable 
quantities of the highly colored lower oxides result. 
These mixtures are often called ‘‘molybdenum, or tung- 
sten blue.” The following reactions occur whet 
ammonium molybdate (tungstate) is ignited: 


2(NH4)2MoO, > 2NH; + H2O + (NH;4)2Mo.0; (paramolybdate) 


(NH,)2Mo.0; > Nz + 4H.O + Mo.0; (colored constituent of 
“molybdenum blue”) 


The decomposition of the paramolybdate involves the 
change of N(5) — N(0); and of Mo(6) — Mo(3); 
in other words a typical case of inner-molecular redox 
action. 

Complex molybdates also function as redox systems 
A familiar instance is ammonium phosphomolybdate, 
(NH,)sPO,-12Mo0;. If this bright yellow material 1s 
briefly ignited, the residue is a dark blue. It is not 
pure P.,O;-24Mo0O;, but actually it is a mixture of 
these anhydrides with lower oxides (perhaps also 1i- 
trides) of molybdenum. 

Procedure: A small crystal of ammonium chromate, 
or bichromate, is cautiously heated in a small test tube. 
As soon as the reaction starts, the flame is taken away: 
The reaction continues, the glow spreads, and dark 
green Cr2O; is left. The analogous redox decompos 
tion of ammonium molybdate, or tungstate, is no! 
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exothermic; the heating should be continued until 
the residue is blue. It is imperative that no atmos- 
pheric oxygen reach the blue oxides; otherwise they are 
reoxidized. 

One drop of a solution of ammonium molybdate in 
dilute nitric acid is placed in a microcrucible containing 
one drop of alkali phosphate solution. The yellow 
crystalline precipitate, (NH4)3PO,-12Mo0O;-aq,., is care- 
fully brought to dryness and then ignited for one or 
two minutes. A dark blue residue is obtained. 

21. The Decomposition of Sodium Thiosulfate as 
an Inner-molecular Redox Reaction. Solutions of alkali 
thiosulfate decompose when acid is added: 


S.0;-— + 2H+ > H.O + SO: + S 


The sulfur does not precipitate at once; it appears only 
after a measurable interval. This gradual deposition, 
together with the known existence of esters, as well 
as salts, of thiosulfuric acid, makes it probable that 
the action of acids on thiosulfates is analogous to the 
decomposition of carbonates by acids. The primary 
product is thiosulfuric acid. It loses water and the 
anhydride decomposes: 
O OH 


\Z 
(+6)S —- H,O+S0:+S 

Jn. (+4) (0) 
O $H : 

(—2) 

The change S(+6) — S(+4) is a reduction; S(—2) — 
S(0) is an oxidation. Accordingly, the disintegration 
of thiosulfuric acid can be regarded as an inner-molecu- 
lar redox reaction, which is further noteworthy be- 
cause only the anionic portion functions as a redox 
system. 

Solid sodium thiosulfate decomposes at moderate 
temperatures. When heated, the salt NaeS.03-5H2O 
melts in its water of crystallization and the liquid de- 
composes on further heating: 


4Na.S.0; —- 3Na2SO, + NaS + 4S 


This obviously is also an inner-molecular redox reaction. 
Procedure: Several crystals of sodium thiosulfate are 
placed in a depression of a spot plate and dissolved in 
water. The solution is acidified with a few drops of 
dilute hydrochloric acid. Sulfur gradually appears. 

Crystallized sodium thiosulfate is melted in a small 
test tube; the heating is then continued until sub- 
limed sulfur coats the walls of the tube. The residue 
yields hydrogen sulfide if treated with acid. 

22. The Decomposition of Alkali Stannite into 
Stannate and Tin as an Iso-molecular Reaction. When 
stannous chloride is treated with alkali, a precipitate is 
formed, and then dissolves in.an excess of the base: 


SnCl, + 2NaOH — Sn(OH)2 + 2NaCl 
Sn(OH): + 2NaOH — NaSnO, + H2O0 
The clear solution of alkali stannite does not keep. It 
is attacked by the air, forming metastannate: 
2NaSnO, + O. —~ 2Na2SnO; 
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Furthermore, the solution often turns brown on stand- 
ing; the color is due to the precipitation of finely di- 
vided tin. The liberation of one-half of the tin can 
be hastened and made quantitative by boiling down the 
stannite Solution. As soon as the concentration be- 
comes rather high, the following rapid redox reaction 
takes place: 


2Na2SnO, + H,O — NaSnO; + Sn + 2NaOH 


One-half of the tin is oxidized; the other half is reduced. 
This redox equation can also be written ionically : 


SnO.-~ + SnO.~~ — SnO.-~—~ + Sn 

The formation of orthostannate from metastannite is 
another instance of a redox system in which only the 
anionic portion participates. 

Procedure: Stannous chloride is added to water. 
The precipitate due to hydrolysis is disregarded. So- 
dium hydroxide solution is added to the suspension 
until a clear solution is obtained. One or two drops of 
this stannite solution-are transferred to a small crucible 
and heated on a hot plate. As soon as the solution has 
boiled down somewhat, metallic tin separates as a black 
deposit. 

23. Valence Isomerism and Tautomerism of Ferric 
Sulfide as an Inner-molecular Redox Reaction. The 
addition of ammonium sulfide to acidified or naturally 
acid (hydrolyzed) ferric solutions precipitates ferric 
sulfide, along with varying amounts of ferrous sulfide. 
Pure ferric sulfide, Fe.S;, can be obtained by adding 
ammonium sulfide to a ferric solution that contains 
enough tartaric or citric acid (or their alkali salts) to 
prevent the precipitation of hydrous ferric oxide when 
ammonia water is added. The composition of the pre- 
cipitate can be established by its reaction with an am- 
moniacal zinc solution.* The black precipitate is then 
replaced by a light brown one; white zinc sulfide and 
brown ferric hydroxide result: 


Fe:S, + 3Zn(NH;),(OH)2 > 2Fe(OH); + 3ZnS + 12NH; ~ (1) 


Surprisingly enough, the pure FeS; precipitated by 
(NH,)2S reacts not only as ferric sulfide, as just shown, 
but under certain conditions it also reacts as ferrous 
sulfide.‘ 

When a suspension of ferric sulfide is treated with a 
solution of mercuric chloride, black HgS (or white 
HgS-2HgCl.) is precipitated, and all of the iron enters 
the filtrate in the divalent condition. The production 
of ferrous chloride can be shown by the sensitive 
color reaction with a,a’- dipyridyl. The reaction with 
mercuric ch! ride can be written: 


The diverse behavior of ferric sulfide toward these re- 
agents makes it necessary to assign two distinct struc- 
tural formulas to Fe2Ss: 


3 Sroxes, J. Am. Chem. Soc., 29, 304 (1907). 
_ 4 Feici, Z. anal. Chem., 72, 32 (1927); FrEIGL AND BAECKER, 
ibid., 74, 393 (1928). 





Fe=S 
< 
Fe=S 
(FeeS; as ferric sulfide) 


pre—-$ 

Ket 
(Fe2S; as ferrous polysulfide) 
Consequently, this sulfide presents, first of wall, an in- 
stance of valence isomerism. Furthermore, since the 
two forms exhibit different modes of chemical action, 
they are tautomers. Organic chemistry provides 
numerous examples of isomerism and tautomerism but 
instances are quite rare among inorganic materials. 
Accordingly, Fe2S; deserves particular notice. In the 
present connection, this compound in its change from 
ferric sulfide to the most probable structural formula- 
tion of ferrous sulfide presents an iso-molecular redox 
reaction. The change Fe(3) — Fe(2) is patently a 
reduction; the change of two sulfur atoms bound di- 
rectly to metal into sulfur with polysulfidic linkage is 
an oxidation. 

Procedure: Ferric chloride solution is treated with 
ammonia water and then enough tartaric acid is added 
to dissolve the precipitate. The solution is again 
made ammoniacal, and the iron sulfide is precipitated 
by adding a slight excess of colorless ammonium sul- 
fide. The Fe2S; is gathered by centrifuging, and then 
washed. Small quantities of the solid are placed in 
adjacent depressions of a spot plate. Several drops of 
strongly ammoniacal zine chloride are added to one 
portion. On stirring, the black precipitate turns yellow 
brown [see equation (1)]. The FesS; in the other 
depression is treated with several drops of concen- 
trated mercuric chloride solution. On stirring, the 
precipitate becomes light yellow. One drop of a solu- 
tion of a,a’-dipyridyl (in HCl) is added. A red color, 
due to Fe(a,a’-dipyridyl)sCle, develops, signifying that 
the reaction represented by equation (2) has occurred. 

24. The Calomel Reaction as an Inner-molecular 
Redox Reaction. The name ‘‘calomel’’ (Gr. kalos, 
beautiful, + melas, black) was given to white, insoluble, 
mercurous chloride because it turns deep black on con- 
tact with ammonia. This reaction, which is widely 
used to identify HgeCl, in the presence of AgCl, PbClh, 
and TICI, can be represented: 

He—Cl 
Hg—Cl 

Most texts ascribe the blackening to the production 
of finely divided mercury. This explanation is valid 
only to a certain extent. 

It has been found’ that the black disappears almost 
entirely and the Hg2Cl, is regenerated if the reaction 
product is acidified with HCl or H2SO, directly after 
adding ammonia to calomel. This behavior is not in con- 
formity with the foregoing equation. Only HgNH,Cl 
is soluble in the acids; the metallic mercury will not 
dissolve. If, however, the acid is not added until the 
black product has stood for some time the behavior is 
consistent with the equation. The residue of the acid 
extraction then consists chiefly of free mercury. 


5 FEIGL AND SuUCHARIPA, Z. anal. Chem., 67, 134 (1925); see 
also Ecrptus, Z. anorg. allgem. Chem., 240, 97 (1938). 


NH, 
+ 2NH; > He + Hg + NH,CI 
Cl 


JouRNAL OF CHEMICAL Epucatioy 


The diverse behavior can be plausibly explained, 
The mercuri-amido chloride and free mercury are not 
the primary products. The reaction actually takes 
place in two steps whose rates are quite different 
The first reaction is: 


g—NH: 
+ NH,Cl (rapid) 


Cl H 
+ 2NH;— | 
1 H. 


g—Cl 





reconverted to 
Hg.Clh, by acid 


This is followed by: 
Hg—NH:2 


NH, 
-> He + Hg measurably (slow) 
Hg—Cl Cl 


insoluble 
in acid 


soluble 

in acid 
The summation of these gives the usual equation. The 
second partial reaction obviously is an inner-molecular 
redox reaction, in which one of the Hg atoms of the 
calomel is oxidized, while the other is reduced. 

The behavior of mercurous chloride toward am 
monia is not unique, or even exceptional. It is wel 
known that many soluble mercurous salts behave as 
though they consist of a mixture of free mercury anda 
mercuric salt. Such cases are probably analogous to 
the calomel réaction, in that true mercurous compounds 
are formed at first. They are unstable, and in turn, 
undergo an inner-molecular redox reaction and decom- 
pose into free mercury and a mercuric compound. 

Procedure: A pinch (tip of knife blade) of solid 
mercurous chloride is placed in a depression of a spot 
plate and moistened with 5 drops of 0.1 N ammonia. 
After mixing, the mass is allowed to stand for two hours. 
At the end of this period an approximately equal bulk 
of the calomel is put into an adjacent depression and 
likewise mixed with 5 drops of the ammonia water. 
Both mixtures are then acidified with 5 drops of sul- 
furic acid (1:2) and stirred. The aged specimen be 
comes permanently gray, while the freshly prepared 
mixture leaves an almost colorless residue. 

25. The Decomposition of Oxalic Acid as an Inner 
molecular Redox Reaction. When crystallized oxalic 
acid, H2C.04:2H20, is heated to 180°C., it loses its 
water of crystallization and then decomposes: 


H2CsO, —- H,O + CO + CO, 


The same decomposition results when the solid is 
cautiously warmed with an excess of concentrated 
sulfuric acid. The latter acts as a dehydrant, perhaps 
forming as intermediate the unstable (hypothetical) 
anhydride C,03. The latter disintegrates into C0 
and COs. If both C atoms of oxalic acid are regarded 
as quadrivalent the production of bivalent carbon 
makes this decomposition an irreversible inner-molect- 
lar redox reaction. 

The reaction, as given by the equation, can be 


(Continued on page 307) 
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A Syllabus for Secondary-School Chemistry 


ELBERT C. WEAVER 
Phillips Academy, Andover, Massachusetts 


y= Hannibal was besieging Rome, the land on 
which the Carthaginian army was encamped was 
reported to have been bought and sold in Rome with 
complete indifference to the national peril. Something 
of the same spirit of confidence is reflected in the sylla- 
bus in chemistry presented to the Science Masters’ 
Association in’ England by its committee. Although 
one committee secretary was called to service with the 
RAF, the other members completed their assignment, 
and produced a syllabus in chemistry which empha- 
sizes thoroughness rather than haste in chemistry in- 
struction, and even suggests excursions into busy indus- 
trial and agricultural establishments by pupils. 

The syllabus is printed in the November, 1943, 
School Science Review, XXV, No. 95, on pp. 96- 
106. The committee of the association reported on the 
position of chemistry in the school certificate syllabus 
and made recommendations to modernize and improve 
the teaching of chemistry. The following material is 
abstracted from the report and syllabus. 

Experience shows that a minimum syllabus consist- 
ing of headings only, without suggestions for procedure 
or content, produces only an illusory freedom in instruc- 
tion, for the content of the course is then covered by 
examination questions. Of late, little coordinated ef- 
fort has been made to bring the teaching of chemistry 
into line with modern developments. The committee 
concluded that its function could be performed best 
by presenting a detailed syllabus of a new type. The 
principles of chemistry to be established are continually 
expounded as a framework for the course. Emphasis 
is placed on natural phenomena, local industries, and 
the chemical aspects of everyday life to support this 
structure of principles. For example, more emphasis 
should be placed on processes than on specific prepara- 
tions, thus enabling an examination candidate to answer 
questions in terms of familiar reactions rather than being 
required to stand or fall on the memory and recall of one 
isolated instance of a specific preparation. 

The aims of chemistry teaching are: (1) scientific 
method; (2) observational and experimental skill, with 
emphasis on quantitative laboratory experiments; (3) 
the fascination of the subject, including history of dis- 
coveries, the dynamic nature of research under way, 
and the ever-freshening viewpoint; (4) social useful- 
ness to well-being, health, and safety as contrasted with 
teaching to meet examinations only; (5) understand- 
ing, 7. @., “chemical common sense.”’ 


SUGGESTED SYLLABUS (ORDER OF TOPICS NOT 
ESSENTIAL) 


Preliminary work 
Further study 
A. Forms and chemical behavior of matter 


1. Elements 

2. Compounds 

3. Chemical reactions and their representation by 
equations 

4, Electrolytic phenomena 

5. Colloidal state and adsorption 


B. Natural materials as the starting point for the produc 
tion of acids, alkalis, and salts 
C. Nonmetals and their compounds 


Oxygen 

Hydrogen 

Water 

Nitrogen 

Ammonia 

Nitric acid 

Carbon and its compounds 
Sulfur and its compounds 
Chlorine and its compounds 
10. Iodine 

11. Phosphorus and its compounds 
12. Silica 


D. Metals and their compounds 


SOND ore oN 


1. Metals 

2. Properties and uses of metallic compounds and salts 

3. Methods of preparation of metals and metallic com- 
pounds 


E. Additional practical work 
III. The role of chemistry in industry and agriculture 


(Obviously this abstract of the syllabus is very much abbre- 
viated.) 


Discussion: The basis of the school certificate ex- 
amination in chemistry should be experimental work. 
Previous syllabuses have given a list of substances for 
study. This one indicates the lines of experimental 
study for the substances chosen. Colloidal chemistry 
is included for the first time. Oxidation-reduction is 
limited to: (1) oxygen and hydrogen addition or re- 
moval, (2) a change in valency in metals, (3) the libera- 
tion of iodine from acidified potassium iodide, and (4) 
the reduction of bromine water. Three ways of join- 
ing atoms are mentioned: in simple molecules, ionic 
combinations, and giant structures. Emphasis is 
placed on the fact that pupils should perform experi- 
ments themselves both in the lecture room and in the 
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laboratory as an important part of their training. dioxide, hydrogen sulfide, and carbon monoxide iff sap 
Many fewer metallic salts are studied. Specific men- omitted except in incidental relation to other substances a 10 
tion of ozone, hydrogen peroxide, nitric oxide, nitrogen or processes. or le 
Ss 
tion 
e 

Hydrogen Peroxide ss 
ip 
CHARLES H. STONE a 
rest 
144 Wall Street, Orlando, Florida oxid 
This 
YDROGEN peroxide receives scant attention removed by filtration. The reaction, carried out in thef POW 
in the average preparatory-school text. A state- cold is represented by the familiar equation: 2. 
ment, without detail, of the method of preparation BaO. + H,SO, > BaSO, + HO: oe 
with an accompanying equation, and a short statement nn 
of the properties and uses of this important chemical The barium peroxide used in this process may beg Add 
sum up about what is generally offered. There are few Obtained from the ore witherite. This may be treated jM pota 
accompanying experiments in either the text or the in either of two ways: (a) The ore is treated with pear 
manual. nitric acid and the resulting nitrate heated to produce ff The 
Teachers should stress the differences in oxides, barium oxide, other products being led away for other chro 
Those in which two oxygens are joined to a metal of uses. The barium oxide is now dried and heated ina 3. 
valence four, but not to each other, are dioxides and chamber through which dry air free of carbon dioxide Jj anhy 
are not suited to the preparation of hydrogen peroxide. is passed at a dull red-heat of about 450°C. Under fi of a 
such conditions the oxide takes up additional oxygen J and 
Manganese dioxide is an example: Mn€ . There to form the peroxide; below this temperature the ji so t 
No action does not occur, above it the peroxide is decom- J drop 
are numerous oxides in this class. Another type of posed, so that the temperature must be carefully regu- J hydr 
oxide is found in those in which the two oxygens are lated. (6) The carbonate is heated with carbon tog zero. 
linked to a metal of valence two and to each other. produce the oxide. Then the process set forth above the 1 
BaO, is an example; it has the structural formula 1s followed. The latter method (4) is probably cheaper the | 
i than (a). with 

Pa Of late, other methods for producing hydrogen per- 

Bac i. It may be assumed, therefore, that those oxide than that of the reaction of the barium compound 
O with sulfuric acid have been perfected. These are 4. 
; : ; : PP ae based upon the preparation and use of persulfuric acid. pota 
oxides in which there is the mnkage, | are peroxides Any teacher may produce the potassium salt of this acid wate 
; ; O _ by passing a direct current though a U-tube contain of w: 
and are suitable for the production of hydrogen per- ing a strong solution of potassium hydrogen sulfate J solut 
oxide. _ This compound dissociates into K+ and HSO,~, the je test: 
Hydrogen peroxide was discovered by Thénard im latter combining around the anode to form H2520s; D. 
1818. He correctly called it ‘‘oxidized water.” Itisa by union with the base around the cathode, K2S,0s is 5 g. 
colorless liquid. Ordinary hydrogen peroxide such  fosmed. of co 
as is sold in drug and ten-cent stores is a 3 per cent With steam distillation of either the potassium] to ze 
10-volume solution which is unstable. Since it is af- salt or the acid itself, hydrogen. peroxide is formed. & the | 
aed “A ne se is sold chat ee : — We have by ec 
eat hastens its decomposition we are advised to kee ate, 
the bottles in a cool place. The natural slow pein ns + Se een exces 
position of the substance is delayed by the addition of a or we have pero: 
negative catalyst such as acetanilide. But even with K2S.0; + 2H,O > 2KHSO, + H.0; may 
this the action is not completely arrested, for partially : : since 
used bottles’ of the peroxide, if left for a long time, , — persulfate is used as the parent sulfate iti 
finally lose their additional oxygen and only water 1 Some Cases. : effer 
remains. Until recently the aa uaes solution readily A recent monograph by J. S. Reichert of the Diff y 


obtainable on the open market was a 30 per cent 100- 
volume solution called perhydrol. 

For a long time the chief method for the production 
of hydrogen peroxide was based on the reaction be- 
tween.a mineral acid and barium peroxide; since barium 
sulfate is insoluble, the secondary product could be 













Pont Company! states that hydrogen peroxide of 4 
high degree of purity and consequent high stability i 
being produced by electrolytic processes in 100-volume, 
or even 130-volume, concentrations. It is obvious 
that the purity of these concentrations accounts for the 


1 Chem. Eng. News, 21, 480 (April 10, 1943). 
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stability they display, for the presence of even small 
amounts of some catalytic substance will cause more 
or less decomposition. 

Some experiments with the usual 3 per cent solu- 
tion of hydrogen peroxide, which is the kind in general 
use among teachers of secondary-school chemistry, 
may be of interest. 

1. Pour 10 cc. of fresh hydrogen peroxide into a 
clean test tube and test for oxygen by spark test; no 
result. Add a little finely powdered manganese di- 
oxide, count ten, and test for oxygen; good result. 
This is apparently a surface contact case, for other fine 
powders can produce similar results. 

2. Test for hydrogen peroxide. Fill two 100-cc. 
graduates to the mark with water; to one stir in 10 cc. 
of fresh hydrogen peroxide. Adjust to equal levels. 
Add to each graduate a little dilute HCl and then some 
potassium dichromate solution. A blue color ap- 
pears in the graduate which contains the peroxide. 


|The blue is perhaps due to the formation of a per- 


chromate, KCrOg. 

3. Red perchromate. Add 12.5 g. chromic acid 
anhydride to 25 cc. of water; stir and add to 200 cc. 
of a 12.5 per cent KOH solution, adding drop by drop 
and keeping the liquid down to a very low temperature 
so that crystals of ice will form. Now add drop by 
drop with constant stirring 25 cc. of 30.per cent per- 
hydrol, not permitting the temperature to rise above 
zero. Let stand two hours. Collect the crystals at 
the filter pump and wash with 95 per cent alcohol until 
the washings are no longer yellow. Dry by washing 
with ether and seal in a glass tube. 


6KOH + 2CrO; + 70 —'2K;CrOs + 3H2O0 


4. Another test. Fuse some titanium dioxide with 
potassium hydrogen sulfate and dissolve the melt in 
water. Add a few cc. of hydrogen peroxide to 500 cc. 
of water and stir. Now add a few drops of the titanium 
solution; a brownish to yellowish color appears. This 
test is very sensitive. 

5. Preparation of hydrogen peroxide. Stir slowly 
5 g. powdered barium peroxide into a solution of 3 g. 
of concentrated sulfuric acid in 100 cc. of water and cool 
to zero by packing the beaker or flask in ice. When all 
the peroxide has been added neutralize any excess acid 
by cautious addition of finely powdered barium carbon- 
ate. Filter off the precipitated barium sulfate and any 
excess of the carbonate. Test the filtrate for hydrogen 
peroxide by above tests. Evaporation of the filtrate 
may follow, a smooth-lined porcelain dish being used, 
since rough surfaces tend to promote decomposition. 
Use a water bath and continue at 70° to 80° C. until 
effervescence just begins. Cool quickly. The liquid 
should now contain 30 to 40 per cent H2Ox. 

6. Another method. Cool 20 cc. of dilute HCl in a 
beaker. Stir in powdered barium peroxide until the 
last portion does not dissolve completely. Since the 
barium chloride formed would give a yellow insoluble 
product when the potassium dichromate is added, pre- 
Cipitate the barium by cautious adding of a solution of 
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sodium carbonate or sulfate. Filter. Test for HO. 
by the dichromate test. 

7. Use of sodium peroxide. 
sodium peroxide powder to very cold water. 
hydrogen peroxide. 

8. Let a very small hydrogen flame impinge upon a 
small block of ice until the ice has melted. Test the 
resulting liquid for H2O.. 

9. Formation of lead dioxide. To 400 cc. of water 
add 50 cc. of 3 per cent H2O, and then 25 cc. of 1 M 
lead nitrate solution. Stir. Now add 25 cc. of con- 
centrated ammonium hydroxide and stir. Brown lead 


dioxide forms. 
Pb(NO3)2 + 2NH,OH + O — PbO, + 2NH,NO; + HO 


Add small amounts of 
Test for 


10. Oxidizing action. Make a dilute solution of 
ferrous sulfate and divide into two equal portions. 
To one add ammonium hydroxide; a greenish pre- 
cipitate shows ferrous iron. Treat the other portion 
with a few drops of sulfuric acid and then add some 
hydrogen peroxide and warm. There is a yellowish 
color change. Test with ammonium hydroxide; a 
reddish precipitate indicates ferric iron. 


2FeSO, + H2SO, + O — Fe2(SO,)3 + H20 


Similar oxidations may take place with stannous 
chloride and other compounds where valence change 
may be indicated. 

11. Amalgamate a bit of mossy zinc by immersing 
it for a few minutes in a solution of mercuric chloride. 
Drop the zinc into a test tube containing dilute sulfuric 
acid. When hydrogen is freely evolved add a little 
fresh hydrogen peroxide. Why does the evolution of 
gas stop? Presently it begins again; why? Continue 
by addition of another portion of H2Oz. 

12. Dip a match stick or a wooden toothpick in a 
solution of lead acetate or nitrate and write on white 
paper. Expose the writing to the fumes of hydrogen 
sulfide. Black lead sulfide forms. Wipe over the 
black writing with a rag or sponge dipped in fresh 
hydrogen peroxide. The black writing disappears. 
Black lead sulfide is changed to white lead sulfate. 

13. Treat a very dilute solution of potassium iodide 
containing starch paste with fresh hydrogen peroxide. 
Explain the blue color. 

14. Drop a small bit of yellow phosphorus into some 
hydrogen peroxide in a test tube. Warm the liquid. 
Will the phosphorus burn under the liquid? 

15. Treat a solution of potassium permanganate 
with a few drops of sulfuric acid and then add hydrogen 
peroxide. The equation 
2KMnQ, + 4H:SO, + 5H20.—> 

2KHSO,+2MnSO, + 8H:20 + 50, 
represents the action. 

16. Treat 50 cc. of saturated barium hydroxide 
solution with 50 cc. of 3 per cent hydrogen peroxide. 
Scratch inside of container with stirrer. Barium per- 
oxide is precipitated. 


Ba(OH). + H,0, > BaO, oF 2H.0 
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17. Sodium perborate. Prepare a saturated solu- 
tion of 10 g. of borax powder in water containing 2 g. 
of sodium hydroxide. Add gradually 60 cc. of 10- 
volume (3 per cent) hydrogen peroxide. Let stand 
some time, placing the beaker in ice water. Large 
transparent crystals of the perborate form. 


Na2B,O; + 2NaOH + 40 — 4NaBO; + H:0 


Iodic acid. Put into a flask 1 g. of powdered 
iodine. Add 1 cc. of concentrated nitric acid and 5 cc. 
of 3 per cent hydrogen peroxide. Suspend a clean 
porcelain pestle in the neck of the flask to act as a 
condenser of iodine vapors. Heat on a water bath to 
about 70° C., shaking the flask occasionally when the 
liquid fails to show the deep color of dissolved iodine. 
Whenever the color disappears add more peroxide until 
the iodine is all oxidized. Evaporate all to dryness 
in a small porcelain dish. Heat the residue in an oven 
at 140° C. for two hours. Extract the iodic acid with 
boiling water and filter. Reject any dark-colored 
residue. Evaporate the filtrate on a steam or water 
bath. 


18. 


4I + 2H:0 + 50; — 4HIO; 


19. Pass sulfur dioxide gas into hydrogen peroxide 
in a test tube until it smells strongly of the gas. Heat 
until excess SO, is expelled. Test the remaining liquid 
for SO,7~ ion. 

H20, + SO, = H2SO, 


20. Treat a solution of sodium hydrogen sulfite with 
hydrogen peroxide. What should happen? 

21. Make a solution of aniline red and divide it into 
two equal parts. Add dilute HCl to one and dilute 
NaOH to the other. Add hydrogen peroxide to both. 
In which case is the color discharged? 

22. Apply hydrogen peroxide to fresh blood stains 


on cotton cloth. 
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23. Bubble hydrogen sulfide gas into H:O2. Sulfur 
separates. 

24. Around one end of a stiff iron wire tie a small 
bundle of cotton dyed with aniline red. Around the 
other end of the wire tie a band of cotton cloth dyed 
with Congo red made blue with a little acid and cut 
into strips to represent the leaves of a “‘plant.’’ Set the 
whole in sand in a small dish. Spray the whole with an 
alkaline solution of hydrogen peroxide. The ‘‘flower” 
turns white and the “‘leaves’’ turn red. 

25. Hydrogen peroxide seems to possess a sort of 
Dr. Jekyll and Mr. Hyde character, as the following 
will show: 

First demonstrate that solutions of potassium ferro- 
cyanide and potassium ferricyanide react differently 
when treated with ferric chloride solution. 

(a) Treat a solution of potassium ferrocyanide with 
hydrochloric acid and then with hydrogen peroxide; 
red prussiate of potash is formed. 


2K4Fe(CN). + 2HCI + H2O2 — 2K3Fe(CN). + 2KCl + 2H,0 


(o) Treat a solution of potassium ferricyanide with 
KOH solution and then with hydrogen peroxide; the 
ferrocyanide is formed. 


2K;Fe(CN). + 2KOH + H202 — 2K,Fe(CN). + 2H:20 + 0; 


Tests with ferric chloride solution in each case will 
show when the change from one to the other is com- 
plete. 

The conversion from the ferro- to the ferricyanide 
can also be accomplished by passing chlorine gas into 
the warm solution. 

26. Amalgamate some mossy zinc with mercury and 
add it to 20 cc. of water in a flask into which oxygen 
gas is bubbling. Shake well and for some time. Test 
the liquid for hydrogen peroxide. 


Zn + 2H:0 + O2 — Zn(OH): + H20; 


RECENT CHEMICAL PATENTS (Continued from page 290) 


mand for 2,3-butylene glycol. Formerly, this glycol 
was produced commercially by 4 method in which 2 
to 4 per cent sugar solutions were fermented in the 
presence of certain bacteria, species of the genus 
Aerobacter. In this process almost equal quantities 
of lactic acid and glycol were produced, the former 
product interfering with recovery of the glycol. The 
method took from 10 to 20 days and resulted in not 
more than 80 per cent conversion of the sugar. 

The present process is alleged to be a distinct im- 
provement over the old fermentation process. AI- 
though other spécies of bacteria may be used, it is pre- 


ferred to utilize Aerobacter aerogenes. A suitable cul- 
ture is isolated from the soil and cultivated in liquid 
media. This culture is used to inoculate a 20 per cent 
solution of beet molasses to which a growth stimulant 
such as mold bran has been added. The pH is kept 
between 5.5 and 6.0. If the pH falls below 5.0 the 
bacteria are killed. If it exceeds 7.0 the proportion of 
lactic acid increases greatly. Calcium carbonate 
may be used as the neutralizing agent. 

The fermentation may be completed in about 4 days 
and conversions of about 90 per cent of the sugar aré 
obtained. 
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Nomenclature of Organosilicon Compounds 


ROBERT O. SAUER 


General Electric Company, Schenectady, New York 


N ORGANOSILICON compound is a compound 
containing at least one carbon-silicon bond. 
The first molecule of this type (except, of course, 
silicon carbide) was reported in 1863 (1) and the num- 
ber of organosilicon compounds of known structure has 
increased steadily, particularly since about 1900. 
More recently this class of substances has begun to as- 
sume industrial importance. In view of (a) the present 
greatly increased interest in this field, (b) the possibility 
of existence of numerous and complex organosilicon 
molecules, and (c) the indefinite state of their nomen- 
clature at the present time, it seems appropriate to 
discuss the development of the several schemes of 
nomenclature now in use and to recommend some uni- 
fying generalizations. These recommendations are 
the result of several years’ actual contact with the 
problem of organosilicon nomenclature and represent, 
it is believed, a considerable improvement in precision 
and euphony over existing terminology. 

Kipping was the first to feel the necessity for a scheme 
of nomenclature which could be rationally expanded to 
name compounds as yet unknown to him. He chose 
the root silicane for the simplest silicon hydride, SiHy, 
and its derivatives (2). From this root the following 
compounds and group were named: H;SiOH, sili- 
canol; H2Si(OH)s, silicanediol; H;Si-, silicyl. For the 
higher silicon hydrides, é. g., SisHs, SisHs, etc., Kipping 
appears by his usage to prefer the names: silicoethane, 
silicopropane, etc., although he makes no definite 
statement on the subject. In spite of the fact that he 
proposed the name silicanol for the compound H;SiOH 
and its derivatives, he consistently used the term silicol, 
which term appears to have originated with Ladenburg 
(3). 

The intermolecular dehydration product of a silicol 
(silicanol) was termed by Kipping a silicyl oxide, e. g., 
(CsHs)sSiOSi(CsHs)s, triphenylsilicyl oxide. The hypo- 
thetical monomers derived by intramolecular dehydra- 
tion of the silicanediols were termed silicones;! thus, 
(C:Hs)2SiO was diethylsilicone. The products formed 
by intermolecular dehydration of a silicanediol were 
named as derivatives of the parent diol by indicating 
in the name the number of molecules of water removed 
and the number of silicanediol molecules condensing 
to form the new compound. Thus, [(CsHs)2SiO]s, 
a polysilicone, was referred to as trianhydrotrisdi- 
phenylsilicanediol and HOSi(CsHs)2OSi(CsHs)20H as 
anhydrobisdiphenylsilicanediol. 

.! According to Mellor (4), ‘‘F. Wéhler designated by the term 
silicone, a product which he obtained by the action of concen- 


trated hydrochloric acid upon calcium silicide.” This product 
(5) was an oxyhydride of silicon, corresponding approximately 


to the empirical formula SisH;Os. 


In the preceding paragraph we have noted that_Kip- 
ping referred to compounds of the empirical formula 
RSiO (R = an organic radical or hydrogen) as sili- 
cones or polysilicones. This usage seems to have been 
based on a formal analogy with ketones in carbon chem- 
istry; however, the analogy is an unfortunate one be- 
cause compounds of the formula R2SiO have been iso- 
lated in only polymeric forms. Wohler! appears to use 
the term silicone to designate a compound of hydrogen, 
silicon, and oxygen (of unknown structure, but presum- 
ably containing silicon-silicon, silicon-oxygen and silicon- 
hydrogen bonds). In this laboratory the term poly- 
silicone or, simply, silicone is used to designate high 
molecular weight products of the empirical formula 
RySiO@-n)/2 where N, the R/Si ratio, is less than three. 
In general, the exact structure of these polymers is un- 
known. It is emphasized that this usage—which con- 
flicts with both the Kipping definition and Wohler’s 
usage (and these conflict with each other)—is really an 
expedient extension of the Kipping terminology in order 
to classify a wide variety of organosilicon polymers and 
is not applicable to compounds of precisely known struc- 
ture. 

Shortly after Kipping’s proposal, Martin (6) sug- 
gested the root names: ‘“‘silicose’”’ for compounds con- 
taining silicon-silicon bonds, and “‘silicate’’ for com- 
pounds containing the silicon-oxygen-silicon linkage. 
These names were intended for organic as well as for 
inorganic compounds of silicon, but the proposal failed 
to become popular. 

Stock, who was active in the field of silicon hydrides, 
proposed (7) the somewhat shorter root of silane (pro- 
nounced si’-lane) for these compounds, prefixing this 
root in order to designate the number of silicon atoms 
in the chain. Thus, SiH, was monosilane, H;Si— 
SiH; was disilane, and H;Si—SiH.—SiH; was trisilane. 
However, Stock did not rule out entirely the older 
scheme by which alkyl silicon hydrides were named as 
silicohydrocarbons, apparently believing that it was 
sometimes of value to preserve the analogy with 
familiar hydrocarbons. If all the carbon atoms of a 
hydrocarbon structure were replaced by silicon, this 
compound might then be designated according to 
Stock as a ‘“‘persilico” hydrocarbon. For example, 
CH,SiH; could be named silicoethane as well as methyl- 
silane, and SisHs could be persilicopropane as well as 
trisilane. 

Stock was also interested in the oxygenated deriva- 
tives of the silanes. The unstable monosilanol, 
H,SiOH, dehydrated yielding HsSiOSiH;, which Stock 
termed (8, 9) disiloxane, that is to say, two silicon 
atoms joined by one oxygen. Other compounds of 
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this class which Steck named are: (H2SiO)s, disildi- 
oxane (two silicon and two oxygen atoms); and 
[(CeHs)2SiO],, octaphenyltetrasiltetraoxane. The 
monomeric R2SiO from which these latter two may be 
considered to have been derived were designated as 
oxo-monosilanes, the parent compound H,SiO, how- 
ever, being termed “‘prosiloxane”’ (9,10). At this time, 
Stock sought to discourage naming silicon compounds 
according to the carbon analogs and to replace mono- 
silanol with oxy-monosilane, monosilanediol with 
dioxy-monosilane and monosilanone with oxo-mono- 
silane. 

In choosing a system of nomenclature or in devising 
a new one, especial emphasis should be placed on 
clarity, brevity, uniformity, and euphony if the system 
is to attain general acceptance. Our first decision con- 
cerns the selection of the nomenclature root for the 
organosilicon compounds, this involving a choice be- 
tween the terms silicane and silane. The latter is a 
shorter term and more adaptable to euphonious deriva- 
tions than silicane although Kipping’s root may per- 
haps enable more rapid recognition of the relation to 
the element silicon. As used by Kipping, silicane was 
not applied to compounds having silicon-silicon bonds, 
although this does not preclude our using the term di- 
silicane for derivatives of SisHg. 

The principal difficulty with the silicane root for 
everyday use is the length (an extra syllable) and conse- 
quent lack of euphony in the names of the derivatives. 
Kipping must have realized this, for although his pro- 
posed name for compounds of the type R;sSiOH (R = 
an organic radical or hydrogen) was silicanol he used 
the term silicol in his publications. The more pleasing 
character of the silane root is easily demonstrated by 
repeating aloud the names of a few derivatives using 
both systems, e. g., diphenylsilanediol, diphenylsilicane- 
diol; silyl, silicyl; silanol, silicanol (or silicol). 

Another distinctive advantage to the scheme based on 
the silane root is its ready extension to compounds con- 
taining numerous silicon-oxygen-silicon, (siloxane?) link- 
ages; this extension is overly clumsy using the silicane 
rcot. Allin all, it seems as though silane should be the 
more widely used of the two roots; this is the one we 
have chosen. It should prove advantageous to omit 
Stock’s prefix (mono) to this root for derivatives of 
SiHy. Thus, (C2H5)2SiCl becomes diethyldichloro- 
silane,? but (CH3)3Si—Si(CHs)3 is hexamethyldisilane. 

The decision concerning the root having been made, 
the hydroxy silicon compounds are best named as -ols 
according to the Kipping system. Thus, (C2.H;)3SiOH 
is triethylsilanol and (CsHs)2Si(OH)2 is diphenylsilane- 
diol.* 

The dehydration products of the silanols, variously 
referred to as siloxanes (pronounced si’-ldx-ane), silicyl 
oxides, or silyl ethers, are most advantageously named 

as siloxane derivatives. Since Stock assigned the 
* term disiloxane to H;SiOSiH;, we shall refer to 
(CsHs5)sSiOSi(C2Hs); as hexaethyldisiloxane. 


2 The recent paper of Hyde and DeLong (11) exemplifies the 
usage of this term. : 
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This terminology is readily extended to compounds 
containing several siloxane linkages. For example, 
in naming silicon oxychlorides of the formula 
ClsSi[OSiCl,],Cl (where n = 1, 2,3...) we shall desig- 
nate the number of silicon atoms in the siloxane chain, 
that is, m + 1, simply by the proper prefix to siloxane 
(omitting Stock’s prefix to the -oxane ending). Thus, 
the compound Cl;SiOSiCLOSiC1; is called octachloro- 
trisiloxane. If the substituents on such a polysiloxane 
are not all of the same kind their number and position 
may be indicated by numbering the atoms of the chain 
and by using these numbers in conjunction with the 
appropriate prefix and/or suffix to the polysiloxane root. 
For example, HOSi(CsHs)20Si(CsHs)2OH becomes tet- 
raphenyldisiloxane-1,3-diol. Cyclic conderisation prod- 
ucts of the silanediols can be satisfactorily described 
by merely prefixing cyclo to the same name one would 
assign if the molecule were linear. According to this 
system [(CsH;)2SiO];s—which Kipping called trianhy- 
drotrisdiphenylsilicanediol—becomes hexaphenylcyclo- 
trisiloxane. 

In naming compounds having branched siloxane 
chains, or siloxane rings with siloxane side chains, it 
should prove satisfactory to use the term siloxy- for 
the group R;SiO—. The radicals R;Si— and R;Si— 
SiR:— may be termed silyl and disilanyl, respectively. 
The name for the latter was suggested by Dr. Austin M. 
Patterson, to whom this paper went for review, in order 
to distinguish the latter radical from two R3Si—groups. 

By analogy with the siloxanes, compounds of the 
general formula R;Si (NR—SiR:2),R—where R has the 
same significance as before—are designated as silazines. 
Thus, according to this suggestion (C:Hs);Si—NH— 
Si(C2Hs)3 becomes hexaethyldisilazine, and CH;N= 
(SiHs)2 becomes 2-(or N-) methyldisilazine. It seems 
preferable to designate compounds of the _ type 
R;SiNR,’ as silylamines, e. g., H3SiNHCHs3, N-silylme- 
thylamine. 

At present, the nomenclature of the alkyl ethers (or 
esters) of the silanols, silanediols, and silanetriols ap- 
pears quite inconsistent within the group. Compounds 
of the general formulas RsSiOR’ and R2Si(OR’), have 
been referred to as trialkyl(or aryl)monosilanol alkyl 
ethers and dialkyl(or aryl) monosilanol dialkyl ethers, 
respectively. Compounds of the general formula 
RSi(OR’)3, however, have been termed trialkyl hydro- 
carbonorthosiliconates, e. g., triethyl methaneortho- 
siliconate for CH3Si(OC:Hs)3, or named as ortho esters 
of silico organic acids, e. g., ethyl orthosilicoacetate for 
CH;Si(OC2H;)3. One also sometimes sees a reference 
to esters of alkyl monosilane acids. 

The foregoing terms, though descriptive, are not self- 
consistent. They also appear somewhat artificial 
since the silanetriols (acids?) in the case of the last 
example are unknown (12). It would seem more ap- 
propriate to include compounds of the general type 
R,Si(OR’)s—», (where R and R’ are organic radicals 
and m may have the values 1, 2, or 3) in the generic term 
silane and avoid inconsistency by naming the com- 
pounds mono-, di-, or trialkoxy(or aryloxy)silanes. 
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In summary, the purpose of this paper has been to 
discuss briefly the present situation of nomenclature in 
the organosilicon field and to select a scheme deemed 
reasonably precise and internally consistent. This 
system has been based on the following five generaliza- 
tions. 

1. Organosilicon compounds of the general formula 
R[SiRe],5iR3 where R may be an organic radical, hydro- 
gen, halogen, an alkoxy or an aryloxy group and 
n= 0,1, 2,... are named as stlane derivatives. 

2. Organosilicon compounds containing Si—-O—Si 
linkages are named as siloxane derivatives. 

3. Organosilicon ring compounds of the general 
formula [R2SiO],, where R has the same significance 
asin 1 and” = 2, 3, 4,...are named as cyclosiloxanes. 

4. In organosilicon compounds containing one or 
more hydroxyl groups attached to silicon the name is 
formed by adding the suffixes -ol, -diol, -triol, etc. 
(corresponding to the number of hydroxyl groups per 
molecule) to the proper root name (see 1, 2, and 3). 

5. Organosilicon compounds of the type formula 
R[SiReNH],SiR; where R has the same significance 
asin J anda = 1, 2,3,...are named as silazine deriva- 
tives. 

Table 1 lists a few of the simple known compounds 
representative of the types under discussion. Names 
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have been assigned using the current systems of 
nomenclature, and these names are to be compared 
with those suggested in the last column. 
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TABLE 1 


COMPARISON OF THE SEVERAL NOMENCLATURE SYSTEMS 


Kipping’s System 
Trimethylethylsilicane 
Dimethyldichlorosilicane 
Hexamethylsilicoethane 
Triethylsilicanol 
Diphenylsilicanediol 
Triethylsilicyl oxide 

? 


Compound Formula 
(CHs3)3sSiC2Hs 
(CH3)2SiCle 
(CH3)sSi—Si(CHs)s 
(CoHs)sSiOH 
(CsHs)2Si(OH)2 
(CoHs)sSiOSi(CeHs)s 
ChSiOSiChOSiCI3 f 
HO(CeHs)2SiOSi(CsHs)2OH Monoanhydrobisdiphenylsilicanediol 
[(CsHs)2SiO }s Trianhydrotrisdiphenylsilicanediol 
(CoHs)sSiNHSi(C2Hs)s 
(CoHs)sSiOC2Hs 
(CsHs)2Si(OC2Hs)2 
CsHsSi(OC2Hs)s 


Triethylethoxysilicane (?) 
Diphenyldiethoxysilicane (?) 
> 


Stock’s System 
Trimethylethylmonosilane 
Dimethyldichloromonosilane Dimethyl silicon dichloride 
Hexamethyldisilane 
Triethylmonosilanol 
Diphenylmonosilanediol 
Hexaethyldisiloxane 
Octachlorotrisildioxane 

? 


Hexaphenyltrisiltrioxane 
Di(triethylmonosilyl)amine 
Triethylethoxymonosilane 
Diphenyldiethoxymonosilane Diphenylsilicol diethylether Diphenyldiethoxysilane 
Phenyltriethoxymonosilane 


Suggested Names 
Trimethylethylsilane 
Dimethyldichlorosilane 
Hexamethyldisilane 
Triethylsilanol 
Diphenylsilanediol 
Hexaethyldisiloxane 
Octachlorotrisiloxane 
Tetraphenyldisiloxane-1,3-diol 
Hexaphenylcyclotrisiloxane 
Hexaethyldisilazine 
Triethylethoxysilane 


Other Usage 
Trimethylethyl silicon 


Triethylsilicol 
Triethylsilyl ether 

Cyclic diphenyltrisiloxane 
Di(triethylsilicyl)amine 
Triethylsilicol ethyl ether 
Triethyl benzeneorthosili- Phenyltriethoxysilane 


conate; ethyl orthosilico- 
benzoate 


Whats Been Going On 


Vacant Electron Spaces in Atoms Make Metals 
Resistant to Rusting 


b Perego spaces in the atoms of nickel are responsible for 
its resistance to corrosion or “‘rusting,’’ according to Dr. 
Herbert H. Uhlig, Metallurgist of the General Electric Research 
Laboratory. 

In earlier researches, he found that the stainlessness of stain- 
less steel is not due primarily to the formation on the surface of a 


film of oxide, as formerly supposed. Instead it results from the 
electronic arrangement in the atoms of the alloy. Now he finds 
that the same thing is true for corrosion-resistant alloys such as 
that of copper and nickel (Monel). 

An atom may be thought of as a nucleus around which revolve, 
somewhat in the manner of planets around the sun, from 1 to 92 
electrons. These move in from one to seven different orbits or 
shells. Ordinarily one shell is filled with electrons before the 


next one begins, though in the case of certain ‘‘transition’’ ele- 
ments there are vacancies in the shell next to the outer one. In 
nickel, for example, there are only 8 electrons in the third shell, 
instead of the 10 it could hold, despite the fact that there are 
two electrons in the fourth and outermost shell. With inner 
shells completely filled, a metal is more subject to corrosion. 

Because of the vacancies nickel is very resistant to corrosion, 
but it is too expensive for many applications, and so it is alloyed 
with copper which is lower in cost. The atom of copper has one 
more electron than that of nickel. In the alloy these extra 
electrons go to fill the vacancies in the nickel atom. However, 
as long as any vacancies remain in the nickel the alloy still resists 
corrosion as well as pure nickel. 

Finally, when the proportion of 60 per cent copper and 40 per 
cent nickel is reached all the nickel vacancies have been filled. 
Further increasing the proportion of copper makes the alloy less 
resistant until pure copper is reached, which corrodes much more 
than pure nickel. 





Here and There in the Trade Literature 


HYSICAL methods for chemical analysis are be- 

coming increasingly important. The use of ‘The 
electromagnetic spectrum as an analytical tool’’ is ex- 
plained in the Interchemical Review, vol. 3, no. 1 (Inter- 
chemical Corporation, 432 West 45th St., New York 
City). This is an excellent discussion of the use of 
visible, ultraviolet, and infrared spectrographs, optical 
and electron microscopes, spectrophotometers, and 
electron and x-ray diffraction apparatus. 


Some time ago we called attention to some excellent 
photomicrographs of normal and pathologic tissues, 
in The Merck Report (Merck & Company, Inc., Rahway, 
New Jersey). Another collection of these, just as 
excellent, is found in the April, 1944, issue of the same 
periodical. 


‘The story of synthetic rubber” has been told many 
times lately, but here it is again in the March, 1944, 
Shell News (Shell Oil Company, Inc., 50 West 50th 
St., New York City). The same issue contains a short 
account of “Lubricating oils.” 


Dehydrated food production is playing a large part in 
our war economy and will doubtless be a recognized 
and established process in normal times. The spring 
issue, 1944, of The Glass Lining (Pfaudler Company, 
Rochester, New York) tells how one large producer is 
developing this technique. 


It seems a long jump from chemistry to men’s hats! 
In its general, continued discussion of the relation of 
petroleum to civilization Esso Ozlways for March, 
1944 (Room 1561, 26 Broadway, New York City), 
not only gives an illustrated summary of styles through- 
out the world but also suggests how chemistry plays a 
part in the making of hats. 

The following reference to Avogadro and his work 


is also taken from the same periodical: 


Seated in the middle of his study room at an elaborately 
carved desk, Amadeo Avogadro, young law student at Turin 
University, finished reading a thick law book and snapped it 
shut. Law was all very well, he thought, but it was too in- 
definite; there were too many exceptions to every rule. Now 
take science. Ah, there was something precise, exact, he mused. 
There was an explanation for everything. This interest in 
science in 1801 was to make Avogadro one of the world’s leading 
physicists. 

Leaning back in his chair, he found his thoughts wandering 
back to the problem that had been bothering him lately. With 
no formal education in science, he had recently been reading 
physics and chemistry books avidly, especially those dealing 
with gases. He had even tried several experiments to test some 
theories. These had been unsatisfactory, but he had a definite 
feeling of respect for Boyle, who had shown that the volume of a 
gas varies inversely with its pressure, and for Charles, who had 
stated that the volume of a gas is directly proportional to its tem- 
perature. But why? And what further conclusion could he 
draw from these facts? There was something that he could 
almost grasp but somehow it eluded him. 

It was over 10 years later, in 1811, that Avogadro found the 


answer to his problem. Meanwhile he had given up his law 
career and a government position to devote himself to science 
In spite of being self-taught, he had secured a position at Turin 
University and in 1809, at the age of 33, became professor of 
physics at the ‘‘“Gymnasium”’ at Vercelli. It was here that he 
published his essay in which he stated the hypothesis that has 
since become known as Avogadro’s Law. 

Using as his starting point the theories that had been promul- 
gated by Boyle and Charles, and also the atomic theory which 
John Dalton had advanced only a few years before, Avogadro 
advanced the theory that under the same pressure and at the 
same temperature, equal volumes of all gases contain the same 
number of molecules. 

The practical importance of the law is mainly that it permits 
chemists to determine the molecular weights of gases easily 

Explosive rivets for airplane construction, and the 
eradication of poison ivy, are two subjects of real 
chemical interest which appear in the April-May, 
1944, number of the Du Pont Magazine (E. I. du Pont 
de Nemours and Company, Wilmington, Delaware) 
The extraordinary precision with which modern ex- 
plosives can be controlled is shown by the fact that the 
expansion produced by the charge in explosive rivets 
may be held within limits of 0.020 of an inch. 


The Pioneer (Niagara Alkali Company, 60 East 
42nd St., New York City) contains a large number of 
interesting small items drawn from a wide chemical 
field. Among others noted in the March, 1944, num- 
ber were two which we thought might be interesting 
to pass on to our readers. The first is that soap has 
been found indispensable in the making of shell and 
cartridge cases. The cases are sprayed or dipped in 
soap solution and the thin soap layer resulting lubricates 
them as they pass through the die in the drawing opera- 
tion. 

The second item advises the substitution of a 5 per 
cent solution of ammonium chloride for the conventional 
sodium bicarbonate, for caustic soda burns. It is 
claimed that if the area is drenched or irrigated within 
40 seconds the burn symptoms can be prevented. 
But if delayed the treatment should be continued for 
10 or 15 minutes, followed by normal saline or plain 
water for an hour. This is said to lessen greatly the 
severity of burning. 


What's New (published by Abbott Laboratories, 
North Chicago, Illinois) is mostly devoted to the 
biological and pharmaceutical field. As an item of 
general interest, however, the March, 1944, number 
contains an on-the-spot, beginning-to-end pictorial 
record of the battle for Sicily, consisting of drawings 
and colored pictures of the amphibious invasion, made 
by an official navy combat artist. We have not seen 
anything better along this line in any of the magazines 
which have come to our attention. 


The attention given elsewhere in this issue to the 


part of the chemist in the advertising field is well 
exemplified in the first article in the March-April, 
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1944, number of Shell Progress (Shell Oil Company, 
Inc., 50 West 50th St., New York City). This is an 
inside story of a chemical advertising campaign. 
Elsewhere in the same number is an excellent descriptive 
article on developments in the field of electronics. 


| The Bakelite Review for April, 1944 (Bakelite Cor- 
poration, 30 East 42nd St., New York City), contains 
a short biographical sketch of the late Leo Hendrik 
Baekeland, one of the prominent figures in recent 


; American chemistry. An interesting application of 


plastics—in the portable x-rays, a new military 
“weapon”—is also described. It is clearly brought 
out why different types of plastic materials must be 
used in the construction of different parts of such an 


apparatus. 


An unusual publication which comes to us is the 
Ciba Review (published in Switzerland by the Society 
of Chemical Industry in Basle, represented by Ciba 
Company, 627 Greenwich St., New York City). 
Number 47 of this review contains several historical 
accounts under the general heading, “‘Cloth merchants 
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of the Renaissance as patrons of art.” Early chemical 
history figures incidentally in these accounts. 


“Unusual foods during war’’ is the title of a short 
article in the Nutritional Observatory, vol. 5, no. 1 
(H. J. Heinz Company, Pittsburgh 12, Pennsylvania). 
Some applications of electronics in the food industry 
are also described. 


One of the most beautifully printed and illustrated 
trade periodicals we have yet seen is the first number 
of the National Fireworks Review (National Fireworks, 
Inc., West Hanover, Massachusetts). While every 
article will be of interest to the chemist, we should 
mention especially ‘‘Cultural relationships of ex- 
plosives,” by Tenney L. Davis, one of our own As- 
sociate Editors. The efficiency of explosives, the 
manufacture of magnesium powder, and an account of 
early incendiaries, are the subjects of other articles 
worth mentioning. Full-page illustrations of the 
military use of explosives contribute to making the 
publication an attractive permanent addition to one’s 
library. 


SPOT REACTION EXPERIMENTS (Continued from page 298) 


easily demonstrated. Palladium chloride provides a 
sensitive test for carbon monoxide: 


CO + PdCl, + H,O — CO, + 2HCI + Pd 


Procedure: Several small crystals of oxalic acid and 
10 drops of concentrated sulfuric acid are carefully 
heated in a microcrucible. A microburner is used. 
As soon as the liquid begins to boil, a piece of PdCl:- 
paper is held over the crucible. (The paper is pre- 
pared by moistening it with 1 per cent palladous 
chloride solution.) A black spot of metallic palladium 
appears. 


OTHER REDOX REACTIONS 


The foregoing examples of iso-molecular and inner- 
molecular redox reactions can be supplemented by the 
following thermal decompositions, which also can be 
regarded as redox reactions: 

2AgCN — 2Ag + (CN)s 
Hg(CN): > Hg + (CN): 
Pb(CN): > Pb + 2C + Ny 


As,Os > As,0; a O» 
4AsH; —> As, + 6H 
K2PtCls > 2KCl + 2Cl. + Pt 
3(NH,)2PtCle > 2N2. + 2NH; + 18HCl + 3Pt 
3(NH4)2SO, << Ne + 4NH; + 6H,O0 Sa 3S0O, 
The thermal decomposition of ferric sulfide, 
Fe.S; ~ 2FeS + S 
can also be included in this category in view of the 
valence changes of the Fe and S atoms. On the other 
hand, the thermal decomposition of pyrite and mar- 
casite, 
FeS: > FeS + S$ 


is not a redox reaction. It is merely the liberation of 
sulfur from a polysulfide and hence involves no valence 
change. 

Certain photochemical decompositions (photolyses) 
can be viewed as inner-molecular redox reactions. A 
separate paper in this series will be devoted to photo- 
chemical experiments. Pertinent instances will be 
included. 


Eight hundred and ten pounds of crude or synthetic rubber are used to make a 
medium tank, and 105 pounds in the manufacture of a fighter plane, the War Depart- 


ment reports. 





NEW ENGLAND ASSOCIATION 
of CHEMISTRY TEACHERS 


Chemistry in Textiles 


HAROLD B. STURTEVANT 


Albi Chemical Corporation, New York City 


OST of my work since leaving this school in 1915 

has been in connection with the finishing of cotton 
piece goods, and my remarks will be confined chiefly 
to this branch of the textile industry. At that time 
finishing was a more or less standard procedure which 
could be found in any textbook on the subject. Since 
then, there has been a gradual change because of a num- 
ber of developments: the increase in the number and 
kinds of organic coloring matters for dyeing and print- 
ing, the introduction of rayon, acetates, aralac, and 
mixtures of these fibers, and the introduction of special 
finishes. The whole trend of the finishing industry 
today, in fact, is toward the so-called permanent 
finishes, so that anyone buying a piece of cloth or a 
completed garment will have the same fabric after it 
has been cleansed or laundered as when purchased. 
The customer today will not tolerate loss of 20 to 25 
per cent of the fabric as starch or fillers of various types 
during the cleansing operation. The customer will 
not tolerate the calico prints of yesterday which would 
run, bleed, crock, fade, and disappear. The indan- 
threne and other vat colors used for both dyeing and 
printing at present are fast to light, fast to crocking, 
and fast to washing, so that the prohlem has been 
solved satisfactorily. 

The first of the so-called permanent finishes was that 
known as the permanent organdy finish. This was a 
development of the Swiss chemist, Haberlein, and was 
patented for use in the U.S. The process consisted of 
treating cotton fabrics in solutions of sulfuric acid or 
mixed acids for a definite time and at a definite tempera- 
ture. When the cellulose of the fabric became partly 
gelatinized the process was stopped by diluting the acid 
below the gelatinizing strength. It was. found that 
constant control of three things was very important, 
namely, acid concentration, temperature, and time. 
Different fabrics and fabric constructions required a 
slightly different time or acid strength to get a desired 
result. A difference of about 6° Baumé meant either 
no reaction on the cellulose at all or, at the other ex- 
treme, the complete distintegration of the cotton. 


1 Abstract of an address presented at the 225th meeting of the 
N.E.A.C.T. on February 12, 1944, at the New Bedford Textile 
School, New Bedford, Massachusetts. 


If people believed all the advertisements they read 
today, no one would think of buying a man’s shirt un- 
less the fabric was trade-marked ‘‘Sanforized.’’ The 
“Sanforized”’ process is not a chemical process so much 
as it is a matter of the mechanical handling of the fabric 
in its final processing. It is really a controlled shrink- 
age process carefully supervised and checked to guaran- 
tee that the fabric will not shrink more than 1 per cent 
either in the warp or the filling after it has been made 
up into a garment. Different fabrics and the different 
processes a fabric goes through before reaching the 
final finishing operation require a different set of con- 
trols on the sanforizing range. The final finish con- 
sists of cutting out pieces of the fabric, marking exact 
measurements on the cloth both crosswise and length- 
wise, washing in a standard washing machine, drying, 
and measuring. 

The Toodall, Broadhurst, and Lee process (known 
popularly as the crease-proof or anti-crease finish) is 
familiar to most people through some garment or fabric 
they have purchased. This finish is a urea-formalde- 
hyde resin. The fabric is saturated with urea in con- 
junction with a catalyst, a plasticizer, and formaldehyde. 
The fabric is dried, or more accurately, the resin is cured 
by heating the combined chemicals on the cloth at 
temperatures high enough and for a time long enough 
to complete the chemical reaction between the urea and 
formaldehyde. This is followed by a series of neutral- 
izing and washing operations to complete the process. 
Many improvements have been made in this process 
since the original patents were granted and the result 
is a fairly easily controlled process which is being 
applied to a large number of fabrics, e. g., noncrush 
velvets, spun rayon dress goods, and summer sport 
wear of either spun rayon or filament rayon. 

The introduction of this resin finish on textiles has 
opened up a new field of development which is still 
being carried on although held up somewhat at present 
because of the shortage of chemicals. Numerous pat- 
ents have been issued on resin coatings for fabrics. 
One of these, which may be classified as a nonshrink 
finish, specifies the application of a weak urea-formal- 
dehyde resin to a fabric. This will not give it antt- 
crease properties, but will set the elasticity of the fabric 
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enough so that it will hold its size. It may be thought 
of as a chemical process to compete with the sanforizing 
process already mentioned. As a matter of fact, it is 
used principally on spun rayon material which has the 
fault of being finished at a width of 36” (for example) 
but changing to 35” in some places and 37” in others 
soon after. In my opinion the best spun rayon fab- 
rics are those finished with a combination of the anti- 
crease and the sanforize finish. 

It is to be noted that the urea-formaldehyde finish 
is produced by the formation of the resin on and in 
the fabric. Other types of resins and resin-like sub- 
stances have been applied to the fabric in the form of 
water-dispersed emulsions, water in oil or reversed 
emulsions, and in solutions, without getting the de- 
sired result. The urea-formaldehyde anti-crease finish 
is formed in the fibers whereas the others are resin 
coatings. The most promising of these other types at 
present are the vinyl, the acrylate, and the ethyl cellu- 
lose types. The increased use of resins still remains one 
of the most promising and fertile fields for the research 
and textile chemists. 

During the first World War shelter tent duck was 
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is dyed with sulfur colors or a mineral khaki. The sulfur 
made  °0!0rS are not fast to chlorine and would not stand up 
ferent e Uder the intense sunlight of the tropics. These colors 
1g the also were easily detectable in aerial photographs, so 
f con. |e Changes were necessary. Vat dyes are used principally 
wees at present and the fabric is fireproofed, mildewproofed, 
pa and waterproofed. Much of the duck is finished with 
aa “Hooper's Solution.” This is a petroleum-solvent solu- 
betas tion containing chlorinated rubbber and chlorinated 
; hydrocarbons to produce the waterproofing, antimony 
nown @ 224 boron compounds for the flameproofing, copper 
sh) js _ U4phthenate for the mildewproofing, mineral pigments 
fabric for the O.D. 7 shade, and a resin which acts as a binder. 
talde. @ Peutachlorophenol was first used for the mildewproof- 
spi, ing. The desized duck in the gray state is completely 
hvde. B turated with Hooper's solution, squeezed through a 
ieealld heavy roll padder, and then placed on ordinary drying 
i as cans. In one operation a continuous range produces 
ough 35 to 45 yards per minute of the completed duck. 
+ aa The problem of finding a mildewproofing agent is 
sl difficult, because it should be insoluble in water, ca- 
alle pable of being added to a dye bath, a finishing mixture, 
nous a water-repellent, or a waterproofing agent, and it must 
onal not color the fabric or change the shade in the dyeing. 
cite It should be nontoxic and nondermatitic to man, if 
oil possible, and should be permanent. No agents have 
port been found yet which are not lacking in at least one of 
these respects, but some have given fair results. The 
bil principal compounds used have been mercury salts, 
still copper naphthenates, copper ammonium fluoride, and 
me other copper salts. They are not always compatible 
pat: with the other finishing agents. 
sie In the fireproofing field, too, difficulties have been 
‘ial met because the effective compounds are water soluble 






and hence are leached out of the fabric on washing. 
Some have been found which could be bound to the 
fabric by a resin but the fire-retarding chemical was 
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dissolved out when the fabric was immersed in water. 

There is a wide field open for the research chemist 
who has a knowledge of resins, organic synthesis, deter- 
gents, surface-active agents, the chemistry and me- 
chanicsof emulsions, and the chemistry of proofing mate- 
rials as used in mothproofing, waterproofing, weather. 
proofing, and fireproofing. Advances in the near future 
are likely to be made in alkali cellulose finishes, process- 
ing and dyeing of mixed fabrics, fabric labeling, cationic 
softeners, and in the development of fabrics of the newer 
types—aralac, soybean, nylon, vinyon, and fiberglass. 


SIXTH SUMMER CONFERENCE 
Connecticut College, New London, Connecticut 
August 24-8, 1944 


The program of the Sixth Summer Conference to be held at 
Connecticut College from Thursday evening, August 24, to 
Monday noon, August 28, 1944, will be centered about two 
main themes: (1) a symposium on oxidation-reduction, and (2 
recent developments in various fields of chemistry. Considera- 
tion will also be given to postwar teaching problems in the 
sciences. Details will be announced in the next issue. 

Although the summer conferences are held primarily for the 
benefit of members of the N.E.A.C.T., anyone interested will be 
welcome. Connecticut College, a privately endowed liberal arts 
college for women, opened for study in 1915. It is situated on a 
hilltop overlooking the town of New London, Long Island Sound, 
the Thames River, and the hills of eastern Connecticut. A 
spacious campus surrounding modern granite buildings is supple- 
mented by a 100-acre arboretum with lake and outdoor theater 
Ocean Beach Park, a beautiful new recreation and bathing beach 
operated by the city of New London, can be reached in 20 minutes 
by convenient bus service. 

New London is located midway between New York and Boston 
on the Shore Line of the New York, New Haven, and Hartford 
Railroad; excellent roads from several directions are available 
to those able to come by automobile, and bus service is frequent 
The summer session of the college (June 21 to September 13 
will be in progress during the period of the N.E.A.C.T. meeting. 

The cost of meals and lodging for each day will be $3.00, or for 
the entire conference, $12.00. All members and others in 
attendance must register to help carry the expenses of the con 
ference. The schedule of registration fees is as follows: 


$3.00 if paid before August 1. 

$4.00 if paid after August 1. 

Nonmembers: $6.00, including membership in the association 
and subscription to THIs JOURNAL for one-half year. 
Nonprofessional guests: $1.50. 


Members: 


Dr. Carroll B. Gustafson, Massachusetts College of Pharmacy, 
is Chairman of the Conference and Rev. Joseph A. Martus, 
S.J., Cranwell Preparatory School, Lenox, Massachusetts, is 
treasurer. All communications concerning the conference should 
be addressed to the committee secretary, Miss Helen Crawley, 
45 Lawton Road, Needham, Massachusetts. The otker mem- 
bers of the committee are the following: Millard W. Bosworth, 
Leallyn B. Clapp, Irwin B. Douglass, Gretta L. Dyas, Ina M. 
Granara, Donald C. Gregg, Elizabeth S. Hollister, Clinton S. 
Johnson, Zelda J. Lurie, Mary C. McKee, Evelyn L. Murdock, 
Norris W. Rakestraw, John R. Suydam, John A. Timm, and 
Raymond §S. Tobey. The Chairman has announced the follow- 
ing subcommittees: Social, Murdock, Lurie, Dyas; Reception 
and entertainment of speakers, Timm, Suydam; Transporta- 
tion, Tobey; Motion pictures, Bosworth; Exhibits, Johnson; 
Program, printing, and mailing, Crawley, with Theodore C. 
Sargent and Raymond E. Neal; Sessions Chairman, Gregg; 


Registration, Martus, Hollister, Granara; Publicity, Rakestraw, 
Clapp. 








RECENT BOOKS 


VEGETABLE Fats AND O1Ls. George S. Jamieson, U. S. Depart- 
ment of Agriculture. (A. C. S. Monograph Series), Reinhold 
Publishing Corporation, New York, 1943. 508 pp. 15.5 X 
23.5cem. $6.75. 


“The development of knowledge... , especially in chemistry,” 
the author states in his preface, ‘‘has been so rapid... , and the 
fields . . . so varied that it is difficult for any individual to keep in 
touch with progress in branches of science outside his own spe- 
cialty.”’ 

No one will seriously disagree with this pronouncement. When 
Dr. Jamieson undertook to write a book covering the entire field 
of vegetable fats and oils, he might have been expected to act on 
his own suggestion that ‘when men who have spent years in the 
study of important subjects are willing to coordinate their 
knowledge ..., they perform a service of the highest value.” 
The thing to do then was to make these specialists perform such 
service; it is unthinkable that anyone would have refused. 

This reviewer does not claim specialized knowledge on all oils, 
but he has worked in the drying oil field for 40 years and would 
be curious to know who gave that section of the book critical con- 
sideration. Take the chapter on linseed oil, for instance: On 
page 275 the flashpoint is given as 240°C. instead of 295°C., an 
error which could do a lot of damage, if accepted as true by under- 
writers and fire departments. That the preparation of boiled oil 
in steam-heated kettles produces inflammable fumes will come as 
a shock to every linseed oil plant manager in the country and to 
every chemist who knows that linseed oil does not decompose at 
steam temperature. Sales managers will be equally astonished to 
find that there is an oil sold as ‘‘single-boiled oil.”” And accord- 
ing to Dr. Jamieson, a low-acid blown [oxidized] oil is prepared by 
using carbon dioxide in place of air!! ‘‘Top-fired’’ oil, so we learn, 
is less oxidized than a “‘boiled’’ oil (whatever that means), and— 
surprise!—a mixture of linseed oil and tung oil will thicken faster 
than linseed oil alone. 

It would take pages to untie the knots Dr. Jamieson has put 
into some of his paragraphs. 

According to the author, for example, corn oil has been used in 
the manufacture of linoleum and oilcloth; corn oil is a nondrying 
oil, and the details of the process used should be interesting. 
Perilla oil, he states, does not polymerize at as low a temperature 
as linseed oil. Some people with sad experiences of losing batches 
will be as amazed to read this, as they will be to learn that upon 
heating, Perilla oil is said to become darker in the presence of 
driers than without them. What oil doesn’t? And if anyone 
following the method given on page 267, can get a “bright and 

clear” oil without an intervening treatment, after the last of the 
‘undissolved”’ (!) water has been separated, he should never have 
to worry about a job as an oil refiner. 

A minor error which should be corrected: Glen H. Pickard’s 
name is consistently misspelled Pichard. 

Enough of adverse criticism, lest anyone should think that Dr. 
Jamieson’s book has no value. Quite the contrary is true. A 
compendium of vegetable oils and fats is a necessity, and this 
book has made a good start toward a highly desirable goal. What 

_is needed, to make it a dependable reference work, is a more 
thorough sifting of the available data, and this can be accom- 
plished only by increasing the number of consultants to super- 
intend the compilation of the next edition. No one acquainted 
with conditions in the linseed oil field, for instance, would have 
countenanced the publication of the table of iodine values on page 
270, without pointing out what changes have taken place since 
this table was printed in 1911. The chapters on all oils should be 
read by experts in these respective fields wherever procurable, 
and when the subject has to be submitted without the benefit of 
such cooperation, it should be so stated. 

A reference book like this should be as authoritative as it can 


be made, and it is no reflection on Dr. Jamieson that he himself 
could not check all the statements contained in the literature of 
which he made use. 


Otto EISENSCHIML 
Tse Screntiric Om ComPouNDING CoMPANY a, 


CHIcaGo, I LAINOIS 


LABORATORY PRACTICE OF ORGANIC CHEMISTRY. G. Ros; 
Robertson, Associate Professor of Organic Chemistry, Univer. 
sity of California, Los Angeles. Revised Edition. 
Macmillan Company, New York, 1943. x + 369 pp. 
trated. 13.5 X 21cm. $2.50. 

“The main feature of this volume is an unusually extensive 
but informal treatment of the principles underlying laboratory 
manipulations.” 

Part I on “Theory and General Technique” covers the firs 
152 pages. This section is indeed much more complete than 


usually found in an introductory manual. It is excellently done 
The author’s style is clear, and discussions are easily followed 
Frequent diagrams and figures are used. For example, there are 


30 figures in the 50 pages on distillation. Many excellent practical 
suggestions are given upon such subjects as troublesome cleansing 
problems, sharpening a cork borer, removal of tubes and ther. 
mometers from stoppers, the problem of bumping, choice o 
solvents and the use of mixed solvents, the clarification of solu- 
tions, etc. 

Part II, “Laboratory Experiments,” contains directions for 
59 experiments (pp. 153-332). Standard methods for standard 
preparations are given. The choice is good and ranges up to the 
Grignard, malonic ester synthesis, the Skraup and the Diene 
Syntheses in the latter part of the section. In the accompanying 
discussions the degree of advancement of the student is con- 
sidered. Optional syntheses are listed and frequent references to 
other manuals are included. Questions are asked at the end of 
each experiment. 

Following the main preparative section supplementary syr- 
thetic sequences are listed which involve literature searches and 
the use of material found in such sources as ‘Organic Syntheses,” 
ete. A brief introduction to qualitative organic analysis is given 
in the last 16 pages. The book closes with an appendix of useful 
tables, lists of supplies needed for each experiment, etc. 

As a whole the text is excellent and most unusual in the extent 
it stresses and explains the techniques of organic chemistry. It 
definitely goes beyond the average text in this respect. It not 
only discusses these techniques from a theoretical basis but gives 
many practical suggestions. Particularly is this true of many 
simple little things most of us learned the hard way and which 
we sometimes forget to pass on to the beginner. The reviewer 
feels certain that it will appeal to many teachers. If I may 
speak personally, we are using at present a laboratory mar- 
ual that we have considered most excellent. After studying 
Robertson I am definitely tempted to change to it. 

OSBORNE R. QUAYLE 


” 
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THE ORGANIC CHEMISTRY OF SULFUR (TETRACOVALENT SULFUR 
Compounps). Chester Merle Suter, Director of Chemical 
Research, Winthrop Chemical Company; Formerly Professor 
of Chemistry, Northwestern University. John Wiley and 
Sons, Inc., New York, 1944. v + 858 pp. 41 tables. 14 X 
21cm. $10. 


In a very real sense this book fills a long-felt need in chemistry. 
The chemistry of sulfur-containing organic compounds has 
always been important, and this is particularly so in recent years 
with the phenomenal development of such compounds from 4 
biological viewpoint. 

The book is something more than a reference work. An in- 
teresting presentation has been made doubly attractive by 4 
liberal use of reactions and structural formulas. The author has 
made an effort ‘‘to include references to all the important litera- 
ture covered by Chemical Abstracts to January 1, 1942.’ The 
chapters are as follows: Esters of Sulfuric Acid; Aliphatic 
Sulfonic Acids; The Preparation of Aromatic Sulfonic Acids; 
The Properties and Reactions .of Aromatic Sulfonic Acids; 
Derivatives of Aromatic Sulfonic Acids. 1. Sulfonyl Halides, 
Esters, and Anhydrides; Derivatives of Aromatic Sulfonic 
Acids. 2. Sulfonamides and Related Compounds; and Sulfones. 
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The unusually thorough and excellently documented literature 
promises a long life of usefulness to a book that will find a cordial 
reception by those in both academic and industrial circles. 
Organic chemists everywhere are deeply grateful to Dr. Suter for 
an invaluable monograph, and they hope that the author will 
not be long delayed in presenting the remainder of sulfur chemis- 


try in a second volume. 
HENRY GILMAN 


lowA STaTE COLLEGE 
Ames, Iowa 


TuncsTEN. K.C. Li and Chung Yu Wang. (A. C. S. Mono- 
graph, No. 94.) Reinhold Publishing Corporation, New 
York, 1948. xvii+325pp. 15 X 23cm. $7.00. 

This book is intended primarily for chemists and engineers 
who are commercially interested in tungsten. The parts which 
will be of most interest to teachers and students are the Fore- 
word, and the chapter entitled ‘“The Economics of Tungsten.” 
In the Foreword Dr. Li describes his own experiences in the 
growth of the tungsten industry—his interest in the metal while 
he was a student in 1913 (when almost no one except the Germans 
saw any value in it), his discovery of tungsten in China and the 
organization of a company to exploit it, and his successful efforts 
to divert Chinese and South American tungsten from Japan 
and Germany to the United States. 

The chapter on the economics of tungsten throws some light 
on the complicated international situation in regard to this 
strategic material, as well as on price and production trends. 
Tungsten is so important in the economics of war that it plays a 
much greater role in world politics than its tonnage might indi- 
cate. - 

The other chapters may be described briefly: ‘‘The History of 
Tungsten” and “‘The Chemistry of Tungsten” are reminiscent 
of Mellor’s ‘Comprehensive Treatise,’”’ and were evidently com- 
piled to a large extent from Mellor and from Gmelin’s “Hand- 
buch.” Even though the present usefulness of tungsten de- 
pends largely upon the physical properties of the metal, it is un- 
fortunate that the chemistry of this interesting element has not 
been discused more critically, and that no developments of the 
past 10 years have been described. ‘‘The Geology of Tungsten” 
(89 pages) describes ore bodies in all parts of the world. ‘‘The 
Ore Dressing of Tungsten” (42 pages) and ‘“‘The Metallurgy of 
Tungsten” (68 pages) are discussed from the engineering point 
of view, the latter chapter being largely a description of 
patented processes. ‘The Analysis of Tungsten” (8 pages) gives 
laboratory procedures. ‘“The Industrial Application of Tungsten”’ 
(22 pages) discusses the uses of tungsten and its alloys, carbides 
and compounds, while ‘Substitution of Tungsten’’ describes 
the possibilities of using other metals (chiefly molybdenum) in 
place of tungsten. 

This book will undoubtedly be useful to many chemists and 
metallurgists, but is too limited in scope to be of great value to 
most readers of THIS JOURNAL. 

Joun C. Baar, JR. 


UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 


FUNDAMENTALS OF CHEMISTRY AND APPLICATIONS. Charlotte A. 
Francis, Formerly Instructor in Chemistry, Teachers College, 
Columbia University, and Edna C. Morse, Instructor in Chem- 
istry, Teachers College, Columbia University. The Macmillan 
Company, New York, 1943. Second Edition. xi + 537 pp. 
98 figs. 15 X 22cm. $3.50. 

This book constitutes the second edition of a text well known to 
chemistry teachers in the applied field of nursing education. The 
authors state in the preface to the first edition that the material 
and outline of work follow the recommendations presented in the 
Curriculum Guide for Schools of Nursing published by the Na- 
tional League of Nursing Education in 1937. In other words, 
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the material comprises a summary of inorganic, organic, and bio- 
chemical principles with applications in the field of medicine and 
nursing practice. Since many of these pertain to subjects required 
of home economics students, the authors suggest that the text 
also may be used with that group. The second edition follows 
closely the plan of the first one. It apportions approximately 
one-half of its contents to inorganic chemistry, one-tenth to 
organic, and the remainder to biochemistry. 

The subject matter included in the second edition does not 
differ appreciably from that in the first one, although change: 
noted by the authors in its preface are apparent. The section: 
on atomic and molecular weights, valences, solutions, and cyclic: 
have been simplified and reorganized. Some material on chemo- 
therapy has been added, which should increase student interest 
The ionization theory also has been extended to include more than 
the Arrhenius view. 

The reviewer feels that the second edition would benefit from 
some further changes. Unfortunately, a praiseworthy attempt to 
explain certain subjects in detail leaves the reader somewhat 
confused. By way of example might be mentioned the distinc- 
tion made between oxygen the substance and oxygen the element 
Moreover, at the risk of seeming unappreciative of the excellent 
review questions, tables, and illustrations which have been pro- 
vided, the reviewer wishes that more study aids had been included 
such as chapter outlines, etc. The student needs all possible 
assistance in understanding the many points which have to be 
covered in this type of survey course. Finally, insufficient space 
seems to have been accorded to the vitamins. This is done in- 
tentionally, however, because the authors state in the preface 
that they prefer to discuss these compounds briefly and leave their 
detailed consideration for other courses of study. The advis- 
ability of their decision is open to question in view of the current 
popularity of the subject. 

In conclusion, it must be said that the authors have done a 
creditable job in preparing this text. It covers the field and illus- 
trates its points with well-chosen applications. However, the 
busy or immature student may experience some difficulty in com- 
prehending certain sections easily and quickly and may be slightly 
hindered in her progress by the relative lack of study aids which 
frequently are found in similar texts and are so helpful to the 


beginner. 
HELEN I. MINER 


WayYNE UNIVERSITY 
Detroit, MICHIGAN 


TEXTBOOK OF QUANTITATIVE INORGANIC ANALYsIs. J. M. Kolt- 
hoff, Professor of Analytical Chemistry, University of Minne- 
sota, and E. B. Sandell, Assistant Professor of Analytical 
Chemistry, University of Minnesota. Revised Edition. The 
Macmillan Company, New York, 1943. xvii + 794 pp. 131 
figs. 15 X 22cm. Cloth. $4.50. 

This is one of the two or three most useful texts on the market 
for the teacher or serious student of elementary analytical chem- 
istry. More comprehensive than most books intended for a 
year’s course in quantitative analysis, it may also serve as a brief 
reference work in the field. -- All distinctive features of the earlier 
edition, such as the thorough discussion of precipitation processes, 
and the inclusion of sections on conductimetric titrations and 
organic reagents have been retained, and there is a new section on 
amperometric titrations. Spectrophotometry is more completely 
discussed in this edition. The arrangement is essentially un- 
changed, and the four principal divisions are: Gravimetric 
Analysis, Volumetric Analysis, Physics—Chemical Methods, and 
Analyses of Complex Materials. Although decidedly condensed, 
the theoretical sections are clearly written and generally adequate. 
A four-place logarithm table and list of atomic weights forms a 
separate folder in a pocket at the back of the book. This book 
is very useful for a review of the field at the senior or graduate 
level, as well as for beginners. 

Norris F. HAty 


UNIVERSITY OF WISCONSIN 
MapIsoNn, WISCONSIN 
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GeNERAL CHemistRY. A First Course. Leona E. Young, 
Professor of Chemistry, Mills College, and C. W. Porter, Pro- 
fessor of Chemistry, University of California. Revised edition. 
Prentice-Hall, Inc., New York, 1943. xi + 527 pp. 176 figs. 
15 X 23cm. $3.75. 

First appearing in May, 1940 [of. J. Cuem. Epuc., 17, 500 
(1940) ], this book has run through five printings, and now comes 
forth in a revised edition. Essentially it is the same book, al- 
though attempts have been made to appease critics of the first 
edition. 

The major changes made are: (a) advancement of the treat- 
ment of the gas laws from the appendix to Unit II; (6) addition 
of sections on Raoult’s law, and crystal form and structure; (c) 
expansion of the unit on organic compounds; (d) added discussion 
of the less common elements such as Be, Ti, Zr, Th, Se, Te, and 
Ge. In addition, there has been a moderate amount of rewriting 
to improve clarity or to include recent discoveries, although sur- 
prisingly enough there is no mention of the extraction of either 
Mg or Br from sea water. 

This is still a simple text. Many teachers, probably a majority, 
are blessed with students who are none too well prepared in 
high-school science and mathematics. For such, some of the 
encyclopedic tests that have appeared in recent years are much 
too stiff a dose. Whether or not, as may be argued, it is the fault 
of the secondary schools, the fact remains that we must provide 
some instruction in chemistry for less than top-flight students. 
For such, here is a conservative text, following a well-beaten path 
successfully, well written, interesting. 

To turn briefly to faults, now, what little hair remains to this 
reviewer stood on end at reading the following (p. 5): ‘“‘We should 
(finally) have a single molecule of the substance, this time a 
molecule of sodium chloride. A single molecule of table salt would 
be so light that it could not be a solid substance. It would be a 
molecule of sodium chloride gas.’’ Other eyebrow raisers are: 
“The non-luminous gas flame is much hotter than the luminous 
one”’ (p. 7), “one liter = 1000 cc.”’ (p. 512), and the flat-bottomed 
flask shown in Fig. 117 for an experiment similar to the ammonia 
fountain. [See E. C. Weaver, ‘‘Laboratory accidents,” J. CHEM. 
Epuc., 21, 199 (1944).] Those of us who try to put over the 
idea of significant* figures will be disheartened by the solved 
problem on page 161. Clerical errors appear on pages 119 and 
121. 

To meet current shortages it has been necessary to use smaller 
type, fewer illustrations, thinner paper, and cheaper binding, so 
that even with considerable added material, the number of pages 
is reduced by about one-fifth. This is harder on the eyes, but 
probably cannot be helped. 

In brief, then, here is a justifiably popular book, easy enough 
to be suitable for average and poor students, old-fashioned enough 
to raise howls from a few and to comfort the many, adequately 
accurate and comprehensive, and well written. 

E. W. PHELAN 


THe GEorGIA STATE WOMAN’S COLLEGE 
VaLposta, GEORGIA 


QUANTITATIVE ANALYsIS. Harold S. Booth, Professor of Chem- 
istry, Western Reserve University, and Vivian R. Damereil, 
Assistant Professor of Chemistry, Western Reserve Univer- 
sity. Second Edition. McGraw-Hill Book Company, Inc., 
New York, 1944. xiv + 303 pp. 52 figs. 22 tables. 13 X 
21cm. $2.50. 

A good description of this book is given in the preface: “This 
text is intended for use in the quantitative analysis course that 
normally follows qualitative analysis. It is the outgrowth of a 
lithoprinted book that the authors have revised repeatedly over 
the last 10 years. The text has been built around the laboratory 
experiments, which the writers feel to be of prime importance 
in quantitative analysis. The theory has largely been incorpo- 
rated with the laboratory directions. The authors believe it is 
more readily assimilated when included in this manner, partly 
because of the small doses, and partly because of the direct 
illustrations possible when theory and practice are combined. 
Some parts of the theory cannot be so incorporated readily, and 
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these have been included in separate chapters at the points where 
the material can be studied to the best advantage. . . This js 
avowedly an elementary text. The laboratory experiments 
have been selected to illustrate the basic techniques and prin. 
ciples. The laboratory directions have been written in such a 
manner that the student can follow them with a minimum of 
supervision. The book has been arranged so that either grayj- 
metric or volumetric analysis can be given first... The book 
can readily be used either for a half year or for a year course.” 

The second edition contains seven additional determinations, 
Certain passages have been clarified or expanded. Additional 
self-examination questions have been included. A welcome ad- 
dition is provided by 178 problems. Answers are given for the 
first several examples in each set. The problems are numbered 
consecutively throughout the entire book, a great convenience 
that might well be adopted by other writers. 

The first edition (1940) contained xi + 246 pages, 15 X 23 cm, 
The present edition has 60 pages more. The type size and the 
printed area on each page are identical in both editions. Never- 
theless, the 1944 edition weighs only 520 grams as opposed to 
720 grams. The economy was achieved by trimming the ex- 
cessive margins and by using a lighter paper. The net result isa 
much handier volume. It is hoped that this improvement will 
not be discarded when the present paper restrictions are no longer 
a compelling factor. 

The American colleges have evolved a fairly standard course 
in beginning quantitative analysis. Quite a few texts are now 
available to fit this syllabus. An instructor can choose any of 
the half dozen better ones quite at random and not make a 
serious error. ‘‘Booth and Damerell’’ can be included in this 
company. 

Much thought, careful planning, and matured pedagogical 
experience have manifestly gone into this text. The laboratory 
directions are exceptionally lucid and heavy type has been 
effectively used to aid the student through the maze of the 
procedures. Particular emphasis has been laid on the calibra- 
tion of weights and volumetric equipment. 

The text will serve well the needs of those who wish to learn or 
teach the fundamentals of quantitative analysis. It should not 
be expected to do more. 

RALPH E. OkSPER 


UNIVERSITY OF CINCINNATI 
CINCINNATI, OHIO 


ORGANIC REACTIONS. Roger Adams, Professor of Chemistry, The 
University of Illinois, Editor-in-chief, with an editorial board of 
four, and nine associate editors. Volume I. First Edition 
John Wiley and Sons, Inc., New York, 1942. vi + 391 pp 
14.5 X 22.5cem. $4.00. 

This is the first volume of a contemplated series of books deal: 
ing with general reactions of organic chemistry, their mechanism, 
applicability, and limitations. Each of the 12 chapters is writtel 
by an author who has had personal experience with the type of 
synthesis that is described, and enough detailed procedures have 
been given to indicate important variants of the methods. Ins0 
far as possible, attempts have been made to list all known ex 
amples of the reaction, either in the text itself, or in the form of@ 
table. The great amount of work involved is indicated by the 
476 literature references appearing in the section on the Clemmet- 
sen reduction, and the 232 in the section on the Perkin reactiol. 

The chapter headings are the following: The Reformatsky 
Reaction, The Arndt-Eistert Synthesis, Chloromethylation of 
Aromatic Compounds, The Amination of Heterocyclic Bases by 
Alkali Amides, The Bucherer Reaction, The Elbs Reaction, The 
Clemmensen Reduction, The Perkin Reaction and Related Reat- 
tions, The Acetoacetic Ester Condensation and Certain Related 
Reactions, The Mannich Reaction, The Fries Reaction, and the 
Jacobsen Reaction. 

This series of books will be indispensable to all chemists inte! 
ested in the preparation of organic compounds. 

F. W. BERGSTROM 


STANFORD UNIVERSITY 
STANFORD UNIVERSITY, CALIFORNIA 
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Editors Outloch 


HE OLD injunction, ‘‘Don’t believe all you hear 

nor more than half of what you see,” is funda- 
mentally a good one. Nevertheless, this is a pretty 
strict limitation on the learning process, for, leaving 
out of account the blind with an elaborately developed 
sense of touch, there are no other ways for most of us 
to gain information than by hearing and seeing. The 
respective coefficients of reliability which the injunc- 
tion implies are probably a trifle low, although there 
are times when we may doubt it. 

Someone claims to have determined (or at least has 
estimated) that 90 per cent of what we learn comes to 
us through our eyes and only 10 per cent through our 
ears. If this is true—and there is no good reason to 
doubt it—it is of more than academic interest. If we 
accepted the implications seriously a revolution in our 
teaching procedures would result. For most of our 
teaching is founded upon talk, talk, talk. If we were 
pressed, too many of us would have to admit that our 
method is that of the negro preacher who, when asked 
how he made his sermons so effective, replied: ‘Well, 
fust I tells ’em what I’se gwine tell em; then I tells 
‘em; then I tells ’em what I’se done told ’em.” 

In this regard college professors are probably worse 
offenders than secondary school teachers, chiefly, 
perhaps, because the latter are encouraged to place a 
higher premium on teaching efficiency, and because 
many of the former feel that they have more important 
things to do than teaching, anyway. The “lecture 
method”’ is by far the easiest way out; it requires little 
time to “tell ’em’’ and, for an experienced teacher, 
little or no preparation. There are few of us who don’t 
often take the easiest way, to avoid the effort involved 
in trying to find more effective means. 

The pros and cons of the lecture method have been 
argued many times; there are points in its favor other 
than mere expediency. At best, it can be inspiring; 
at worst, it can be boring, certainly soporific. When 
the lecture method is combined with visual demon- 
strations, or at least with considerable use of the black- 
board, as is often the case in teaching chemistry, it can 
be lifted out of the dull depths into a place of its own. 

Every teacher knows the handicap under which he 
works if he attempts to compete with a textbook. It 
is practically impossible to ‘“‘put across’ any idea at 
variance with the textbook of the class. 

One reason for the greater efficiency of visual im- 
pressions is that they may be continuous and non- 
interfering. If you stare at a printed page or a picture 
for five minutes it shouts its message at you all that 
time, while if a lecturer says the same thing over for as 
long a time you merely get irritated, as you do at a 


repeating phonograph. Furthermore, you can watch 
and understand what two men are doing simultaneously, 
but if each tries to tell you a different story you get 
nothing of either. 

It would be of little importance to bring up again 
this contrast between auditory and visual education 
but for the new developments which are appearing. 
It will behoove every teacher who takes his work 
seriously to make himself familiar with what is being 
done by the Training Aids Division of the various 
branches of the Army. Visual methods and material 
will be available when the war is over—or even be- 
fore—which can have an enormous influence upon the 
future of chemical education. Faced with a tre- 
mendous educational job to be completed in a minimum 
amount of time the various Training Divisions have 
had to develop their own methods, uninfluenced by 
orthodox educational tradition. While the problem 
has in many cases been the teaching of mechanical 
skills, there have also been more fundamental and 
theoretical subjects. 

When a broad field is involved, such as chemistry, 
there are many other considerations besides a mere 
choice of visual or auditory means of imparting in- 
formation. To borrow a simile from current events, 
the teaching process is like an invasion; you may 
establish your beach-head by landing amphibious troops 
or by dropping an airborne division from the air, 
whichever is the more effective, but the truly important 
thing is the final consolidation of the ground. 

Similarly, learning is not merely the perception of 
facts but a coordination and integration of ideas once 
established. And for this there is no other way but 
the agitation of one’s own gray matter. Any amount 
of reading, or looking, or listening will avail nothing 
if it is not followed by some concentrated thinking, and 
thinking is the most personal thing we do; no one else 
can do it for us—thank God. Forty facts poured into 
a mind—by lecture, by textbook, by moving picture— 
are but parts of a jig-saw puzzle which that mind must 
assemble for itself. A complete picture may result 
or the original jumble may remain, but the effort put 
forth by the mind is so intimately connected with its 
use that if anyone else puts the pieces together the 
result is completely without effect. 

So let us by all means look for the most effective 
means of presenting ideas, but let us not encourage 
our students to think that there are any short-cuts by 
which they can avoid effort in their own training and 
education. Knowledge and wisdom were never won 
without effort, and their acquisition is our individual 
responsibility—as well as our privilege. 
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Walhalla, the German Hall of Fame 


RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 











WALHALLA, NEAR REGENSBURG, BAVARIA 


— (Hall of the Chosen) was selected by 
Ludwig I of Bavaria as the name of the me- 
morial which he ordered erected in honor of the cele- 
brated Germans that he deemed worthy to grace this 


“Temple of Fame.’’ The plans were drawn by Klenze; 
the cornerstone was laid in 1830, and the dedication 
ceremonies were held in 1842. 

This impressive building stands on the heights (315 
feet) above the Danube, seven miles east of Regens- 


INTERIOR OF WALHALLA. LIEBIG IS THE ONLY CHEMIST IN 
THis GERMAN “‘HALL OF FAME” 


burg (Ratisbon). It is an impressive sight, built of 
massive blocks of unpolished gray marble, in the style 
of the Parthenon. The exterior is 246 feet long and 
115 feet wide, and is surrounded by 52 Doric columns. 

The interior consists of a hall 157 feet long, 46 feet 
wide, 52 feet high. The bronze coffered ceiling is car- 
ried by 14 colored caryatids. The frieze of the rich 
architrave illustrates the history of the German nation. 
Gorgeous fresco paintings show the Teutonic gods in 
Walhalla. The Ionic interior is as rich as colored 
marbles, gilding, and sculpture can make it. The 
ensemble represents a strange fusion of classic Greek 
architecture with the ancient barbaric Paradise and 
modern German celebrities. 

This Teutonic temple of fame contains 61 marble 
tablets bearing the names of famous Germans of whom 
no likeness has been preserved, and about 200 marble 
busts of German worthies. Most of the early busts 
are not particularly good, as the sculptor, who received 
a wholesale order, is reported to have made a standard 
head, on which different noses were applied. 

The choice of the ‘‘Walhallagenossen”’ reflects the 
fact that this was not a national undertaking but a 
purely personal enterprise. For instance, Luther 1s 
not included. Liebig, who was a favorite of the 
Bavarian royal family, is the only chemist included 
in this German “Hall of Fame.” 


Urea can replace effectively part of the protein supplements in the ration for cud- 


chewing animals. 


Work in which urea was used as a substitute for protein concen- 


trates in the ration for cattle has been reported from Hawaii, Kansas, Massachusetts, 
and Wisconsin Agricultural Experiment Stations, and for sheep from Illinois and 


New York Stations. 
by the animals. 


In all cases, nitrogen supplied as urea was satisfactorily utilised 
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HEN one thinks of a chemist, the mental image 

usually engendered is that of a man surrounded by 
test tubes and flasks. Less often there may be a woman 
in the picture. But one seldom thinks of either a man 
or a woman surrounded by books as being a chemist. 
Such persons are relatively few in number, yet the work 
they do is important in industrial research. Before 
the war, women chemists almost had a monopoly on 
this type of work. At present, due to the general 
shortage of workers, women chemists are being eagerly 
sought for many laboratory jobs. But it is probably 
safe to predict that after the war this demand will di- 
minish and the type of job in industry that women had 
before the war will be the chief outlet for their talents 
and experience. Also more men than the present few 
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ea may be attracted to chemical desk work. It is there- 
a fore well to reviewsthese activities and to indicate some 
in of the opportunities and responsibilities they present. 
Most of these activities are centered in the technical 
red lib . ai? 
‘he  lbrary which every research organization needs. They 
ek include: (1) reference work, (2) abstracting and index- 
nd ing, and (3) bibliographical work. Sometimes (4) pat- 





ent searching, (5) translating, and (6) editing and 
writing are under the auspices of the technical library, 
and sometimes they are done by members of other units 
of a company. 

I. Reference Work. A librarian has been facetiously 
defined as a person who needs a profound knowledge of 
what is on the cover of a book. But a reference libra- 
rian is quite a different person, one who knows how to 
find answers to questions by knowing the contents of 
books. The question in a chemical library may con- 
cern a property of one substance, such as the solubility 
of nitroglycerin in water at a given temperature, or it 
may be what plasticizers are compatible with a new 
resin. But in the life of a reference librarian there are 
also lighter questions, as that of an earnest Ph.D. who 
hurried up to the desk and asked the young woman 
there, “What did I come in here for?” 

The first essential qualification for successful refer- 
ence work is to know everything about the collection, 
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what is in it, and how to use it. This involves consid- 
erable knowledge of chemical nomenclature, the pecu- 
liar arrangements of indexes of chemical compounds 
and properties, and some knowledge of other languages, 
If the collection includes not only the usual library 
tools of published material, but also technical corre- 
spondence, patents, research reports, and trade cata- 
logs, the knowledge and versatility needed are multi- 
plied. The reference librarian must also know what is 
in neighboring libraries and how to bring it to her own 
clientele. 

One of the more important and difficult tasks of the 
reference librarian is the evaluation of new books in 
comparison with those already available. Though in 
many companies library committees of technical per- 
sonnel are in part responsible for choices, a broad 
knowledge of chemical literature is needed in order that 
the librarian can make intelligent proposals. This 
knowledge, as well as skill in indexing and filing, is also 
needed for cataloging the book when it arrives. 

For reference work, bachelor’s degrees in both chem- 
istry and in library science are desirable. If a person 
with both degrees is unavailable, one trained in chem- 
istry is preferable to one trained only in library science, 
since it is possible to pick up the rudiments of library 
work from contacts, experience, and in-service training, 
but there is no time to learn chemistry on the job. 
There is the possibility, too, of employing an assistant 
with either library or chemical training in case the de- 
partment head lacks knowledge in either field. 

2. Abstracting and Indexing. A central file of in- 
formation of interest to the research staff of a company 
is needed in order to make it available in the planning 
and interpretation of new research, and to prevent 
duplication of experiments. The ordinary abstract 
journals do not suffice, since much of the needed in- 
formation is in confidential company reports and letters. 
At the Hercules Experiment Station, for example, this 
file, known as the “Central Index,” consists of subject 
and author cards containing abstracts of company re- 
ports, letters transmitting technical information, pat- 
ents, and translations, photostats, and microfilms of 
journal articles. Related material is kept together 
under carefully chosen subject headings in conformity 














with best technical usage, and numerous cross refer- 
ences are inserted to help the user find his way about in 
the large file. Thus if a chemist sought information on 
lacquers, he would find general material at the heading 
“‘Lacquer’’ and cross references to ‘‘Nitrocellulose Lac- 
quer” and “‘Ethylcellulose Lacquer’’ which are of suffi- 
cient interest to warrant separate headings; or if he 
wanted information on decolorizing, purifying, o- re- 
fining rosin, he would find it at ‘“‘Rosin—Purification.” 
The format of the index and the indexing policies are de- 
scribed in two mimeographed books which are useful 
not only to the indexers but also to those who use the 
index. Moreover, personal instruction in its use is 
given to all new chemists. 

The chemists who prepare the informational abstracts 
and index entries are called technical abstractors. 
Their job is to read, digest, and index a wide variety 
and great volume of technical writing on a large number 
of subjects. A master’s degree or its equivalent in 
chemistry is desirable for this work, as only four years of 
chemistry are not sufficient background from which to 
evaluate the literature; also the initial training period 
is two or three times longer for those with only four years 
of chemistry. But by dividing up the work so as to 
give each abstractor a field suitable to his or her train- 
ing, place can be found for some without advanced 
training. Of equal importance with knowledge of 
chemistry is ability to grasp important points, to sepa- 
rate them from nonessentials, to express them clearly, 
and to treat them in a uniform way so that the index 
will be self-consistent. Some of this they can learn by 
trying, but no one lacking what may be called (for want 
of a better term) a ‘‘sense of indexing’’ can ever be- 
come really good at this job. 

3. Bibliographic Work. Though all the staff of a 
technical library and its facilities are devoted to aiding 
the chemist in his laboratory work, some of the most 
direct service is done by bibliographers and literature 
searchers who work on requests from the laboratory 
men. They prepare bibliographies, annotated bibliog- 
raphies with abstracts and comments, literature sur- 
veys, and collections of informative abstracts on cur- 
rent publications. 

Bibliographies with brief abstracts of the articles 
cited leave a great deal of reading to be done by the 
chemist for whom they are made. Nevertheless, they 
represent work for which most chemists have neither 
time nor inclination. Since a bibliography may be of 
use to others besides the person making the request, it is 
better to have it typed, bound, filed, and indexed so that 
others can use it, instead of merely sending the cards to 
the person requesting the work. 

A literature survey is something more than a “re- 
hash” of what hasbeen published, something morethana 
time-saver for a chemist who cannot and should not 
spend a major portion of his time in the library. Itisa 
critical selection and evaluation of the literature, in- 
cluding company research reports, organized and re- 
ported in such a way as to be most directly contributory 
to the problem at hand. Many articles which have no 
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apparent relevance to a subject and which would not be 
included in a bibliography must be judged and related 
to the problem because of the indirect light they throw 
on it. Obviously a real insight into chemical theory, 
and not just a knowledge of books, is needed for this 
kind of work. 

A literature survey is sometimes requested before the 
initiation of research work, so as to provide a back- 
ground against which laboratory work can be planned. 
Often, however, the literature is searched simultane- 
ously with the laboratory work, and from week to week 
the library worker and laboratory worker keep in step, 
each providing queries, suggestions, and interpreta. 
tions to the other. Close contact is maintained through 
frequent conferences, laboratory reports which come to 
the library, and letters from the library to the labora- 
tory. The library research worker thus contributes 
both from the standpoint of planning research and of 
originating patentable ideas. The final and permanent 
form in which the literature survey is preserved often rep- 
resents a valuable contribution to scientific knowledge, 
and as such it may be suitable for publication. 

A phase of bibliographical work which may also be 
done by members of this group sometimes in conjunc- 
tion with the technical abstractors is keeping the staff 
informed of new publications. Libraries vary in their 
ways of doing this; periodicals may be circulated or 
bulletins and memoranda sent out calling attention to 
articles of interest. As ours is a research reference 
library, a semimonthly abstract bulletin sent to all di- 
visions of the company has proven most satisfactory. 

Bibliographic work, like laboratory work, is diversi- 
fied and affords openings for persons with various edu- 
cational backgrounds. It ranges from literature 
research where a graduate degree in chemistry or its 
equivalent in experience or specialized training-on-the- 
job is essential, to simple literature searches which can 
be done by those who have only a bachelor’s degree. 
There are, however, certain intellectual traits which all 
must have who do this work. These are chiefly a keen 
theoretical interest, a strong liking for the printed page, 
proficiency in correlating facts, and a knack for formu- 
lating an over-all view of the relevant information. 

4. Patent Searching. Patent searching is done in 4 
manner dependent on the objective. It may be rela- 
tively simple or quite complex. It is usually made for 
one or more of the following purposes: (1) to locate 
technical information, (2) to develop state of art prior 
to carrying out research—Information Search, (3) to 
develop state of art prior to filing a patent application— 
Novelty Search, (4) to determine whether infringement 
is involved in any proposed operation—Infringemen! 
Search, (5) to locate anticipation which would affect 
the validity of an infringed patent—Validity Search. 

These searches may be made in the company library 
where files of the Official Gazette of the U. S. Patent 
Office and various chemical abstract journals are avail- 
able, in the classified patent files of the United States 
Patent Office, or in one of the larger public libraries, 
depending on the nature and extent of the search. 
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In most companies patent searches are functions of 
apatent department. N evertheless, patent literature is 
of such importance to the chemical industry that all 
those doing literature service work should understand 
the basic principles of this special type of publication. 

Patent searchers must have the same thorough 
knowledge of chemistry as others who read, understand, 
abstract, and evaluate technical literature. They need 
to have a reading knowledge of German and French 
and to have or acquire a background in patents and 
patentlaw. Usually the patent training has to be given 
on the job as the supply of chemical patent attorneys 
is limited. Persons with advanced degrees are sought 
for this work because of their broader knowledge of 
chemistry and better training in the use of chemical 
literature. 

5. Translating. Until the millennium arrives when 
all scientific literature is published in Basic English or 
some other international language, or when all chemists 
can read all languages, translations will have to be made. 
Translating alone or in conjunction with bibliographic 
work is open to persons with a knowledge of chemistry, 
German, and French and with sufficient interest in and 
love for languages to be willing to learn other European 
languages, especially Russian. 

For this important work, a native American is usu- 
ally preferred to a European, for to translate into 
English requires an intimate feeling for English which 
many Europeans who come to this country after they 
are grown do not have, even though they “know” 
English. 

6. Editing and Writing. In a large company there 
are many opportunities for a person who is talented in 
writing, especially if he also has technical training in 
the fields of the company’s interest. A technical li- 
brary, being a clearing house for information, affords 
frequent occasions for writing manuals and descriptive 
bulletins. For example, in Hercules Experiment Sta- 
tion Library, one member of the staff has prepared a 
manual on the writing of research reports, containing 
instructions for uniform reporting of results; another 
has written a descriptive manual on the organization, 
tules and regulations, and facilities of the Experiment 
Station. Still another edits technical articles by re- 
search chemists before they are submitted for publica- 
tion. 

Other types of writing and editorial work can, for 
obvious reasons, be most suitably done in other offices, 
and offer many openings to people with proper qualifi- 
cations. ‘‘Ghost writing” for busy executives, writing 
technical advertising, and editorial work for house or- 
fans that publish technical information are a few of the 
Ways technical writers can be of value. 

It is very difficult to say exactly what education and 
training are needed for these jobs. Certainly a most 
important part of the training comes from day-to-day 
Contact with executives and a kind of “osmosis” of 
Company policies. The persons who do technical writ- 
ing need a good background in chemistry, although in 
general their work will be reviewed from a technical 
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standpoint by the highly trained chemists who have 
more intimate knowledge of the specific subjects dealt 
with. A broad knowledge of and experience in other 
fields of learning is needed, as well as ability to write 
intelligibly and attractively. 

This brief description of nonlaboratory jobs in chem- 
istry leaves four important questions largely un- 
answered. They are: Where do we get the people for 
the job? How do we choose them? How do we train 
them? What is their future? 

Where do we get the people for the jobs? The answer 
is: any college in this country or Canada which gives a 
thorough course in chemistry. Contacts are made 
with them by “‘scouts” or personnel men who visit the 
schools and interview the students. Sometimes college 
placement bureaus, technical society employment 
services (such as those of the American Chemical So- 
ciety and the Special Libraries Association), classified 
advertisements in technical journals, and more or less 
casual contacts also supply names worth following up. 

How do we choose them? In choosing a person for 
any job, knowledge and personality are the main factors 
to be considered. In choosing chemists for library or 
other desk jobs, knowledge is judged by college records 
and references from teachers and employers; for older 
graduates, experience weighs heavily in any decision. 
In reviewing the different jobs, the need for work repre- 
sented by advanced degrees has been repeatedly 
stressed. One reason is that the jobs reviewed are to a 
large extent filled by women, and women chemists with 
an A.B. degree generally have not had as much training 
as men with the same degree. Neither men nor women 
have had much experience with chemical literature 
and we have yet to meet a young graduate, be he bache- 
lor or doctor, who is familiar with patents. The de- 
ficiencies in education tend to disappear with more ad- 
vanced training, but at the outset women chemists in 
library work often have advantages that do much to 
counterbalance their deficiency in technical training. 
They generally have a broader cultural background and 
a better knowledge of English composition than the 
men, which often gives them superiority in jobs like 
abstracting, translating, editing, writing, and preparing 
bibliographies. 

Only if the educational background is adequate need 
the personal qualifications be considered. Among the 
essential personal qualifications are: persistence to keep 
searching, imagination to grasp the significance of ques- 
tions and to think up new sources, appreciation for order 
and system, and cooperativeness with fellow-workers. 
Of course a sense of humor is a help in all jobs 

Naturally, different personal traits will be needed for 
different jobs. The reference librarians and others who 
rub elbows daily with many persons must like people and 
have a pleasant manner, while the abstractor, bibliog- 
rapher, translator, and writer may be of an introvert 
make-up without this adversely affecting his work. 

One way of ‘‘choosing”’ which should be avoided does 
not really involve a choice at all: it is the well-known 
process of ‘“‘dumping.’’ All too often people who have 
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not been satisfactory in the laboratory are transferred 
to some other line of work, and technical libraries have 
probably received more than their share of misfits. To 
be sure this may work to the benefit of all concerned. 
But before accepting such a person for these jobs, the 
reasons for the shift should be carefully weighed; de- 
spite the old saw, one should always look a gift horse 
in the mouth. 

How do we train them? Training on the job should 
begin immediately. Besides the regular instruction 
manuals given to all new employees, special manuals 
directly related to a desk chemist’s particular line of 
work should be given. For those who are to work in 
the library, manuals on indexing, terminology, report 
writing, and company products should be particularly 
emphasized. A dual training program is instituted for 
them, so that they learn company products and related 
materials and also get intensive instruction in using 
chemical literature, abstracting, and indexing. The 
new worker learns these both by study and by being 
apprenticed to an experienced person. Laboratory ex- 
perience within the company is also desirable, at least 
for a short time, but this is generally difficult to ar- 
range. It is possible, however, to bring the laboratory 
close to the library and to the person doing any kind of 
desk or book work by taking him to see all the opera- 
tions of the laboratories. The guide should be an older 
employee with an over-all picture of what is going on. 
Later, when the new employee undertakes a specific 
job and needs to know more about a specific product or 
process, he may make a special visit to the laboratory 
or pilot plant concerned. Thus close cooperation be- 
tween library and laboratory is established. 

Training in the use of published chemical literature 
varies with the background of the employee. If it be- 
gins from scratch, Chemical Abstracts comes first. This 
should be followed by a detailed description and evalua- 
tion of the reference books and journals in the collection, 
with special reference to peculiarities in indexes and 
pagination. In this training, the books on the use of 
chemical literature by Crane and Patterson,’ Mellon,® 
and Soule‘ are to be recommended. 

Training is needed not only in these technical direc- 
tions, but it is also necessary in changing one’s orienta- 
tion to fit the requirements of these jobs. If one be- 
gins this kind of work immediately upon graduation, 
the change from the relative leisure and independence of 
university life to the constant pressure and teamwork of 
industry is often difficult, and the administrator must 
begin early to make his workers, especially the women, 

? CRANE AND PATTERSON, “The Literature of Chemistry,” 
John Wiley and Sons, Inc., New York, 1927. 

3 MgLLon, ‘“‘Chemical Publications: Their Nature and Use,” 
2nd ed., McGraw-Hill Book Company, Inc., New York, 1940. 


4Soutr, “Library Guide for the Chemist,” McGraw-Hill 
Book Company, Inc., New York, 1938. 
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industry-conscious. When a person transfers from the 
laboratory to a desk job, he must be “‘sold”’ on it, be- 
cause there may often be a feeling that this work is of 
less importance. 

What is their future? These library and desk jobs 
are necessary for the successful accomplishment of 
laboratory work and thus for success in the research of 
a company. The importance of choosing well-trained 
and capable persons to fill them cannot be stressed too 
much. Once you have capable desk chemists, they 
must follow the same route to success as laboratory 
chemists: they must give themselves wholeheartedly 
to the jobs. They must become proficient, learn ali there 
is to know about the job and the company products, 
processes, and interests. It means extra-working-hour 
thinking for which they are not paid overtime. When 
they do this their salary and advancement in the com- 
pany should equal those expending the same effort in 
the laboratory. It is fortunate that this is generally the 
case in the chemical industry. 

The opportunities for advancement are unlimited, for 
chemical companies are becoming increasingly conscious 
of the importance of these literature service jobs as an 
aid in research, patent work, and technical advertising. 

These professions offer opportunities for individual 
growth too. In doing them a person solidifies his 
knowledge of chemistry and learns more. They give 
opportunities to be of service—an outlet in which 
many persons, particularly women, find much satisfac- 
tion. They even offer an opportunity to teach, for 
the number of young college women who come, stay a 
year or two, marry, and leave always insures a steady 
stream of fresh students. 

The opportunities for independent action are great. 
Some of these jobs are new for many companies, and 
a person who makes good in one of them can usually 
map out his own program, direct his own work, discover 
jobs that need to be done, and thus make a place for 
himself. And there is room at the top for those who 
want administrative positions. Literature service is 
one of the few fields in the chemical industry where 
women may attain such positions. The barriers which 
prevent them from entering or advancing in sales and 
technical service work and plant operations are absent 
here. 

Thus, promising futures exist for those who have the 
proper qualifications and who are willing to exert them- 
selves to become experts in these fields and thus indis- 
pensible to their company. 
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The Library vs. the Laboratory 


as a Basis for Research 


BETTY JOY COLE 


American Cyanamid Company, Bound Brook, New Jersey 


OW can a library play a part in research? How 

can a collection of books and periodicals be of any 
assistance in putting into production some substance 
which, perhaps, has never been made before? Organi- 
zations with a well-established library and a research 
division which have been functioning over a period of 
years know full well the advantages of close cooperation 
between laboratory and library. Manufacturing com- 
panies are becoming more aware of the value of research 
and many companies, even those in business for a period 
of years, arenow realizing the need of having information 
readily available so that new industrial libraries, which a 
short time ago were frowned upon as unnecessary luxu- 
ries, are being organized today. 

The value of a company library should not be judged 
so much by the number of items it contains as by the 
information to be found and the pertinence of that in- 
formation to the company’s demands. A large collec- 
tion of material acquired with no thought of the organi- 
zation’s needs is of as little, or less, value than no li- 
brary. In building up a collection, the interests of the 

| company must always be the prime factor in making 
decisions of whether to buy or not to buy. The library 
must be ready and capable of expansion with the growth 
ofthe company. As new fields of interest are developed 
by the concern, material in those fields must appear on 
the library shelves. The library should not be re- 
stricted in its growth any more than a research division 
is held to certain limitations. The moment the library 
is curtailed in its buying powers, its freedom to forge 
ahead, it begins to lose its value. To keep pace with 
the company program, the library must be free to de- 
velop along the lines indicated by the new interests of 
the organization. Otherwise, there is merely a collec- 
tion which was good in its time but now only takes up 
space which could be better utilized. It is only through 
growth, flexibility, and relevancy of material that the 
library can take its rightful place in the organization 
and operate for the best interests of the company. 
Such a library, working with every division in the or- 
ganization, answering to the best of its ability every 
demand made of it, realizing its place in and relation 
to the work of the company, and functioning as an in- 
tegral part of the organization is an asset. We shall 
discuss here only one phase of library work, only one 
way of many, in which the library serves the interests 
of the company. 

' Presented before the Division of Chemical Education of the 


American Chemical Society, 107th meeting, Cleveland, Ohio, 
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When a research man—we shall assume this particu- 
lar one is a chemist—gets an idea for what he believes 
may be a new compound, he is not likely to take several 
bottles and start pouring a little of this and some of that 
into a beaker with the expectation of seeing the new prod- 
uct appear by magic in the desired form. The first signs 
of his idea, after it has passed the embryonic stage, 
appear on pieces of paper as strange formulas, plus 
signs, arrows, and lines linking atoms or groups of atoms 
together. The new substance thus having made its 
first appearance on paper, it is logical that more paper 
work should follow. At this point, the library definitely 
enters into the research program. 

Before taking the problem into the laboratory, it is 
important for the chemist to know whether the com- 
pound he hopes to produce has ever been prepared. 
If not that particular substance, perhaps something 
similar to it has been worked on. The only way in 
which this can be learned is by a search of the literature. 
Indexes to the literature—and there are none better 
than those of Chemical Abstracts—should be searched 
for all possible leads; books should be reviewed; cur- 
rent periodicals should be scanned; and patents should 
be studied not so much with the thought of determining 
the patentability of the new product as for finding out 
methods of preparation. The use of patents for finding 
out whether or not a compound is patentable was ably 
discussed by Mr. A. G. Connolly in his paper given at 
the September, 1943, meeting of this Division.? In a 
literature search patents are considered solely as a 
valuable source of information. They should .be 
studied thoroughly for disclosures of methods of prepa- 
ration, materials used, and products obtained which 
may not be found elsewhere in the field of chemical 
literature. The more material the library can furnish, 
the more thorough and complete the search will be. 
This does not mean that all the material wanted is in 
the company library but it does mean that the librarian 
should obtain for the chemist, if it is at all possible, 
whatever information is needed. By making a study 
of the literature, the research worker can avoid unnec- 
essary duplication of work; he can profit by mistakes 
previously made, and avoid pitfalls of which he may 
not have been aware. Reports of negative results can 
be as important as those of positive results in a search 
of this kind. Negative reports will show the chemist 
what he should not do, thus saving him valuable time 
when he starts to carry out his idea in the laboratory. 


* See J. CHEM. Epuc., 20, 531 (1943). 
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“But,” objects the man who would rather be in the 
laboratory, ‘‘I can’t sit in the library, I must be work- 
ing. All this reading is too time-consuming.’’ Granted, 
but so are hit-and-miss methods of working time-con- 
suming, and the cost of materials used in such methods 
can catapult into high figures. If he does read and 
profit by what he finds in the literature, the chemist 
is more likely to keep within the limits of the budget 
which has been set up for his work. 

In addition to finding out all he can about the com- 
pound and possible methods for preparing it, there are 
other aspects of the problem which the research man 
should consider. These constitute the economic side 
of the picture. Will the work be a piece of pure re- 
search resulting in a product that is merely a laboratory 
curiosity or will the work produce a compound which 
has commercial possibilities? If the former, the ob- 
taining, labeling, and storing of the product finishes 
the problem—at least until such time as someone else 
who has another idea comes along and takes up where 
the first worker stopped. 

We shall assume, however, that there is the possi- 
bility of commercial development and usage for the new 
product. This means additional library work, but 
from an entirely different viewpoint than the literature 
search which has been completed. What are the items 
to be considered now, and where are the answers to be 
found? First of all, what raw materials will be needed 
to manufacture the product? The chemist already 
knows the answer to that so we will go on to the next 
question which is, what do they cost? The library 
will have a number of trade papers which give current 
market quotations and from these the chemist can figure 
the cost of the required materials. In these days of 
priorities and Government limitations, it is important 
to know which materials are readily available, which 
hard to get, and which are unobtainable. It may well 
be that the chemist will have to find some substitutes 
for the materials he originally planned to use, either 
because of their unavailability or because their cost is 
too high to permit economical manufacture. He will 
want to utilize substances having properties similar to 
those of the compounds which were his first choice. 
Here again the literature will give the chemist the in- 
formation he needs. 

Having found such substitutes as he needs by making 
use of the facilities offered by the library, there is an- 
other point regarding the materials required that the 
chemist should consider. This concerns their toxic 
properties. If he does not know, he will probably find 
the answer in the books on industrial poisons which are 
in the library. Again the chemist may find need for 
further substitution because of the highly toxic prop- 
erties of a material he planned to use. This will require 
a further search for a compound to take the place of 
the toxic substance. Or he may find that by taking 
certain precautions in handling the material it can be 
rendered less harmful. What about the final product? 
Will it, under the conditions of its ultimate use, pro- 
duce toxic reactions in the consumer? Since it is a new 
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product the answer will not be found in the literature 
but by knowing the properties of the raw materials used, 
how they are changed during the reactions, which 
ones, such as solvents, are entirely removed from the 
finished product, the chemist should have some idea as 
to the toxic potentialities of the substance. There is 
no economy in manufacturing a product which will 
have to be withdrawn from the market almost as soon 
as it makes its appearance. 

It will be well for the chemist to know other produc. 
tion problems which may be involved. Will specially 
built equipment be needed? Are the materials to be 
used highly corrosive? Will certain of the substances or 
mixtures of them be inflammable? He should know 
the answers to these questions and others before the sub- 
stance goes into the plant for large-scale production. 
There will be enough unexpected quirks arising out of 
the manufacture to be dealt with later. This is a fur. 
ther reason why the research worker should make the 
fullest use of the library. The answers to such prob- 
lems as mentioned are to be found in current trade 
journals, in Government publications, in reference 
books, in books dealing with specialized subjects, and 
in the runs of bound periodicals which form a large 
part of the library’s collection. 
answers will be found will:depend partly upon the 
material the library has at hand, partly upon the speed 
with which information can be obtained from outside 
sources, and partly upon the understanding the libra- 
rian has of the problem. 

To conserve time, to be sure all angles are covered, 
to obtain the help of someone whose interest lies in 
putting before him all material which might have a 
bearing on the problem, the chemist should enlist the 
aid of the librarian. She is not laboratory trained nor 
laboratory minded; she does not talk; the chemist. 
need have no fear that she is going to exploit his idea 
The librarian, however, has a scientific background. 
She knows the terminology and phraseology of the 
scientific language. She can understand what the 
scientist says; he need not feel that his words are falling 
on deaf ears. For these reasons, he should not hesi- 
tate to discuss his problem with her. He is a specialist; 
he knows his field; he knows exactly what-he wants to 
do and how it can be done. The librarian, too, is 4 
specialist; her field is that of the technical literature; 
her knowledge will supplement that of the chemist. 
The more freely he discusses his problem with her, the 
better understanding she has of what he hopes to do, 
the greater the value of the help she will be able to 
give. In her work she is scanning constantly the lit- 
erature in whatever form it may be—company reports, 
pamphlets, patents, journals, or books—that comes to 
the library. Through this, she will be aware of work 
done in a different field which the chemist did not know 
existed that may prove of real value to the problem 
under consideration. She can make suggestions as 10 
where certain types of information may be found. 
She may be able to show him short cuts which will save 
him considerable time. If the librarian has been fore: 
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warned of the problem, she can have ready an anno- 
tated bibliography from which the chemist can select 
the articles most pertinent to his problem for thorough 
reading and those of less importance for a quick scan- 
ning. She can have ready for his use articles, patents, 
and other material that will serve as a starting point 
for the search which is to be made. She will know 
from what sources information that is needed but is 
not in the company library can be obtained. The 
librarian’s task is to supply information and she takes as 
much pride in doing her work well as the chemist does in 
seeing his problem carried through to its conclusion. 
If she knows nothing of the work in hand and is trying 
to furnish information on rather vague demand, she 
can only fumble and may put before the chemist more 
useless than useful material. Hit-and-miss methods 
have no more place in the library than they do in the 
laboratory. The more the librarian knows of the prob- 
lem, the better able she is to be of real assistance. 
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There should be, and, in organizations that have tried 
and know its value there is, close cooperation between 
the laboratory and the library. 

It is acknowledged that such searching consumes 
time. It may require anywhere from a few days to 
months depending upon how much pertinent material 
is found, how thoroughly the search is done, what new 
questions may arise in the course of the search, and 
whether the specialist does it entirely alone or calls on 
the library staff for aid. But if we balance the cost of 
the library search against trial and error methods, 
waste of expensive materials, accidents due to handling 
toxic substances, excessive manufacturing costs— 
some, or all, of which might have been avoided—the 
balance will generally be in favor of the library. Re- 
duced to dollars and cents with the totals balanced 
against each other even the least library-minded person 
must realize that the library is the logical place to start 
a piece of laboratory research work. 


Protection of the Results of Chemical Research 


C. B. HOLLABAUGH 


Hercules Powder Company, Wilmington, Delaware 


ESEARCH can be protected either by secrecy or by 

securing patents on its inventive concepts. Usu- 
ally it is either impractical or impossible to keep re- 
search in secrecy for any period of time. When the 
results are used on an industrial scale, extensive pre- 
cautions are necessary to insure secrecy. Even when 
such precautions are taken, there is always a possi- 
bility of leakage. More serious is the possibility of 
duplication by others resulting in adversely held patents 
which prevent the original worker from using his own 
results. 

On the other hand, patents protecting research can 
be used to prevent others from appropriating the re- 
sults without due compensation. They preserve de- 
velopments which are ahead of their time for future 
exploitation. They provide means by which research 
can be sold or licensed to others. Similarly, they are 
useful in maintaining a trading position to avoid in- 
fringement suits under patents owned by others. Fi- 


nally, they provide an effective bar to patents to others - 


which may interfere with manufacturing processes and 
products born of research. 

The current national emergency has particularly 
emphasized the value of protecting research by pat- 
ents. In this emergency it has been necessary for in- 
dustrial companies to pool their information to bring 
all units to the highest level of productive efficiency. 
Those companies which have followed the policy of 
protecting their research investment by patents have 
been in a position to freely “lend” their know-how to the 

1 Presented before the Division of Chemical Education of the 


American Chemical Society, 107th meeting, Cleveland, Ohio, 
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Government and to competing companies under roy- 
alty-free license agreements. Such loans can be re- 
covered after the emergency through the patent rights 
involved. 

Those companies which followed the policy of keep- 
ing their research secret are not in such a fortunate po- 
sition. They were faced with the hard alternative of 
withholding information which would assist the nation 
in its crisis or of furnishing the information with no real 
hope of recovery after the war. Invariably, the pa- 
triotism of the companies concerned has led them to 
furnish the information, and it is unfortunate that they 
must face a permanent loss. 

Many unfavorable statements have been made’ con- 
cerning patents in relation to the war effort, particularly 
from the standpoint of international cartels. Many of 
these statements entirely ignore the differences in the 
patent laws of the various countries concerned. More- 
over, the fact not emphasized is that our patent system 
has greatly facilitated the nation’s war effort by pro- 
viding a mechanism for companies to exchange informa- 
tion freely without entirely losing the research expen- 
diture involved. 

The protection secured through patents can be no 
better than the research on which they are based. Pat- 
ent structures based primarily on ‘‘educated guess- 
work”’ are by and large worthless and have brought our 
patent system under criticism. 

The principles of sound research are well recognized 
by the chemical profession. However, from the view- 
point of the patent attorney, a thorough knowledge of 
the prior art in patents as well as in the general litera- 
ture is to be particularly emphasized. Too many of 
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our younger chemists disregard patent disclosures and 
blandly proceed to waste money in rediscovering what 
has long since been disclosed in patents. It should be 
borne in mind that a far greater proportion of the re- 
sults of industrial research is being recorded in patents 
than in the general literature of the chemical profession. 

There is a common erroneous belief that the disclo- 
sures of patents are inaccurate as compared with articles 
on research. This should be dispelled. It is conceded 
that some patents are based solely on guess-work and 
others, notably some of those filed from abroad, are 
inaccurate or deliberately misleading. Such patents 
form a small minority. The primary purpose of the 
majority of patentees is to obtain a valid legal mo- 
nopoly on the invention disclosed. Factual accuracy 
and completeness of description are prerequisite to the 
validity of a patent. The great majority of U. S. 
patents are accurate presentations of technical fact and, 
therefore, are valuable disclosures. 

While sound research is basic to obtaining strong 
patent protection, equally important is sound chemi- 
cal patent work. The research chemist has a definite 
part to play in patent work. Weaknesses in chemical 
patent work are frequently due to a gap between the 
research chemist and his patent attorney. 

The research chemist’s part in assisting his attorney 
to secure patent protection extends from the concep- 
tion of the original idea tn the issuance of the patent. 
This can be emphasized by considering each point of 
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cooperation on the basis of the steps required to obtain 
a patent. These steps are shown in Figures 1, 2, and 3. 
The procedure shown in Figure i is that followed by 
the writer’s company in developing an application for 
filing in the U. S. Patent Office. This procedure varies 
with the organization concerned. The procedures 
shown in Figures 2 and 3 are fixed by the patent stat- 
utes. 

Figure | is unduly simplified in starting with a single 
inventive concept. In practice, a line of research can 
be characterized as a flowing stream of interrelated 
ideas. An important contribution of the chemist is to 
assist in the segregation of single inventive concepts 
from this interrelated maze. It is a job which the re- 
search chemist is in a position to carry out, because he 
is the most thoroughly familiar with the ideas which 
take their tangible form in experimental work. 

Chemists frequently have difficulty with the segrega- 
tion of patentable material because of the difficulty of 
defining the term “invention.’’ Our federal courts 
have yet to establish what constitutes invention and 
have evolved only a series of negative rules as to what is 
not invention. An example of such a rule is that no in- 
vention is involved in finding that a given chemical 
compound will undergo a certain reaction which is al- 
ready known for other members of the compound's 
homologous series. However, each of these rules has 
numerous exceptions. 

In practice, the working standard is whether or not 
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the Patent Office will grant a patent on the concept. 
The tests to be applied by the chemist are: (1) is the 
concept novel, and (2) does it result in an improvement? 









Jury, 1944 


If the answers to these questions are affirmative, the 
patent attorney should be consulted for appraisal. 

Certain patent attorneys advise foreshortening the 
procedure shown in Figure 1 under the slogan that 
“time is the essence of patent law”’ by jumping directly 
from the bare idea to the patent application. The 
writer cannot subscribe to this view, although he fully 
recognizes the importance of an early filing date. 
The filing of a complete description of an invention in 
a patent application constitutes a ‘‘constructive reduc- 
tion to practice’ in the eyes of the law. Its date is 
automatically established by the filing date of the ap- 
plication. The date of an actual reduction to practice 
is often difficult to prove. However, the advantage of 
an early filing date can be completely nullified by tech- 
nical errors in the disclosure. Technical errors can 
easily invalidate a patent. An early filing date is im- 
portant, but thorough laboratory development and well- 
kept notebooks are equally important. 

An invention does not come into existence until the 
idea is placed in tangible form and is tested in its in- 
tended use. Such tests sliould always precede the 
filing of a patent application. Further, the various 
alternative materials should be tested for equivalency 
to establish operable classes and exclude inoperable 
materials. Operable ranges of reaction conditions 
should be determined by experimentation. All bound- 
aries of the invention should be developed by re- 
search. 

Patent attorneys sometimes advise reliance on ‘‘edu- 
cated guess-work”’ to by-pass a major part of the experi- 
mental work on an invention, in order to rush an appli- 
cation into the Patent Office. To do so can lead to 
serious error. Educated guess-work should be used to 
guide, not to replace, experimental work. The chemist 
should guard against a very natural tendency to depend 
upon extensive reasoning by analogy, untested by ex- 
periment. 

Referring to Figure 1, it will be noted that the first 
step after the conception of an idea is to record it in a 
notebook. The recording of ideas is important to as- 
sist in proving the conception date of inventions. This 
is frequently neglected by chemists to their later cha- 
grin. Similarly, the data resulting from laboratory 
investigation are recorded in the notebook. The im- 
portance of the notebook record can hardly be over- 
emphasized. It is a key document in the legal protec- 
tion of the property developed by research expenditure. 
A properly kept notebook is an infallible ‘‘memory”’ 
for the research chemist. 

The keeping of legally sound records is a subject in 
itself. However, certain cardinal principles concerning 
notebook records can be emphasized here. In the first 
place, the records should be kept in ink in a permanently 
bound notebook. They should be kept in sufficiently 
complete form and so identified as to be self-explana- 
tory to any chemist familiar with the field. Few 
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people seem to realize the inaccuracy of memory or the 
rapidity with which details fade. 

Each page of a notebook record should be dated so 
that it is absolutely clear when the various entries were 
made. It should be signed by the individuals making 
the entries and the signature dated. Further, it should 
be kept in such a manner that no basis for suspicion as 
to later falsification can arise. 

Each page of the research chemist’s notebook should 
be read by another capable of understanding it and 
signed by that person with the date of his signature. 
Such a reading is important to furnish a date of first 
disclosure of the data to another, as well as to provide 
a witness to the existence of the record. Also important 
is the recording of the name of anyone who was actually 
present during the work which resulted in the recorded 
data. 

It is desirable to keep a separate notebook record for 
each problem on which the chemist is engaged, and it is 
essential that each page be restricted to a single prob- 
lem. Pages should not be skipped, and successive 
pages should bear successive dates. 

The record should fully identify the materials and 
each condition of reaction used. This admonition 
seems self-evident, yet few chemists fully live up to it. 
For example, if cellulose acetate is used as a material 
its identifying characteristics of viscosity and acetyl 
content should be recorded along with any special 
characteristics which the particular sample may have. 
If a temperature is recorded the exact location of the 
thermometer should be noted. . 

It is important to avoid a number of practices which 
may arise from thoughtlessness. Broad statements 
that experiments are unsuccessful should be avoided. 
Categorically negative symbols such as ““NG’’ for ‘““No 
Good” should be avoided. A letter ‘‘R’’ marked across 
a page to indicate that it has been ‘‘reported’’ can be 
twisted to mean “‘rejected.”’ Erasures and other modi- 
fications which might appear to have been made at a 
later.date should be avoided. Coined names and trade 
names for materials should not be used without clfemi- 
cal identification. 

The ‘Record of Invention’’ shown in Figure 1 is 
prepared by the chemist. It consists of a brief de- 
scription of the nub of the invention, with information 
as to the amount of data available to support a patent 
application. It should also include information as to 
proposed uses of the invention, dates of disclosures to 
others, and its relation to any other inventions with 
which the chemist may be familiar. It is also worth 
while to list at this point the closest prior literature or 
patent references. 

After a decision has been made to file a patent appli- 
cation on the basis of the ‘Record of Invention’ the 
chemist’s next job is to prepare a complete description 
of the invention, referred to as a ‘‘Disclosure of Inven- 
tion.”” At this point any remaining experimental 
work to establish the bounds of the invention should be 
completed to provide an accurate basis for the patent 
application. 
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In the ‘‘Disclosure of Invention” the chemist should 
give a complete discussion of the invention. It is im- 
portant to give at least two or three actual examples of 
the invention which have been tested in the laboratory. 
Also important is to list the broad class of the various 
alternate materials which may be used, with specific 
examples of each. The ‘Disclosure’ should carefully 
state the ranges of the various reaction conditions which 
may be used. The statements should be facts estab- 
lished by laboratory work, not drawn from the imagina- 
tion of the chemist. 
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The next important contribution of the chemist to 
his patent application is filling out a questionnaire on 
inventorship. This is done after a preliminary draft of 
the application is completed by the patent attorney, so 
that the questions may be answered in light of the exact 
scope of the application to be filed. It is important to 
obtain information concerning the development of the 
invention at this stage, because with the passage of time 
memory becomes hazy and records difficult to locate. 

The information recorded in the inventorship ques- 
tionnaire should be that essential in an interference 
proceeding to establish the exact circumstances sur- 
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rounding the conception and development of the inven- 
tion. This includes the dates of conception, disclosure 
to others, reduction to practice, and any subsequent 
development. The questionnaire should identify the 
notebook records, letters and reports concerning the 
invention, and any other documents which will estab- 
lish the dates involved, so that they may be located 
readily years later. 

The research chemist should not accept the attor- 
ney’s draft of his application as a legal document be- 
yond his understanding, but should analyze it critically 
to see that it is technically correct in every respect. 
In the writer’s organization, a preliminary draft of the 
application is prepared for the purpose of encouraging 
the research chemist to make suggestions and, if de- 
sired, to make corrections directly on the document it- 
self. This intermediate step removes the average in- 
dividual’s psychological inhibition against mutilating 
a pretty legal document. 

Figure 2 shows the steps which may be taken in the 
prosecution of an application. The heavily shaded 
line indicates the steps followed in the majority of appli- 
cations. The bulk of the work is ordinarily in the 
prosecution before the Examiner. 

The research chemist can support his attorney's 
work in a number of different ways. He can assist by 
pointing out differentiation between his invention and 
the prior patents and publications cited by the Exam- 
iner against the application. This information pro- 
vides a basis for the attorney’s arguments as to patent- 
ability. The Patent Office is primarily concerned with 
the technical differentiation from the cited ‘‘prior art” 
and the improvement made. 

The chemist can provide information from his note- 
book records for use in the preparation of affidavits to 
prove that his invention was made prior to the effective 
date of the cited references. Further, he can suggest 
and carry out experimental work to prove the advan- 
tages of his invention. The results of such work are 
usually submitted by affidavit. A good affidavit is 
worth many pages of verbal argument. 

The chemist should keep his attorney fully advised as 
to any semiplant or plant development of the invention 
made aiter the filing of the application. This enables 
the attorney to direct the claims of the application to 
the most important phases of the invention. 

Figure 3 shows the procedure followed in an inter- 
ference. The purpose of an interference is to allow 
the Patent Office to determine which of two applicants 
claiming the same invention is the first inventor and 1s 
entitled to the patent monopoly. 

The chemist has a definite part to play in this proce- 
dure. His notebook records and the information fur- 
nished in his inventorship questionnaire provide the 
basis for the ‘‘Preliminary Statement,’’ which sets up 
the earliest dates on which he may rely to prove inven- 
torship. Similarly, the notebook record and the inven- 
torship questionnaire may be used as the basis for affi- 
davits to establish the date of the invention on which 
the application is based. Such affidavits are frequently 
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required by the Patent Office before setting up an in- 
terference. 

The testimony of an interference is for the purpose of 
proving the statements made in the Preliminary State- 
ment. The inventor is usually the key witness. In 
giving his testimony the inventor answers a series of 
many questions propounded by his attorney to outline 
the story of the development of the invention. Others 
with whom the inventor has worked or discussed the 
invention are similarly questioned to corroborate the 


statements made by the inventor. Each of these wit- 
nesses may be cross-examined by the attorney of the 
opposing party. In both the direct and cross-examina- 
tion the inventor is usually questioned in great detail 
concerning his notebook records. It is in this phase of 
patent work that the value of a well-kept notebook is 
most apparent. 

Thus it will be seen that the research chemist has 
an important role to play in obtaining sound protection 
of the results of his research. 
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OVERNMENT publications—those documents is- 
sued by or for the use of federal agencies—have 
become specific and dynamic instruments in chemical 
research. The unique character of government re- 
search makes its results invaluable to the scientific 
worker. Its interest in the national service has re- 
sulted in many studies that might otherwise be shelved 
or, at best, indefinitely postponed (1). With public 
welfare as its chief concern, the Government can in- 
vestigate those problems in scientific fields in which the 
social or practical value is high but in which monetary 
returns are low. Moreover, it is in a position to mar- 
shall the forces of public and of private research into 
cooperative studies. Auchter’s remarks in connec- 
tion with research in agriculture in the present crisis 
may well be applied to the field of chemistry: ‘“The 
emphasis and the concentration of investigators on 
special problems as well as the wholehearted coopera- 
tion between State and Federal workers and those in 
other research and educational institutions have re- 
sulted in many contributions of decided value in the 
war” (2). The ideology behind government research 
and its ready access to all facilities of industrial and of 
academic investigation (3) render their result and their 
printed presentation invaluable as a source of informa- 
tion for the scientist. 

Government documents are the dominant means of 
communications between government research and all 
scientific workers. Yet it is true of all research fields, 
as well as of chemistry, which is the concern of this dis- 
cussion, that not all reports of interest are located in a 
single center. The multiplicity of function of many 
agencies, the creation of new units, and the alteration of 
old units to meet changing national needs, especially 
in wartime, cause a constant kaleidoscoping of old 
and of new type of issue. Any analysis is one of the 
moment with validity for neither the immediate past 
nor the immediate future (4). ‘The enormous quan- 
tity of United States government publications, the 
multitude of subjects and problems which they treat, 
the variation in their value, the inconsistencies in form, 
the haphazard confusing methods of their production 
and distribution make the attainment of (the knowledge 
of character and content) a somewhat difficult task”’ (5). 

While the diversity of activity of most government 
agencies is one cause for the lack of subject centraliza- 
tion of source of material, it is not the only factor. The 
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other dominant cause is the broadness of interest of the 
chemical field. Therefore, any attempt to cover a 
subject as broad as the title of this paper must be con- 
cerned with types of publications of direct interest and 
practical value to all chemical research werkers. It 
must delete much statistical information that indirectly 
affects the incipience of chemical research projects and 
the marketing of the results of these projects. It must 
concern itself with generalities. It can be neither ex- 
haustive nor complete but must act rather as an open- 
ing of the door to subject analyses. It is hoped that the 
list accompanying this paper will aid in the use of spe- 
cific publications. Detailed studies of agencies and of 
publications in specialized chemical branches are fer- 
tile fields for further studies. 

The present cursory analysis will be concerned with 
seven major types of government issue of interest to 
chemists: 


The indexes, lists, and general bibliographies. 
The statistical reports. 

The technical Lu'letins. 

The patent literature. 

The technical journals. 

Motion pictures. 

Special issues. 


The indexes, lists, and bibliographies are of two general 
types: 


1. Those pertaining to one bureau, department, agency, or 
subject. 

2. Those pertaining to selected or to all government publica- 
tions in general. 


Since they are usually issued at time intervals, they 
provide a continuous picture of the work. Subject 
arrangement or indexes of each issue are provided for a 
checking of references on specific subjects. 

Majority of the current lists of publications are avail- 
able from the issuing bureaus. [Illustrative of the 
bibliographies of wide usefulness are: 


‘1. The List of Selected United States Government Publications. 
2. The Price Lists issued by the Superintendent of Docu- 
ments. 
3. The Bibliography of Agriculture. 


The first two are free; the third is sold by the Super- 
intendent of Documents for $3.75 a year. The List of 
Selected United States Government Publications is issued 
semimonthly by the Superintendent of Documents. 
In broad subject arrangement it provides a guide to the 
most important issues in all fields. 

The Price Lists, issued by the Superintendent of 
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Documents, are arranged by subject. A _ separate 
pamphlet is issued for each field, such as health and 
standards of weights and measures. They contain a 
list of publications of interest to that field regardless of 
government source of issue. 

One of the outstanding lists of recent origin is the 
monthly Bibliography of Agriculture, issued by the 
United States Department of Agriculture Library. 
It includes not only works issued by all bureaus and 
experiment stations under the department’s adminis- 
tration but material received in the library from other 
sources. An excellent subject index makes it eminent 
as a source for literature on specific projects. The 
indexes, lists, and bibliographies are the guides to all 
types of publications on specific subjects. 

General statistical reports in the field of chemistry 
serve two functions: 

1. To give an over-all picture of availability, demand, and 


consumption of certain chemicals and chemical products. 
2. To give a general idea of the market for certain types of 


chemical products. 


War has accented both of those types of uses of special- 
ized statistics. Outstanding among recent publica- 
tions of this nature is the comprehensive Preliminary 
Report on United States Production, 1941, and Produc- 
tion, Consumption, and Stocks of Certain Synthetic Or- 

/ ganic Chemicals, 1942, and by Months, 1943. These 
data are compiled from reports submitted to the Chemi- 

‘cal Division, United States Tariff Commission, and the 
Chemicals Bureau, War Production Board. 

The excellent statistics furnished in the sections of 
the Census Report yield guides to the production and 
sales of various ‘chemical products. They present 
material not otherwise reported. It is hoped that 
gradually the statistics will be broken down, with the 
aid of scientific field specialists, so that they will fol- 
low the terminology and the use familiar to the profes- 
sional workers. This would increase their practical 
use, especially in the marketing aspect of chemistry. 

Specific technical bulletins form a large bulk of the 
publications of interest to research chemists. These 
bulletins are usually listed in a general list or index of 
the issuing bureau or in the general indexes. In them is 
contained the result of various research projects in 
both pure and applied fields. Usually they deal with 
one subject. One more unique type of technical bulle- 
tin is that issued by the National Bureau of Standards. 
This monthly issue, called the Technical News Bulletin, 
gives in brief review the kernel of the research com- 
pleted or in progress in.the Bureau. Such material is 
covered as the development and the testing of various 
substances, the investigation of chemicals, and the 
standardization of manufactured products. Included 
i the publication is a list of new and revised releases of 
the previous month, mimeographed material issued by 
the Bureau, and a list of recent articles by members of 
the Bureau’s staff published in outside journals. Tech- 
nical bulletins contain the scientific results of research. 
They are specific and detailed. 

An adequate analysis of the literature issued by the 
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federal government on patents, should include in its 
premise some mention of the excellent files and catalog 
systems used in the Patent Office in Washington and 
available to research workers. However, since the 
present discussion is limited to government documents, 
the only digressitory remark will be to reémphasize the 
fact that patents and patent indexes from all countries 
are available at the Patent Office in Washington. The 
Official Patent Gazette, published weekly, is an invalu- 
able source for patent specifications, including draw- 
ings, patentees, a subject list of patents, the results of 
patent litigation suits, and trademarks registered at the 
Patent Office. 

Yearly the Patent Office issues an index of the patents 
granted by the office during the year. This index is 
arranged by patentees and by the subject of the in- 
ventions so that they are useful for checking sources 
and as a definite contributing part to bibliographical 


’ research that precedes laboratory investigation. 


The patents held by the Alien Property Custodian 
now occupy an important place in research both from 
the standpoint of what has been done and from the 
angle cf the possibility of purchasing rights to the use 
of them. The volume listing these patents may be 
purchased from the Alien Property Custodian, Wash- 
ington, D. C. 

Mr. Arthur Connolly (6) in speaking before this group 
in September, 1943, emphasized the importance in time 
and in money value of a thorough search of patent 
literature as prerequisite to the initiation of a labora- 
tory research program. The publications of the United 
States Patent Office are the logical source for this type of 
study. 

In the chemical field the federal government is not a 
prolific publisher of periodicals. However, there are 
two journals that are worthy of note. The Research 
Journal of the National Bureau of Standards is a com- 
prehensive monthly compilation of technical reports 
on the variety of subjects covered in the work of the 
Bureau. The Journal of Agricultural Research is a 
scientific publication covering the many aspects’ of 
agriculture that have grown to touch many fields far 
beyond farm economy. Because of the frequency of 
publication and broadness of interest, these journals 
are timely and diversified in the presentation of research 
results. 

At the present time the number of motion pictures 
issued by the federal government and available to the 
public on topics pertaining to chemistry is negligible. 
However, a list of some sources where films can be pro- 
cured has been furnished both as an aid in securing 
pictures and as a method of calling attention to these 
media of scientific reporting. Many sciences which 
have part of their practice in chemistry have compre- 
hensive lists of motion pictures, privately produced, 
that are obtainable for professional instruction. Prob- 
ably when the war is over and the Government releases 
many films now held for private showing only, it will 
provide adequate catalogs. Then these pictures will 
find ready use in reporting research results. 





Special issues provide a means for the release and the 
distribution of material of special use or value. Usually 
these releases fit into no regular channels of report. 
The war has caused many such issues to be necessary. 
An important special type of issue is the Federal stock 
catalog which contains the standards required of various 
products for their use by the Government. Of prime 
interest to the chemical field in general is the one deal- 
ing with chemicals. Another special issue coming from 
a war agency is the Allocation of Chemicals which WPB 
issues. All types of government publications, of which 
those mentioned are merely illustrative, are part of a 
provision for the common good by facilitating the 
diffusion of the results of scientific search for those who 
can use them. 

It is important that sources of publication of govern- 
ment documents be checked for new issues, that de- 
veloping such fields as cooperation with South Ameri- 
can research be watched, so that the use of the releases 
of federal agencies shall remain dynamic. 

It is not the purpose of this report to analyze strengths 
and weaknesses of the methods of publication or of 
distribution of government documents. The unfor- 
tunate fact that much government research cannot ob- 
tain the immediate publication that its importance de- 
mands, because of lack of funds, is generally recog- 
nized. However, this condition is in some manner al- 
leviated by the fine help given to research workers by 
individual members of the bureau. A majority of 
them are willing to supply any information that they 
can, and frequently they refer a request to another 
worker who is in a position to provide additional data. 
For instance, it is often possible to copy, from the typed 
copies of reports in the offices of an agency, material 
that has not found its way into print. The Army Medi- 
cal Library is most generous in providing copies of 
bibliographies on specific subjects taken from its run- 
ning file for the Index-Catalogue (7). The people be- 
hind the work of the documents and the people who 
supplement the contents of the documents give the 
use of the printed word practical substance. 

The statement was made in speaking of the lack of 
sufficient funds to issue promptly the results of govern- 
ment research: ‘Government research fails to achieve 
its purpose insofar as findings are unavailable to those 
who may be interested in them” (8). 

Much has been written on the procurement, proces- 
sing, and use of government documents by librarians, 
but not yet have they become familiar ground to the 
specialized research worker. A practical study with 
results, dynamically interpreted, would yield rich 
dividends in giving greater substance to a rich field of 
scientific investigation. 

In 1894 the statement was made by John G. Ames in 
a special report submitted to the Secretary of the In- 
terior: 

“It is not too much to say that no series of publications of 
greater intrinsic value issue from any publishing house than from 


the Government Printing Office of the United States. Hundreds 
of thousands of dollars are expended every year and hundreds of 
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experts in their several departments are constantly employed in 
prosecuting scientific research in many directions, in explora. 
tions . . . in experiments conducted after the most approved mod. 
ern methods, all having practical ends in view and designed ty 
promote general and social welfare, and it cannot be otherwise 
than that the results of these researches, as detailed in the reports 
of such competent investigators, possess a value much beyond 
that usually assigned to public documents.’’ 


Time has deepened and broadened the truth of this 
statement. Scientific progress moves forward upon 
the work of many people, in many places. It is the 
steady progress, based on the exchange of knowledge 
developed in many fields, that is responsible for such 
rapid action in developing new techniques and prod. 
ucts in huge quantities as the war demanded (9), 
The contribution of each is part of the attainments oj 
the whole. As government publications pertaining to 
chemistry are expanded in their usefulness, we are a 
little closer to the marshalling of private and of public 
research resources for the greater good of man. 


SELECTED GOVERNMENT PUBLICATIONS OF USE TO THE 
RESEARCH CHEMIST 


This list is neither exhaustive nor bibliographically 
complete. Since it is intended as a guide to the pub- 
lications of various United States government agencies, 
the emphasis is on indexes, general bibliographies, and 
lists rather than on specific issues. For the list, gov- 
ernment documents have been interpreted as material 
printed and processed at public expense and issued by 
federal agencies. In the interest of economy, only the 
title, date, and number of publications are given. Fur- 
ther information can be obtained from the issuing 
bureau. The exceptions to this are the publications 
under general indexes and checklists which are supplied 
through the Superintendent of Documents and the 
indexes, lists, and periodicals-general of the Depart- 
ment of Agriculture, which are supplied through the 
Office of Information of that department. Only those 
publications have been included which are either being 
issued at the present time, are of continuing value to 
chemical research workers, or fit both criteria. Bu- 
reaus are listed under their present classification, with 
indications of previous titles or affiliations when neces- 
sary. 


GENERAL INDEXES AND CHECKLISTS 


Government Issues: 

1. 1774-1881. Poorr, BENJAMIN PeRLEy: A descriptive 
catalog of the government publications of United States, 
Sept. 5, 1774, to March 4, 1881. 1885. 

1881-93. AMES, JOHN GRIFFITH: A comprehensive 
index to the publications of the United States government, 
1881-93; 2nd ed., 1905. 

1789-1909. Checklist of United States Public Documents. 
3rd ed., 1911. 

1893-date. Catalog of the public documents of the 
Congress and all departments of the Government of the 
United States for the period from March 4, 1893, to...-: 
Prepared under the supervision of the Superintendent of 
Documents. 1896 (Document Catalog). 

1895-date. United States government publications: 4 
monthly catalog. 
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6. 1928-date. Weekly list of selected United States govern- 
ment publications. 
7. 1910-date. Monthly checklist of state publications. 


Division of Documents, Library of Congress. 

8. 1898-date. Price lists of government publications. 
Lists of value to chemists: #19, Army and Militia; #36, 
government periodicals; #38, animal industry; #46, agri- 
cultural chemistry and soils and fertilizers; #51, health; 
#58, mines; #62, commerce and manufacturers; #70, 
census; #75, Federal specifications. 

Private Publications—Indexes: 

Agricultural Index. 

Bibliographic Index. 

Engineering Index. 

Industrial Arts Index. 


UNITED STATES DEPARTMENT OF AGRICULTURE 


Indexes—General: 

Index to annual reports of the United States Department 
of Agriculture for years 1837-93, inclusive ... 1896. Division 
of Publications, Bull. I. 

Index to Yearbook of United States Department of Agricul- 
ture. 1894-1915, prepared by C. H. Greathouse. 1902-22 
(in four separate volumes). 

Index to Farmers’ Bulletins 1-1000, prepared by C. H. Great- 


house. 1920. Same, 1001-1500, compiled by Mable G. Hunt, 
1929. 
Index to technical bulletins, 1-500. 19387. 501-750. 
1941. 


Index to authors with titles of their publications appearing 
in the documents of the United States Department of Agri- 
culture, 1841-97 . . . 1898. Division of Publications Bulletin 
#4. : 

Index to publications of the Department of Agriculture, 


1901-25. 1932. 
Same 1926-30. 1935. 
1931-35. 1937. 


1936-40, _ 1943. 
Index to Department of Agriculture Bulletins, 
1936. 
Index to Farmers’ Bulletins, #1—1000. 


#1-1500. 


1920. #1001-—1500. 


1929. #1501-1750. 1941. #1001-1500. 1942 (reprint plus 
appendix). #1501-1750. 1941. 
Lists—General: 
List of titles of publications of the United States Department 
of Agriculture from 1840 to June, 1902. 1902. 
Same Jan., 1901, to Dec., 1925. 1927 M.P. 9. 
Jan., 1926, to Dec., 1930. 1932 M.P. 153. 
Jan., 1931, to Dec., 1935. M.P. 252. 


List of publications of the United States Department of Agri- 
culture from Jan., 1926, to Dec., 1930, inclusive. 
Same Jan., 1936, to Dec., 1940, inclusive. 
Numerical list of current publications of the United States 
Department of Agriculture. 
List of available Farmers’ bulletins and leaflets of the Depart- 
ment of Agriculture. Monthly. 
United States Department of Agriculture monthly list of pub- 
lications . . . 1909-date. 
List of available publications of the United States Depart- 
ment of Agriculture. 1929—(latest issue Jan. 2, 1942) M.P. 
60. 
Periodicals—General: 
Journal of Agricultural Research. 
Selected Publications: 
Yearbooks. 1894-1942 (ceased publication 
time). 
a. Bureau of Agricultural Chemistry and Engineering: 
1862 Division of Chemistry. 
1894 Division of Soils. 
1901 Bureau of Chemistry. 
1901 Bureau of Soils. 
1927 Two became Bureau of Chemistry and Soils. 


during war- 
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1940 Bureau of Agricultural Chemistry and Engineering. 
Agricultural Chemistry and Engineering Bureau. Report of 
Chief . . . 1939-date. 

Indexes: 

Index of publications of Bureau of Chemistry and Soils, 

originally Bureau of Chemistry and Bureau of Soils, 75 

years; 1862-1937: v.1. List of titles and authors, pre- 

pared by H. P. Holmanand others. 1939. 

Publications of the Bureau of Chemistry, 1862 to 1924 

(April 1). 

Lists: 

Agricultural Department Library. List of publications 

on soils issued by the United States Department of Agri- 

culture, 1844-1926. Bibliographical Contributions 14, 

1927. 

Agricultural Chemistry and Soils and Fertilizers. Price 

List #46. Supt. of Documents list of mimeographed ar- 

ticles. n.d. 

Articles by members of the staff of the Bureau of Chemis- 

try and Soils in outside publications. Oct., 1927, to April, 

1931. 

Bulletins, circulars, and other publications of the Bureau 

of Chemistry and Soils. Issued in the Department of 

Agriculture series. n.d. 

Department Publications Issued by Chemical and Tech- 

nological Research, Bureau of Chemistry and Soils and by 

the former Bureau of Chemistry from 1913 to 1933. 

Now changed to Bureau of Agricultural Chemistry and 

Engineering. 

Mimeographed articles—a list. 

Chemistry and Engineering. n.d. 

List of Publications and Patents of Bureau of Agricultural 

Chemistry and Engineering, Agricultural Research Ad- 

ministration, issued during fiscal year ended June 30, 1942. 
Special Publications: 

Description of regional research laboratories. 

b. Agricultural Economics Bureau: 
Agricultural economics reports and publications .. . 
Dec., 1939. 
Printed publications issued by the Bureau of Agricul- 
tural Economics, July, 1922, to June, 1939. Aug., 
1939. 

c. Bureau of Animal Industry: 
Index to literature relating to animal industry in publi- 
cations of the Department . . . 1837-98. G. F. Thomp- 
son. 1900. Agricultural Department Division of Pub- 
lications Bulletin #5, Price List #38. Supt. of Docu- 
ments. 

d. Bureau of Dairy Industry: 3 

Lists: 

Publications relating to dairy industry; rev. to Nov., 

1939. Semiannual. Price List #68. Supt. of Docu- 

ments. 

e. Bureau of Entomology and Plant Quarantine, Division of 

Insecticide Investigations: 

Lists and Indexes: 

Publications of Division of Insecticide Investigations. 

March 31, 1937, June, 1938-date. 

Index to bulletins, #1-30, n.s. 1896-1901-02. Ento- 

mology Bulletin #36, n.s. Agricultural Department Library. 

Checklist of publications on entomology issued by the 

Department of Agriculture through 1927 with subject 


Bureau of Agricultural 


1940. 


index . . . Jan., 1980. (Bibliographical Contributions 
20.) 
Price List #41. Supt. of Documents. 

Periodicals: 


Bureau of Entomology and Plant Quarantine news letter. 
v. 1, Aug., 1934—date. 

Entomology, current literature, selected references . . . 
1932-date. 

Extension Entomologist, 1936—date. 

Insect pest survey bulletin, 1921-date. 

Review of United States patents relating to pest control. 
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Monthly. Proc. 
Service and regulatory announcements. 
Quarterly with annual indexes. 

Reports: 
The work of the Division of Insecticide Investigations, 
1927-39. R.C. Roark. 

Selected Publications: 
Some new or little-used insecticides worthy of further 


1914—date. 


testing. Part I. Copper-Arsenic Compounds. R. C. 
Roark. 
f. Office of Experiment Stations: 
Report on agricultural experiment stations. 1888-date. 


Lists and Indexes: 
List of bulletins of the agricultural experiment stations 
from their establishment to the end of 1920. (Agricul- 
tural Department Bulletin #1199.) Continued by Supple- 
ment to Bulletin 1199, no. 1-3, 1921-27, and by a biennial 
index for the years 1927 to 1938 by Catherine E. Penning- 
ton. Issued as Agricultural Department Miscellaneous 
Publications 65, 128, 181, 232, 294, 362. 
List of station publications received by Office of Experi- 
ment Stations during .. . 1903 to date. Monthly. 
Price List #68. Supt. of Documents. 
List of station publications, Nov., 1903. 
Checklist of state agricultural experiment station publica- 
tions received in the library of the United States Office of 
Experiment Stations. 
Periodicals: 
Experiment Station Record. 
General index to Experiment Station Record. 
g. Forest Service. Forest Products Laboratory: 
Lists and Indexes: 
List of publications on chemistry of wood and derived 
products, March, 1942. 
Reports: 
Forest Products Laboratory. Research in forest products, 
annual report . . . 1922—date. 
Selected Publications: 
Methods used at Forest Products Laboratory for chemical 
analysis of pulps and pulp woods . . . Rev. Sept., 1939. 
Short bibliographies issued by the Forest Products Lab. 
h. Office of Information: 
Lists: 
Monthly list of publications, 1896. 
4. Library: 
Report of the librarian, 1908-date. 
Agricultural library notes. Jan., 1926-42. 
Bibliography of Agriculture, July, 1942-date. 
j. Bureau of Plant Industry: 
Report of the Chief, 1901—date. 
Indexes: 
Contents of and index to bulletins . 
Plant Industry Bulletin #101. 


1889-1937. 


.. #1-100 . . . 1907. 


UNITED STATES DEPARTMENT OF COMMERCE 


Annual report of the Secretary. 1914-date. 
Indexes and Lists: 
List of publications of the Department of Commerce available 
for distribution by the issuing offices of the Department and 
its field agencies or from the Superintendent of Documents. 
Annual. 
a. Bureau of Census: 
Indexes and Lists: 
Census publications: statistics of population, agriculture, 
manufactures, retail and wholesale distribution, occupa- 
tions, and religious bodies, March, 1948. 22nd ed. 
Census Bureau publications. Jan. 1, 1944. 
Selected Publications: 
16th Census of United States, 1940. 
Miscellaneous chemical products: industries. 
Rayon and allied products: industrial chemicals. 
Chemicals and allied products: description of indus- 
tries. 
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b. Bureau of Foreign and Domestic Commerce: 
Annual report of the Director, 1913-date. 

Indexes and Lists: 

Chemicals and allied products. (Basic Information Series.) 
List of selected publications. Corrected to July 1, 1942. 

Selected Publications: 

Basic industrial markets’ of the United States, no. 1-4. 

1936-37. Market Research Ser. 14. 

Industrial market data handbook of the United States 

...- 1939. Domestic Commerce Series 107. 

Market research sources; a guide to information on domes- 

tic marketing . . . 1940. Domestic Commerce Series 110. 

Synthetic organic chemicals: world developments and 

foreign markets. 1938. Trade Promotion Series. 

Business Information Service. Includes bibliographies, 

formulas, and recipes for various chemical fields. 

c. National Bureau of Standards: 

Annual report of the Director. 

Indexes and Lists: 
List of commercial standards series . . . rev. semiannually. 
Publications of the Bureau of Standards, complete from 
the establishment of the Bureau, 1901, to June 30, 1925. 
Three supplements bring it to Dec. 31, 1939. 

Periodicals: 
Journal of Research, 1927-date. 
Technical News Bulletin, 1925-date. 

Selected Publications: 
Standard samples. 
April 14, 1932. 
Standard samples issued or in preparation by the National 
Bureau of Standards. Supp. to National Bureau of Stand- 
ards, Cir. C398, Oct. 28, 1942. 

Directory of commercial testing and college research 
laboratories. Miscellaneous Publication M171. Feb. 2, 
1942. 

d. Patent Office: 

Indexes: 

Subject matter index of patents for inventions issued .. . 
1790-1873. 

Subject matter index of patents for inventions granted in 
France, 1791-96; also in Italy 1848-86. 

Annual Index, 1920-date. Annual. 

Census Bulletin 210. United States patents prior to 
1902. 

Annual report of Commissioner of Patents, 1837-date. 

Periodicals: 

Official Gazette, 1872-date. 

Selected Publications: 

Manual of classification of patents, rev. to Jan., 1929. 
The registration of trademarks with the rules of the Patent 
Office relating thereto. United States Statutes. Dec. |, 
1943. 


1903-date. 


General Information Circular 398, 


FEDERAL SECURITY AGENCY 


a. Food and Drug Administration: 
Formerly a division of the Department of Agriculture. 
Report of Chief, 1928-date. 
Indexes: 
Indexes to notices of judgment. 
Selected Publications: 
Notices of judgment. 
Service and regulatory announcements. 
b. Public Health Service: 
Annual report of the Surgeon-General . . . 1871—72-date. 
Lists and Indexes: 
List of Bulletins of Hygienic Laboratory and of National 
Institute of Health, April, 1943. 
Public Health Service publications, a list of publications 
issued during the period January to June, July to Decem- 
ber .. . 1913—date. 
Periodicals: 


Public Health Reports. 1878-date. 
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Selected Publications: 
Bulletins. National Institute of Health. 
Public Health Bulletins. 1910-date. 
Public Health Reports—reprints. 1913-date. 
Public Health Reports—supplements. 1913-date. 

c. Federal Works Agency—Works Projects Administration: 
Bibliography of Research Projects Reports, June 30, 
19438, 48 (obtainable from Library of Congress). 

Index of Research Projects, v. 1—March 1, 1938. 
v. 2—Jan. 1, 1939. 
v. 3—May 1, 1939. 


1930-—date. 


UNITED STATES DEPARTMENT OF THE INTERIOR 


a. Bureau of Mines: 
Annual report of the Director, 1911-date. 
Lists, Indexes, and Bibliographies: 
List of publications of the Bureau of Mines, July 1, 1910 
to June, 1937, with subject and author index. 1939. Sup- 
plemented by annual list with subject and author index 
and a monthly list of new publications. 
Selected Publications: 
Minerals Yearbook. 1932-date. 
Information circulars 46000—1925-date. 
Reports of investigations 42003—1919-—date. 
Bibliographies—various subjects. 
The data of geochemistry. Bulletin 770, 5th ed., 1924. 
b. National Advisory Committee for Aeronautics: : 
List of reports with prices. Dec., 1939. 


DEPARTMENT OF STATE 


Lists and Indexes: 
Publications of the Department of State; 
from Oct. 1, 1929. Jan. 1, 1944. 

Selected Publications: 
Sixth International Congress of military medicine and phar- 
macy and meetings of permanent committee, The Hague, 
Netherlands, June, 1931: Report of Commander William 
Seaman Bainbridge, M.C.F., U.S.N.R., for delegation from 
U. S. Publications 413, 1933. 
Proceedings of the Eighth American Scientific Congress, 
May 10-18, 1940. 1941. 


a list cumulative 


SUPERINTENDENT OF DOCUMENTS 


List of selected United States government publications. Semi- 
monthly. Free. 
Price Lists. Free. 
Census Publications. #70. 
Agricultural chemistry and soils and fertilizers. 
Standards of weight and measure. #64. 
Yearly index to the Catalog of United States Public Docu- 


ments. 


#46. 


TREASURY DEPARTMENT 


a. Procurement Division: 
Federal standard stock catalog. 1922-date. 
Sec. I.—General index of federal property, rev. to 1935. 
Sec. II.—class for storage and issue. 
Sec. III.—groups for procurements. 
Sec. IV.—federal specifications. 


WAR DEPARTMENT 


Technical manuals; as methods for pharmacy technicians. 
a. Office of Chief of Chemical Warfare Service, Washington, 
D:C.: 


Lists and Indexes: 
Bibliography on publications on chemical warfare. 
cember 8, 1941. 
Selected Publications: 
Chemical warfare and the chemical warfare service. 
Oct., 1942. 
For the duration of the war the following publications 


De- 
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are not available to the public: field manuals, technical 
manuals, training films, film strip. 
b. Office of Quartermaster-General: 
Technical abstracts; prepared by Research and develop- 
ment branch, Military Planning Division. 
Each issue has section on Foreign Abstracts, which has 
a section on ‘“‘Chemicals, Drugs, Etc.”’ 
c. Medical Department: 
Indexes: 
Index-Catalog of the Library of the Surgeon-General’s 


Office. United States Army. 4 series, 1880-95; 1896- 
1916; 1917-32: 1936-. 
Periodicals: 


Bulletin United States Army Medical Department, 1943— 

issued previously in separate sections on medicine, den- 

tistry, and veterinary medicine. 

United States Naval Medical Bulletin. 
Selected Publications: 

Penicillin. Circular Letter Office, Office of Surgeon- 

General—#125, 1943. 

Materials & Process Specifications, United States Army, as 

used by the Air Corps. (Similar specifications for the 

Navy are available from the United States Naval Depart- 

ment.) 


1907. 


INDEPENDENT ESTABLISHMENTS 


The publications listed are those printed at govern- 
ment expense. Issues and issuing agencies that oper- 
ate under other arrangements have been omitted. 


a. Alien Property Custodian: 
Catalog of Vested Patents. 
b. Library of Congress: 
Publications issued by the library since 1897. Ed. of 
May, 1935. 
The Library of Congress in relation to research. 
Division of Bibliography. 
Processed specialized bibliographies. 
Card Division. 
Proof Sheets. 
Catalog Division. 
List of American doctoral dissertations printed .. . 
1912-date. Annual. 
c. Smithsonian Institute: 
Classified list of Smithsonian publications available for 
distribution, Oct. 1, 1948. Publ. 3736. 
List of publications of the Smithsonian Institution, 
1846-1903. Publ. 1376, Mis. Col. v. 44. 
d. United States Tariff Commission: . 
Indexes and Lists: 
Subject index of Tariff Commission publications, 1917-39. 
In 4 revisions. 
Publications of the Tariff Commission, Dec., 1939. A 
cumulative supplement brings the list up to March, 1943. 
Reports: 
Preliminary report on United States production, 1941, and 
production, consumption, and stocks of certain synthetic 
organic chemicals, 1942, and by months, 1943. Facts for 
Industry 6-2-1. (WPB Chemicals Bureau.) 
Production and sale of synthetic organic chemicals in 
1940. Latest printeded. Processed 1942. 
Schedule used in preparing annual report on production 
and sales of organic chemicals, 1943. 
e. War Production Board: 
Allocation orders of the Chemicals Bureau on distribu- 
tion of chemicals for civilian use. Monthly. 


1939. 


MOTION PICTURE LISTS 


Motion pictures (available for general distribution by the 
Department of the Interior). Rev. Feb. 16, 1942. 
Motion Picture films of the Bureau of Mines, January, 1940. 
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Directory of United States government films. Rev. Dec., 1941. 
Federal Security Agency, United States Office of Education. 
Motion Pictures of the United States Department of Agricul- 
ture,1941. Mis. Publ.451. Supp. Aug. 1, 1943. 

Film Strips, United States Department of Agriculture, 1941-2. 
Mis. Publ. 458. 

Motion Pictures of the United States Public Health Service. 
n.d. 


METHODS OF OBTAINING GOVERNMENT PUBLICATIONS 


1. Purchase from the Superintendent of Documents. 
2. Purchase direct from issuing bureau. 

3. Application to issuing bureau for free distribution. 
4. Application to Congressman for free distribution. 


METHODS OF PAYING FOR FEDERAL DOCUMENTS 


1. Send check, postal money order, express order, N. Y. draft, 
or currency (at sender’s risk) in advance, payable to 
Supt. of Documents. 

2. Enclose coupons purchased at 20 for $1.00 from Supt. of 
Documents. 

3. Use deposit system ($5.00 or more). 

4. Order publication C.O.D. 
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tributed to over 100 colleges and universities. 


TOPIC AND COMPREHENSIVE EXAMINATIONS IN ORGANIC CHEMISTRY 


During the past year over 45,000 copies of cooperative objective tests in organic chemistry were dis- 
The 1944-45 series of topic examinations will be avail- 


able on or soon after the first of August, which will permit their use for the coming school year. 
This series consists of 27 topic examinations, of one page each, which are adapted to machine 


grading. 
these examinations. 


The items are numbered consecutively so that the same answer sheet may be used for 15 of 
If machine grading is not available, these tests may be graded manually in much 


less time than is normally required for the essay type of test. 
These tests represent an improvement over the 1943-44 series, the committee believes, with respect to 


both content and organization of material. 


but the instructor may select only such items as he wishes to emphasize. 
time required for the test by deletion of certain items. 
If an instructor wishes to give a 10-minute quiz, he may 


should be allowed for each item on these tests. 
select only 10 of the 20 items. 


Each test consists of 20 items of the multiple-choice type, 


He may, moreover, shorten the 
Experience has indicated that at least one minute 


The complete sets are available to instructors of organic chemistry, industrial chemists, or graduate 
students at a nominal price of 60 cents for the first set and 20 cents for each additional set (plus postage) 


Uf orders are received on or before August 1, 1944. 
cents extra for special handling. 


Orders received later than this will be billed at 25 
All orders will be shipped on or soon after the first of August, 1944. 


Orders for less than two dollars should be accompanied by cash. 
Extra copies of the four previous series are available also at 60 cents for the first set and 20 cents for 


each additional set. 
tests of the subjective type in each series. 


These are the 1940-41, 1941-42, 1942-43, and 1943-44 series, with 27 separate 


Orders may be placed with the chairman of the Committee, Ed. F. Degering, Department of Chemis- 


try, Purdue University, Lafayette, Indiana. 


Comprehensive objective tests in organic chemistry, prepared by the same group, are available from 
the Cooperative Test Service, 15 Amsterdam Avenue, New York City. The latest addition to the series, 


Form U, has just come from the press. 


down into two main divisions (Semester I and Semester I). 
into sections on general information, application of principles, and problems. 


It contains 100 multiple-choice questions, which are broken 


Each of these main divisions is subdivided 
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Finding the Literature 


BYRON A. SOULE 
University of Michigan, Ann Arbor, Michigan 


CIENTIFIC knowledge consists of two parts, the 
published information or literature and the un- 
published experience or technique. College students 
spend long hours on practice experiments learning to 


| follow directions intelligently, to master methods and, 
' above all, to become systematic. 


At the same time 
they encounter a few textbooks and laboratory man- 
uals selected to meet their immediate needs. Occa- 
sionally they go to the library to read chapters in 
marked books placed on a special shelf by a thoughtful 
instructor. 

Of course students do seek some information on their 
They locate the perfectly obvious im- 
mediately, but for anything beyond the obvious they 
quickly learn that the library instructions of high- 
school days are inadequate. After glancing around 
for a short time they give up and conclude that nothing 
has been published on the topic of immediate interest 
or, what is worse, they may locate incorrect data and 
upon discovering the fact, decide that libraries are 
places in which to loaf and store useless books. This 
decision is unfortunate because it ultimately leads to 
the waste of time, energy, and chemicals through need- 
less repetition of work already well done and described 
in some book or journal. 

Neither the laboratory nor the library should be 
neglected. They form complementary parts of the 
approach to any research goal. Fundamentally the 
methods used in each are alike in many respects, but in 
spite of the oft-repeated statements by educators there 
appears to be very little if any transfer of laboratory 
skill to the library. Experiments are carefully planned 
down to the last detail and executed with strict atten- 
tion to every factor. Difficult library searches, how- 
ever, are attempted without training or system, with- 
out any appreciation of the fact that as much time and 
thought may be necessary for good library work as for 
a chemical analysis of equal complexity. 

When the laboratory worker hangs up his coat to go 
to the library, for some unknown reason he also puts 
aside his skill in systematic procedure. He ignores the 
relationship between the search for a sentence and the 
detection of anion. He uses the identical hit-and-miss 
methods emphatically condemned in the laboratory. 
He wastes time, blames the library, and turns to find 
the answer to his problem in flask and beaker, thinking 
perhaps that at least he is on his feet doing something, 
not just resting in a chair. 

Possibly a trace of egotism also prompts his retreat to 


‘ Presented before the Division of Chemical Education of the 
Paige Chemical Society, 107th meeting, Cleveland, Ohio, 
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the laboratory. When a searcher discovers a procedure 
in the library, he must thank someone else for the as- 
sistance. If he works it out himself, confidence in his 
own ability is increased. The pioneer spirit prevails 
in spite of the fact that an equal expenditure of well- 
directed energy in the library may yield better results. 

Unfamiliarity with bibliographical tools and tech- 
niques is also an important factor in the laboratorian’s 
defeat when he attempts to wrest secrets from books. 
Each year the increase in chemical literature is at least 
50,000 pages. Without an intimate knowledge of 
searching aids or the skill to use them efficiently, the 
task of locating obscure data is too much for anyone 
who must spend his best hours in the laboratory. He 
should gladly pass the work on to a specialist exactly as 
he does when intricate electrical devices and compli- 
cated glass apparatus are required. His triumph 
comes in the use of these adjuncts, not in their construc- 
tion. 

To whom shall he turn for library aid? The obvious 
person is the trained librarian. Unfortunately, as 
now released from our schools of library science, she is 
not personally acquainted with laboratory operations. 
The language of the sciences is unfamiliar to her so the 
technical association of ideas and subjects is impossible. 
When asked for a particular volume she can promptly 
find it, but in general her training is confined to book 
buying and guardianship. Her responsibility ends at 
the cover. One should not expect more in this age of 
narrower and narrower specialization. 

The library technologist is the logical person to as- 
sume the responsibility for these special searches. He 
has had sound training in laboratory science, the’ fun- 
damentals of bibliography both general and special, and 
preferably some experience in the economics of the in- 
dustrial world. This person knows the language of 
chemistry. He can handle the library part of an in- 
vestigation exactly as the laboratorian deals with the 
manipulative part. He will furnish sensible ideas de- 
rived from the literature rather than from the test tube. 
He must be recognized as a collaborator, not as a clerk 
or lackey. Research directors long ago realized that 
the best way to conduct an investigation is to divide it 
into parts and assign each unit to a capable person. 
They also found that research work is expensive and 
talent must be appreciated. These facts are as true in 
the library as in the laboratory. A library expert is 
worthy of his position. 

The methods of the library technologist are as diffi- 
cult to enumerate as are those of the chemist. The 
latter deals with the transformations of matter. He 
believes firmly in the constancy of Nature and sound- 
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ness of the scientific method. A library technologist 
is concerned with the location of useful data and ap- 
praisal of their validity. He examines the records of 
human thought and observation based on experiments 
performed and reported by people who vary widely in 
their manipulative skill, interpretive powers, and ability 
to write. In other words, the problems of the library 
expert are created for him by the scientist and his ac- 
tivities as an author. To the extent that these differ 
so also must the methods of the searcher vary. 

The procedure in any case involves a plan based on 
the following points: 


1. Exactly what is wanted? 

No search should be started without a clear answer to 
this question. 

Why wanted? 
The search is definitely oriented when one knows the 
purpose for which the information is to be used. 

What to seek? 
Specific search words or headings appropriate to each 
language. These words should be selected with due re- 
gard to synonyms, antonyms, relevancy, word order, 
spelling, etc. 

Where to look? 
Choice of library, type of literature (book, journal, 
patent, pamphlet), and period to be covered. Always 
classify places: likely, possible, improbable. 

How to search? 
The knack of saving time involves a systematic and effi- 
cient use of guides to the sources. 

Checking 
An abstract is a secondary source. One should always 
consult the original article if available; if not, compare 
abstracts in the various journals. 

Evaluation 
Pertinency and essentiality. 
Recency. In a rapidly changing field material over a 
year old may be valueless. 
Reliability (Author, method, materials, numerical data). 

Completeness 
How thorough must the search be? 
of diminishing returns apply? 

Record of search 
Legal aspects in case of patentable ideas. 


When does the law 


Chemical literature may be divided, for search pur- 
poses, into four groups: journals, books—reference, 
text, and monographic—patents, and search aids. 
Over 4000 journals are listed by Chemical Abstracts but 
studies based upon reference frequency indicate that 
approximately a dozen are of major consequence. The 
keys to journal articles are of course the indexes of the 
abstract journals, Chemical Abstracts probably being 
the most important in the world today. Anyone at- 
tempting to use these aids should understand the search 
cycle for journals (Figure 1). 

All original reports of research are based upon ex- 
periments the essential features of which are the experi- 
menter, materials, operations, and results. When the 
experimenter takes up his pen he assumes the role of an 
author. After the publication of his article an ab- 
stractor reads it and prepares a summary of the por- 
tions he believes to be new. This summary or abstract 
ultimately reaches an indexer who selects what he con- 
siders the appropriate key words and formulas to be 
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used as guides to the abstract. Later the words and 
formulas are arranged in an order determined by rules, 
Theoretically, at any subsequent time anyone interested 
in some phase of the original work can, by searching the 
indexes, find his way back to the article, gather de- 
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Figure 1.—SEARCH CYCLF FOR JOURNALS 


sired ideas, do further experimenting himself, and thus 
complete the cycle. 

The entire scheme is based upon two premises, 772., 
that the experimenter is also a good writer and that 
the selection of words to represent an idea is consistent 
throughout the cycle. The weakest links in the chain 
appear to be the first and last. Scientists are con- 
stantly under criticism for their poor exposition and 
readers are generally conceded to be inefficient search- 
ers. (Perhaps insufficient is a more appropriate term.) 
They seldom make use of the fact that every index en- 
try carries implications, that every experiment in- 
volves chemicals and apparatus which may be useful 
elsewhere. For example, when one desires a method 
for the purification of benzene good articles to examine 
are those involving the determination of some physical 
property of that substance, since it is reasonable to 
assume that such articles will tell how the test sample 
was obtained. In other words, a knowledge of rela- 
tions and a good imagination are essential ingredients 
of every search. 

On the whole, the journal literature of chemistry 1s 
more readily accessible than that of any other field, 
thanks to the abstracting work promoted by our na- 
tional societies. We do not need more or better i- 
dexes as much as we require more and better training in 
the technique of using these guides. 
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' such as Beilstein, Landolt-Bérnstein, 
' Critical Tables, Gmelin, Mellor, and Friend. The en- 
| cyclopedias, dictionaries, handbooks, receipt books, and 
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Jury, 1944 


The book literature of chemistry is in a less satisfac- 
tory state for search purposes than the journal litera- 
ture because the keys are less adequate. When a new 
book is issued there is usually a publisher’s announce- 
ment. It may contain the table of contents. Later 
the Publisher's Weekly and Cumulative Book Index 
mention the author and title, while two or three jour- 
nals print reviews which may be quoted in the Technical 


| Book Review Index. Chemical Abstracts gives the au- 


thor, title, imprint, pagination, and price. If the book 
is purchased by a local library, cards from the Library 
of Congress are entered in the local card catalog under 
author, title, and two or three subject headings. 

The unfortunate part of this situation is that few 
scientists go to a library looking for information armed 
with the informant’s name or the title of his book. 
The reader wants a certain statement, description, 
graph, table, or diagram. None of the sources men- 
tioned will help him. He must either know where the 


_ item is or start a book-by-book search after classifying 


the volumes locally available into likely, possible, and 
improbable sources. If it so happens that he is ac- 
quainted with someone who knows the literature—a so- 
called ambulant catalog—that person may be able to 
find the desired material at once. Without him the 


| search may be long and fruitless, largely because there 


are too many books to examine individually, or because 
the usual library card catalog is not sufficiently detailed. 
For a subject specialist the book is too large a unit to 
be satisfactorily catalogd by the use of four or five 
entries. 

The chemist-searcher must know his sources, their 
strong points and their weaknesses. He must be inti- 
mately acquainted with the outstanding reference books 
International 


quick reference material should be cultivated. Annual 
surveys, reviews, and monographs are also important. 
While good textbooks are excellent starting points for 
orientation in a search they are usually too general 


_ and too ephemeral to be worthy of much consideration. 


The third main subdivision embraces the patent litera- 
ture, a field wherein the exploiter seeks maximum protec- 


| tionfor minimum disclosure, wherefore the searcher must 


have his intuition especially well developed. In addi- 
tion to the official journals and their classification 
schemes, which are often more helpful than the indexes, 
there are the standard summaries such as Friedlander, 
Brauer and D’Ans, Houben, Wagner, Winther, and 
Worden. In addition there are a number of compilers 


who have searched some one subject and published 
their findings, e. g., Faust on cellulose compounds. 
Evidence submitted in patent cases before the courts 
frequently contains valuable information of a chemical 
A knowledge of methods used for searching 
During the past 


nature. 
the legal literature is required here. 





335 





year or two congressional committees have investigated 
patent monopolies and published their findings. 
Senator O’Mahoney and his Temporary National 
Economic Committee have issued many volumes con- 
taining the minutes of their meetings, several of which 
were devoted to patents. Senator Bone’s Committee 
on Patents also has published a number of books deal- 
ing with the subject. Many government publications 
such as these are difficult to find, particularly when one 
is unaware of their existence. 

It will probably be inferred from the preceding state- 
ments that patent work is a division of narrower spe- 
cialization within the domain of scientific literature. 
This is true. Searches for validity, prior art, etc., are 
complicated for people unacquainted with the technique 
and sources. The involved phraseology of a patent 
is enough to scare away all but the bravest. 

Before leaving this subject the activities of the Alien 
Property Custodian deserve consideration. He has 
taken possession of several thousand patents and in- 
duced a number of experts to prepare abstracts and a 
detailed index of their contents. This material should 
be a valuable aid in patent search work. 

Incidentally, it is apparently less well known that the 
Alien Property Custodian has seized all copyrights 
owned by Axis and Axis-dominated aliens. Certain 
firms in this country, notably Edwards Brothers of 
Ann Arbor, Michigan, have been licensed to reproduce 
and sell the books of more urgent demand in the war 
effort. A copy of Edwards Brothers’ catalog is worthy 
of examination if for no other reason than as a care- 
fully selected list of important German books. 

The fourth and last subdivision of the literature, 
namely, search aids, includes a wide variety of books. 
Crane and Patterson’s “Literature of Chemistry,” and 
Mellon’s ‘‘Chemical Publications’ are both very useful 
surveys. The “Bibliography of Bibliographies’ by 
West and Berolzheimer, while good for the period 
covered, should be revised and brought up to date. A 
very valuable but much neglected compilation is Pog- 
gendorff’s “Biographical Dictionary.” Under the 
name of each person mentioned in the books will be 
found a very brief biographical sketch and a practically 
complete bibliography of the subject’s writings. The 
second edition of Gregory’s ‘‘Union List of Serials,” 
“Thomas’ Register,’’ Snell and Snell’s “Chemicals of 
Commerce,’ Abderhalden’s ‘‘Handlexikon,”’ and other 
books in applied chemistry as well as those in the closely 
related fields of physics and the natural sciences all 
prove very useful at times. 

These examples are but suggestions regarding the 
types of material that a searcher will need. Everyone 
will find that some of his favorities have not been men- 
tioned. If the meagerness of the list does no more than 
stimulate the preparation of a complete survey it will 
have served its purpose. 





The Place of Russian Scientific Literature in 


Bibliographical Work’ 


J. G. TOLPIN 


Universal Oil Products Company, Chicago, Illinois 


HE purpose of this paper is to call the attention 
of the bibliographer, specifically the science li- 
brary worker, to the need for wartime preparedness for 
a peacetime activity and to suggest one practical step 
in the direction of this preparedness. I have in mind 
the need for closer attention to, and adequate record- 
ing of, the Russian published research in all branches 
of science. The specific instrument considered in this 
connection is a uniform system of indexing and of trans- 
literating Russian proper names, titles, geographical 
locations, etc. 

A meeting of chemists or a chemical journal can serve 
in this instance mainly as the medium through which 
an attempt is made to speak to the workers in other 
branches ofscience. The journalsofthe American Chemi- 
cal Society are less guilty of confusion in transliteration of 
Russian names than other scientific periodicals. Es- 


pecially is this true of Chemical Abstracts, which records 
Russian names in larger numbers than chemical jour- 
nals or other scientific journals in any other country. 
Only a few minor problems are to be considered as per- 


taining to its system of transliteration. This cannot be 
said about other scientific publications; however, inas- 
much as technical literature searching cannot be limited 
to any one publication, the practice of other journals 
must be considered. 

The problem has become more significant owing 
to the rapid growth of the volume of Russian scientific 
literature and the mounting interest in it manifested by 
scientists in this country. The editor of Chemical 
Abstracts reported that the list of chemical journals 
in the Russian language covered by his journal ex- 
ceeded 200 in 1937 (7.3 per cent of the total of 2800 
periodicals). Of the journals added between 1936 
and 1942 to the list of those abstracted, the number of 
Russian papers was as large as that of German papers 
and much in excess of the French [8.3, 8.6, and 5.0 
per cent, respectively (4)]._ The number of abstracts 
of Russian chemical papers rose between the years 
1913 and 1940 from 2.5 per cent to 14.1 per cent of the 
total number of abstracts prepared. During the same 
period the number of abstracts from German papers 
dropped from 34.4 to 13.4 per cent and the French 
from 13.0 to 5.3 per cent (3). Yet, this coverage of 
the Russian technical journals is still incomplete, for 
Soviet authorities in certain fields of chemical tech- 
nology complain occasionally that some of their im- 


= Presented before the Division of Chemical Education of the 
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portant achievements remain unnoticed in this country 
(6). 

In addition to the current literature, some of the 
older Russian scientific literature is occasionally found 
to be pertinent to current research on problems which 
had heretofore only academic interest. This type of 
older Russian literature was never well reported outside 
of Russia, although some Russian scientists published 
much in German and French journals. At any rate, 
it was not covered from the point of view of present-day 
research. In some cases brief abstracts of Russian 
papers in German journals gave little detail of the re- 
search under report. In the past some Russian 
researches of importance were credited by American 
scientists to Germany, and their authors were some- 
times thought to have been Germans. 

A few facts concerning Russian scientific publica- 
tions and bibliographical activities during the years 
immediately preceding the present war are of interest. 
Neither of these was commensurate with the scope of 
scientific work it was called upon to reflect. In spite 
of the centralized management of many scientific activ- 
ities by the Soviet state, the scientific bibliographical 
work has not yet benefited from unification on a na- 
tional scale, and for abstracts of chemical papers, for 
an example, a Russian chemist has to turn to several 
sources, if he wants to cover his field. 

Bibliographical work in the modern sense of the word 
is not new in Russia, for a technical bibliographical 
publication [Knigovedenie (Book Knowledge)] existed 
there as early as 1894-1896. The journal Knizhnaya 
Letopis’ (Book Chronicle) is over 35 years old. It 
reviews books. Similar publications index magazine 
articles—others, newspaper articles. Certain laws in 
force in the U. S. S. R. facilitate bibliographical work. 
Thus, I find that publishers are obliged to deposit 
45 copies of new books in the 41 largest libraries of 
the country (16). 


I do not attempt to make a complete survey of the . 


Russian bibliographical field covering the sciences 
from the point of view of either its quantity or quality. 
The numbers, and even the types, of services described 
here are only illustrative of the attempts made here- 
tofore, and of the potential services of wider coverage 
that we may expect after the war and may use as 4 
guide to the vigorous scientific activities which cannot 
be completely reflected in the regular Russian scientific 
publications. 

The book-trading organization Mezhdunarodnaya 
Kniga (International Book) in Moscow accepted in 
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1939, through its American agency, subscription to a 
large number of newspapers and periodicals, which in- 
cluded 293 of scientific and technical nature in the 
Russian language and 9 in Ukrainian. This is ex- 
clusive of publications in English, German, French, 
Polish, Armenian, Tatar, and other languages, as well 
as those in the fields of military science, education, eco- 
nomics, and others, some of which are partly scientific 
inscope. Bibliographical publications are also left out. 

Some journals are not being published during the war, 

but many of them will be later revived; also, new jour- 
nals will undoubtedly be published. In some branches 
of science, notably chemistry and biological sciences, 
previous experience may be expected to further a more 
‘rapid growth of the literature soon after the war. 
' Concerning the actual publishers, the Academy of 
Sciences of the U. S. S. R. published 37 scientific jour- 
nals in 1941, which included three journals published 
-in non-Russian languages (English, French, and Ger- 
' man), two journals of provincial academies of sciences, 
| two abstracting journals, one covering chemistry and 
one physics and mathematics. In 1944 the number of 
journals published by the Academy of Sciences is 33. 
For engineering journals, I have figures only for 1939. 
| The list comprised 84 journals distributed inside the 
Soviet Union (by the State Publishing House for Sci- 
entific-Technical Publications) and included the inven- 
tion registration (patent) journal and a bibliographical 
monthly in six separate divisions for the various 
branches of industry. 

In addition to the two agents mentioned above, the 
Commissariat of Education, the Mendeleev Chemical 
Society and other,scientific bodies, and a large number 
of schools, research institutes, experimental plants, 
and the like have their own publications, some of which 
occasionally contain important material. An out- 
standing example is the publication activity of the 

Lebedev Synthetic Rubber Experimental Plant. 

_ The trade journal as we have it in this country does 
| hot exist in contemporary Russia, since the business 
| activities are monopolized by the government. This 
| bears on the significance of the number of existing 
papers and the type of material appearing in them. 
| Relatively few of these publications reach this country, 
since they do not appear on the regular subscription 
lists, and American libraries have until recently made 
little effort to obtain them. A recent compilation 
(1943) of holdings of Russian scientific journals in over 
60 libraries of this country made by the Library of Con- 
gress and similar lists certify to this effect. 

The various Russian technical journals carry their 
own abstracting sections, which are largely devoted to 
_ abstracts of articles appearing in non-Russian journals. 

Bibliographical organizations also exist which serve 
individual industries, for instance, the oil industry. 
They publish their own bulletins and supply bibliogra- 
phies covering their field. These agencies also supply 
translations of non-Russian articles and perform similar 
services. 

A card system, called ‘‘Tekhkart’’ is published by 
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the State Scientific Library attached to the Commis- 
sariat of Heavy Industry. In 1938, it served 90 
branches of industry, of which 13 were classified as 
chemical industries. In 1939, the number of branches 
it served was 92. The bibliographies covered in these 
cards comprised 24,000 items in 1938; in the chemical 
industries, they ranged from 80 cards to 700 for each 
field, with the cost of each bibliography differing ac- 
cordingly on the basis of about two cents a card (calcu- 
lated on the exchange ratio of 5 rubles to the dollar). 
They cover the Russian and non-Russian literature. 

The Russian equivalent of our Chemical Abstracts, 
called Khimicheskii Referativnyi Zhurnal, was started in 
1938, but I have not seen any 1942 or subsequent 
issues.. It is interesting to note that this journal covers 
only the Russian chemical literature. Perhaps it 
should be interpreted as a sign of the growing reliance 
of the Russian chemist of today on his own literature. 
Soviet writers on chemistry show a good acquaintance 
with the international literature in their fields; they 
apparently rely on coverage of these fields in non- 
Russian abstracting journals, or on special bibliographi- 
cal services. The Russian chemical abstracts journal 
published in 1940 a total of 7600 abstracts, covering 
430 journals and nonperiodical publications. Chemz- 
cal Abstracts published in that year a total of 40,624 
abstracts, of which 33.5 per cent were classified as rep- 
resenting papers published in the United States and 
14.1 per cent Russian papers (3). 

As a rule the Russian chemical abstracts are well 
representative of the articles reviewed; however, 


they sometimes take cognizance of the research itself, 
rather than its report given in the articles. 
Bibliographical yearbooks covering developments in 
specific branches of technology and natural sciences are 
occasionally published as another means of literature 


survey. The journals Uspekhi Khimii (Progress of 
Chemistry), Uspekhi Fiziki (Progress of Physics), and 
similar publications often carry reviews of various de- 
velopments in their fields, originally written in Russian 
or translated from other languages. Finally, com- 
pilations of technical data are published in the form of 
engineering handbooks, original or translated. The 
most ambitious project of this kind I know of is the 
“Technical Encyclopedia” in 26 volumes. 

The translation program of Russian scientific publi- 
cations deserves special mention. Not only are review 
articles covered, but books in the field of technology 
are translated quite extensively. Some translations 
constitute voluminous works, including monographs of 
the American Chemical Society. 

A word about the quality of the Russian scientific 
reporting. You may remember the opinions of some 
scientists in this country current 10 or 15 years ago, 
according to which much of the material published in 
Russian journals constituted a rehash of known data 
and should be taken with a grain of salt. To some 
extent this opinion was correct, but it is no longer so; 
in a measure, it resulted from misunderstanding. 
It should always be borne in mind that the author of an 
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article in a Russian journal addresses himself first of all 
to his colleagues, for whom a review of data, especially 
those taken from non-Russian journals, is important 
as an introduction to the subject under discussion. The 
novices in Russian technical writing of 15 years ago, 
writing for the most part in the smaller technical papers, 
were in many cases engineers educated during the first 
years after the revolution, when everything was in a 
state of flux and when previously existing standards 
were weakened in all fields of endeavor. The colleges 
in Russia included no courses in the Russian language 
until recently. The newest programs of which I am 
aware have introduced instruction of Russian in col- 
leges, but have restricted it to colleges located in Soviet 
territories where languages other than Russian are 
prevalent. In the rapid industrialization of the 
U.S. S. R., much more emphasis has been placed on the 
specialization of the engineer or scientist than on his 
general education. It is not surprising, therefore, to 
find examples of poor writing by. younger authors who 
may have good data to present. Insufficient precision 
in the use of the language and excessive wordiness is a 
fault common to some older authors as well. Poor 
translations into English have contributed much to 
the low opinion of the Russian scientific journals. 

Scientists are sometimes guilty of the same unscientific 
method of judgment for which they are likely to re- 
proach a layman. I have heard opinions of the Rus- 
sian technical literature, constituting broad generaliza- 
tions of praise as well as blame, but based on very few 
articles read, or a survey made on one line of research. 
Banding together all Russian writers on science has 
just as much justification as banding together all writers 
using the English language. 

In the past everyday life in Russia lacked the indus- 
trial background familiar to everybody in this country, 
and many researches of potential importance to indus- 
try found little application or encouragement. By tra- 
dition, therefore, engineering is trailing behind pure 
sciences in the Soviet Union. Thorough theoretical 
studies have also been sponsored by the Soviet Govern- 
ment in recent years, in connection with the indus- 
trialization plans, although engineering projects were 
fostered with especial vigor. A current Russian ex- 
pression quoted occasionally in discussions of research 
plansis: ‘‘Use of experimental data without an under- 
lying theory is blindness.’’ The above may explain 
the observation made by some American engineers 
who worked in the Soviet Union that Russian scientists 
and engineers are much stronger in theoretical than in 
practical work. Some readers of Russian scientific 
journals ascribe more value to basic data and to labo- 
ratory research than to articles of more applied nature 
published there. This discrepancy differs, however, 
with the field of research. Moreover, it is likely that 
the generation of Russian engineers coming into 
maturity now will reverse much of the adverse opinion 
about them. 

The discussion of the quality of the Russian scientific 
publications is, to a large extent, obsolete now, in view 
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of the scope of the research carried gut in the Sovie 
Union, as indicated by some figures for the chemical 
field referring to 1941. At least 50,000 college-trained 
chemists were employed by the Soviet industry (1) 
and over 5000 students of chemistry and chemical 
engineering were to be graduated in that year. The 
chemical industry was served in 1935 by 27 research 
institutes and 5 branch institutes (of the total of 126 
research establishments serving all Soviet industries, 
of which 27 constituted branches of main institutes); 
in 1941 the chemical research institutes numbered 
more than 40 (2). It was asserted (5) that the war did 
not depress the development of the chemical industry; 
it only changed the character of the products to meet 
the demands of the day. Forty research institutes 
and numerous other institutions are bound to produce 
valuable data on chemistry. No matter what portion 
of these data is published and in what manner it is 
written up, the published records should be assembled, 
kept, indexed, and read with more care than heretofore. 


Improvement in technical writing and in Russian § 


bibliographical work was apparent before the out- 
break of the present war, and editors, leaders of re- 
search, and other responsible men in science and in- 
dustry there seem to be mindful of the shortcomings 
inherent in the rapid growth of the literature. I find 
editors’ queries in some journals directed to the readers, 
soliciting their opinions of the journals and sugges- 
tions as to the material to be printed and the method of 
treatment. Discussion articles and symposia are fea- 
tures of Russian technical journals and they pertain to 
industrial significance of technical projects, goverr- 
mental plans, economics, efficiency of the personnel, 
technica] literature, and subjects of equal importance. 

Efforts are being made by the journals published by 
the Academy of Sciences to promote precision in the 
employment of scientific terms and to bring into use a 


system of standard abbreviations and improved litera- 


ture references. It may be remarked here that search- 
ing through a long list of references in a Russian engi- 
neering journal, published, say, 10 or 15 years ago, 1s 


and proofreaders used to be much more familiar with 
German names than with English, and some proper 
names and titles of journals were occasionally mutilated 
almost beyond recognition. Add to this occasional 
inaccuracies in the volume or page numbers, and mis- 
prints, which are by no means a rarity even now, and 
you will have a job for a detective. 

During the last few years, the rule has been scrupu- 
lously observed that credit must be given for research 
work to all those who participated in it, and the names 
of junior collaborators and laboratory assistants appeat 
under subheadings for sections of papers, indicating 
the exact part of the work in which these workers col- 
laborated. 

Criticism is at times quite severe. I have several 
clippings from journals expressing criticism of poof 
selection of material translated, citing wrong defint- 
tions in dictionaries, reproaching the editor and director 
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of a publishing house for what is regarded as a mislead- 
ing book on an oil region, etc., and treating them as 
public officials who are managing enterprises in which 
the critic has a stake. At times, abstractors interject 
critical remarks in their abstracts. Criticism of writers 
for data or manner of its treatment by editors of tech- 
nical journals is more frequent than in the case of the 
journals of the Academy of Sciences. Sometimes this 
gives the writer-editor or writer-abstractor relation- 
ship a shade of student-teacher attitude. 

Especially interesting is a case of criticism of the 
(Book 
Chronicle) (5), in which examples are given of a few 
important research studies missed by this journal, 
but properly recorded in the American bibliographical 
literature. In one instance, a complicated engineering 
calculation was carried out anew, although it was pre- 
viously published by the Soviet Academy of Sciences. 

It is thus seen that Russian leaders in science and 


ofore, @ bibliographical research are cognizant of their needs 


ssian J and have been active in satisfying them. Even when 
_ the Russian scientific literature is expanded and unified 
' after the present war, which is highly probable, and es- 
| pecially in the years before this unification is completely 
nings ) attained, much valuable information will be available 
» tous only through systematically following the Russian 
| scientific and engineering literature, including review 


} journals, bibliographical publications, and the like. 


This will require also that much more attention be paid 
to complete and uniform records of the literature pre- 
viously published. The correct and, above all, uni- 
form transliteration of the names of Russian authors, 
titles, and journals is therefore an issue of significance. 

Because names of many Russian scientists have been 
spelled as given in transliteration in the German, 


' French, or British literature, many readers have not 


known that these scientists are Russian. In order to 
prevent confusion which results from repeated entries 


it would be useful to compile a list of all Russian authors 
who have published important scientific research in 


/ non-Russian journals, at least for the period since 1868, 
} when the German Berichte was founded, or 1869, the 
) first year of publication of the Journal of the Russian 
» Physical-Chemical Society, with an equivalent uniform 
aaa if the means for such a project could be 
found. 


The problem before us, therefore, cannot be limited 


| to the uniform transliteration of names given in the 


Russian alphabet, but must extend as far as possible 
to the identification of these names as transliterated in 
other languages and the distinction between Russian 
and non-Russian names. For the sake of complete 
treatment, two incidental aspects of the problem should 
be considered: 

(2) The current Russian literature uniformly uses 
the revised Russian spelling in which several letters 
in use before 1917 were discarded. However, papers 
published before 1917 have to be handled, and trans- 
literation should consider also letters now obsolete. 
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(6) We are concerned here with Russian papers. 
In addition to Russian proper, which is the official 
language of the U.S. S. R. and is the native language 
of the majority of its population, two other languages, 
so closely akin to it that they are considered by some 
mere dialects of the Russian language, which use uni- 
formly the same Cyrillic alphabet, exist there. Of these 
languages, white Russian uses the same letters as the 
Russian language, with minor exceptions, and may 
be overlooked. The Ukrainian language, however, 
must be considered in connection with transliteration. 

The recent discussion of transliteration of Rus- 
sian names in Science (8) was quite timely. It is to 
be regretted, however, that this discussion has been 
so far conducted without reference either to any pre- 
vious attempts made in this direction or to the various 
existing and relatively widely used systems of trans- 
literation of Russian names. Even if it were estab- 


‘lished that all these systems of transliteration are 


incorrect in some respects, they deserve at least serious 
consideration, especially in view of the fact that in all 
matters dealing with language, previous usage is a 
factor of primary significance. 

Well-considered attempts at uniform translitera- 
tion of Russian, as well as other Slavonic languages, 
were made as early as 1885 by the American Library 
Association (7), by the British War Office, Foreign Of- 
fice, Colonial Office, and Admiralty in 1906.(10), and by 
the British Academy in 1916 (14). 

I have considered also the systems of transliteration 
used by the Library of Congress, New York Public 
Library, and Chemical Abstracts and wish to suggest a 
set of principles for guidance in transliterating Russian 
names and titles. 

Transliteration is distinctly different from phonetic 
transcription. Transliteration should not be based 
on pronunciation, but on the spelling of the original 
word. It is immaterial whether we all pronounce 
correctly the names Chekhov and Zhitomir, as long 
as we have a uniform system of writing them down. 
It was pointed out (13) that the number of possible 
variations of transliteration of the name of Chekhov 
would be quite imposing, if the conventional methods 
used by writers in various European languages to ex- 
press the sound combinations present in that name are 
considered, namely, the first sound as either Ch, Tch, 
C, Tsch, Tsj, Tj, Cz, or C; the middle consonant as 
ch, kh, h, k, or x; and the last as v, f, or ff (w was left 
out of consideration). 

Perfect similarity of sound cannot always be achieved 
by transliterated letters, for some sounds are char- 
acteristic for one language and are not employed in 
the other. For this reason, transliteration can aim 
only at uniform representation of the letters, not the 
sounds of the transliterated language, in the given 
case, Russian. If we go by sound and attempt to 
represent it correctly, 7. e., attempt to devise a system 
of phonetic transcription, we cannot think of letters 
and cannot achieve a uniform indexing, for we must 
then represent the Russian letter ‘“I’’ (g) by the Eng- 
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lish “‘g” in most cases, but by the letter ‘“‘v’’ in words 
such as ““Russkogo,”’ and by ‘“‘kh’’ in “‘legko’’ (light, easy). 
By the same token, we would have to use at least three 
different methods of representing the Russian sounds 
for all of which the English ‘‘e’’ can be used, one for the 
soft sounding ‘‘e,”’ one for the hard “‘s’’, and one for the 
‘“e’’ pronounced like ‘‘yo.” 

The name Gogol’ with the soft “l” at the end, indi- 
cated by the apostrophe, strikingly differs in pronun- 
ciation from that with the hard “‘l’’ at the end; the 
Russian word YIOJI (ugol), with the hard ‘‘l’’ at the 
end, means angle or corner, whereas with the soft 
‘Y”” YPOIIb (ugol’) means coal, carbon. The word 
O6beM (volume) would not be well recognizable 
in Russian without the effect on its pronunciation pro- 
duced by the hardness sign, 'b, which should be in- 
dicated in transliteration. The sounds produced 
by the Russian letters enter, consequently, into the 
picture only in so far as they serve as a basis for select- 
ing for the Russian letters the closest equivalents 
among the English letters. 

In selecting English equivalents for the Russian 
letters, we should aim, for the above reasons, at repre- 
senting nothing more than those letters, but we should 
also not omit any of the letters in the Russian spelling. 
We should, therefore, not leave letters affecting the 
pronunciation of a name and the meaning of a word 
without representation. 

The ideal solution to all transliteration problems 
would be a uniform international system which would 
facilitate searching through the technical literature in 
alllanguages. Commenting on the state of translitera- 
tion, a meeting of phoneticians in Copenhagen in 1925 
(13) expressed an opinion that ‘‘the thing must be left in 
the present chaotic state until knowledge of the most 
important rules of phonetics reaches the widest circles 
of people.” Must it? At a meeting of the German 
geographical society in Halle in 1893, it was brought 
out that a suggestion was received from England to 
discuss the subject together, and formulation of a sys- 
tem of transliteration was postponed until a report 
would be available from a pending convention at 
Geneva (11). This report was subsequently released on 
September 10, 1894, and covered a number of alpha- 
bets in a system which considered also the practice of 
the Berlin Library. In 1944 we seem to be infinitely 
farther from this bit of international collaboration than 
we were in 1893. 

We are not here concerned with transliteration of 
English names into Russian, and the recent public 
discussion of this subject is outside the scope of this 
paper (9). This is a problem for the Russian bib- 
liographer. Some Russian scientific periodicals re- 
cently adopted a method of writing non-Russian names 
in the original language concerned. The system, how- 
ever, is apparently far from standardized. E. I. Sha- 
murin of the Moscow Public Library, an authority on 
cataloging, does not mention transliteration of non- 
Russian names in his book (15). 

The following system gives proposed English equiva- 
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lents for Russian letters based on the above-outlined 
considerations, bearing in mind primarily the scientific 
literature. The entire alphabet is listed, including 
the letters which became obsolete through the adoption 
of the simplified orthography in 1918. Ukrainian 
letters not used in the Russian language are also added, 

This system uses no diacritical marks with exception 
of the short “i? (u). The methods of representing 
the Russian soft sign (5) and the hard sign (+) are not 
the best imaginable. It is only because they ar 
already in use to some extent that they are suggested. 
The remarks relating to pronunciation of these letters 
are given for the sake of explaining their significance 
and the examples of comparative transliteration cited 
below. 


Russian Latin 
a a (as in far) 
b 


o> 


v 
g (as in go) 
d 


e (as “‘ye’’ in yes) 
zh (as ‘‘s” in pleasure) 
Zz 


i (as “i” in ravine) 


i (not used in the revised orthography) 
i (as “y”’ in boy) 


(as ‘‘oo”’ in moon) 


HES HOU HOMRARR™ SO POH DA 
mEeuvnvon Sore 


like ‘‘ch” 


‘an 
i 


(no similar sound in English exists; 
in the German word Buch) 

ts 

ch 


sh 
shch (like ‘“‘shch”’ in “rash child,” ‘‘fresh cheek’’) 
‘‘ (mute; indicates that the preceding consonant 


KR MOSSY OUVROMZARS SOM ow 


od 
— 
ra B «ae 


_ 


a word, but is to be retained in the middle of 
the word, indicating a sharp separation be: 
tween a hard consonant and a following soft 
sound, as in ‘‘opulent’’) 

y (as ‘‘i’” in fit) 


‘ (this letter is mute by itself, and only indi- i 
cates the softness of the preceding consonant. F 
It should be expressed both in the middle 


of the word, as in Vol’nov, and at the end, as 
in Gomel’) 

b e (abolished in the new orthography) 

9 e (as “e’’ in let) 

A ya (as “ya” in yard) 

10 yu (as ‘‘yu’’ in yule) 

) f (abolished in the new orthography) 

The Ukrainian alphabet does not use some of the 
Russian letters (+, 9, st). The Russian I, trans- 
literated into English by “‘g,’’ when used in Ukrainian, 
should be transliterated by “‘h,”’ the sound of which 
it represents. Similarly, the Russian H is to be trans- 
literated from the Ukrainian by the English “y. 
The following Ukrainian letters are not employed in the 
Russian alphabet: 


I to be transliterated into English by g 
e to be transliterated into English by ye 
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Williams. 
| journals observe no rules of uniform transliteration. 
' Some sign their names with “‘off’’ or ‘‘eff’’ at the end 
‘instead of ‘‘ov’”’ or ‘‘ev, 
| spelling in this case; many represent the ending -kii by 
B -ky. 

these spellings. 
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i to be transliterated into English by i 
i to be transliterated into English by yi 


Concerning transliteration of names encountered 
in the non-Russian scientific literature, for instafice in 
the German, English, or French journals, which appear 
to be Russian, no exhaustive rules can be given, and the 
safest decision can be made only on the basis of actual 
knowledge that the author is a Russian. Slavic-sound- 
ing names, like Lichowsky, Ossietsky, are just as fre- 
quent among Germans as German-, French-, or English- 
sounding names among Russians: Schmidt, Chatelain, 
Russian authors writing in non-Russian 


” 


which represents the correct 
As a result, the literature records their names in 


Bibliographical journals occasionally transliterate 
the same Russian letter in different ways, attempting to 
base them upon their pronunciation in Russian or 
origin of the name transliterated (12). 

German systems of transliteration of Russian names 


will use a ‘“‘w’’ where practically all proposed and exist- 


ing systems of transliteration into English use a ‘‘v.”’ 
Consequently, in retransliterating from German, the 


» ‘w” should be changed to a “‘v,” but wherever a ‘‘v”’ 
» occurs in a Russian name in German transliteration, 
> such as a Russian name of non-Russian derivation, its 


Russian spelling must first be ascertained, for it may be 
either a sp (v) or a @ (f). French transliteration 
systems are usually also based on sound. 

Some typical divergencies of the systems of trans- 


| literation as used, for instance, by Chemisches Zentral- 


blatt and Chimie et Industrie, as compared to the trans- 
literation into English are shown below. In many 


| cases these examples may be helpful in retransliteration 
/of Russian names from the German and French. 


Both the German and French transliteration systems 


} mentioned above make, as a rule, no distinction be- 
) tween the ending -skii in Russian names and -ski in 
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Polish names, spelling them in both cases -ski. Names 
ending with “‘ski” or ‘‘cki’’ or those conta.ning pairs of 
consonants with a z, 7. é., rz, cZ, or Sz are, as a rule, 
indicative of the Polish origin of the author, and, conse- 
quently, left without transliteration when found in 
non-Russian journals, as they represent the correct 
Polish spelling of the name: Krzyzanski, Czerniawski, 
Bistrzycki, Szeptycki. The letter “‘i’’ before a vowel 
should at least make one assume the probability that 
the name is Polish: Piotrkowski, Swiadecki, Zalo- 
ziecki. A number of diacritical marks used in Polish 
could serve to identify Polish names, but they are sel- 
dom reproduced in English when proper names are 
copied from Polish. 

It is further necessary to obtain general recognition 
for the rule practiced by some bibliographical services, 
according to which the names of Russian authors which 
occur very frequently in non-Russian publications, 
especially if they become citizens of another country, 
should be spelled the way they themselves spell them. 
Russian names of non-Russian origin should be trans- 
literated as Russian: Pakendorf, not Packendorff; 
Gerr, not Herr. 

The rules for syllabication of English words apply, 
except that groups of letters representing a single 
Russian letter should be kept together. The softness 
sign » (’) and the hardness sign » ("’) should be kept 
together with the consonant which precedes them. 
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The Photoduplication Service 
of the Army Medical Library} 


COLONEL HAROLD W. JONES 
Army Medical Library, Washington, D. C. 


P TO 1940, the Army Medical Library, whose col- 
lection had been in existence for more than 100 
years and which then amounted to a million or more 
items with 400,000 bound volumes, had been used 
principally for the assembling for publication of its in- 
dexed material in the famous IJndex-Catalogue of the 
Surgeon General's Office. This publication, now in its 
64th year, was begun by John Shaw Billings and is now 
in its fourth alphabetical series, having been issued 
uninterruptedly except for the depression years of 
1933-35. The Army Medical Library did operate a 
library loan system which was fairly large (13,000 or 
more loans annually), which it made no particular ef- 
fort to increase. Institutions had been borrowing 
books from the Library for more than half a century. 
It was recognized that there were some losses, the 
books were often returned in a damaged condition, and 
sometimes after half a dozen trips required rebinding. 
Many were kept overtime, which involved correspond- 
ence, and if a bound serial was out on loan no article 
in the volume could be examined until it was returned. 
It was plain to see that a limitation on service at a dis- 
tance existed. Moreover, unbound serials could not 
be loaned, and patrons living far away could not see 
them at all. True, there was the photostat, but people 
seldom wish to pay 15 cents a page for them, and free 
photostats were out of the question. 

In 1940, due to a desire to serve individual research 
workers by giving prompt access to the recent literature, 
the Library first began to publish a list of recent medi- 
cal and scientific papers as they appeared. This was 
the mere listing of the contents of certain selected jour- 
nals week by week. The number of titles averaged 
something over a thousand. In connection with this 
effort, a microfilm camera was installed and service 
was furnished at cost by an organization known as the 
“Friends of the Army Medical Library.” 





1 Presented before the Division of Chemical Education of the 
American Chemical Society, 107th meeting, Cleveland, Ohio, 
April 4, 1944 
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(12) PrLuecke, Chem. Zentr., Generalregister IX, 1934-9, I, ) 
(1941). : 

(13) ‘Phonetic Transcription and Transliteration According to 
the Proceedings of the Copenhagen Conference of April, 
1925,” Oxford University Press, London, 1926. 


(14) PoLLock AND OTHERS, ‘‘Transliteration of Slavonic’; also in & 
“Proceedings of the British Academy,’ vol. 8, Oxford 






University Press, London, 1916. 
(15) SHaMuRIN, ‘‘Katalogografiya” (Catalography), Moscow, 


1925. 
(16) SoLev, Sovetskaya Nauka (Soviet Science), 160 (1940). 





The conception that library loan service should ex- F 
tend to the furnishing, free, of a photographic copy of F 
any journal article called for, is no doubt a novel one. F “Me 
The arguments in its favor are: that thereby the > , 


Library can extend its field to patrons without any — cat 











limitation of time or space; that the wear and tear on 


the heavy bound book of serials is eliminated; that f 


any number of persons can use the same book at the 
same time; that the loss of valuable material in the 
mails is done away with, and so on. 

Among the reasons advanced against such a free 
service are that it is or will be abused, particularly by 





commercial firms who will contrive to get all sorts of F 


copying done gratis, for which they themselves will 





make a charge to others; that it is expensive; that it F 


encourages a spirit of “‘get something for nothing even 
if you don’t want it’; that it establishes a dangerous 






precedent; and that people don’t appreciate what they F 
However, in more than one year of F 
operation on a free basis, no request which showed evi F c...: 

oe A S. F oervi 
dence of abuse of the privilege has been received. Cerf ji: 
tainly the integrity of those engaged in research should q mes 
P It oc 





don’t pay for. 








not be doubted, and the contributions of pharmaceutt- 
cal firms to medicine may be as important as those 
rendered by individuals. 








what you are going to do when people send you money. 
You must, they aver, have an accounting system, tor 
whoever heard of a complicated picture business that 
didn’t keep books? 

Now we know that when we have an administrative 
setup for a photoduplication unit and are in trade, so to 
speak, that a big share of the proceeds will go to pay for 
that setup. In the case of small services that cost 
perhaps 25 to 50 cents, it would really be cheaper to 
give this away than to collect, account, and dispose 
of the small sums of money. 

Charges made by well-known libraries for a single 
article vary from fifty cents to two dollars per article. 
Where does the money go that is thus collected? 4 
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' live in Washington. 
' search, and is not by any means always the head of a 
big laboratory. 


| be separated from the official users. 


evi ll and unbound serials. 
Service has become one of the Library’s principal ac- 
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good part of it goes into accounting administration, 
perhaps 80 cents out of every dollar received. How- 
ever, administration is a means to an end and not an 


' end in itself, and if it is more costly in the long run to 


maintain the service on a paying basis, then it has no 
excuse for being. There is of course, no argument 


| whatever for maintaining a free service that seeks to 
_ duplicate entire books or collections in other libraries. 
' Our free service seeks simply to give the research worker 


at a distance the same rights as we accord those who 
He is often the little fellow in re- 


The Army Medical Library, of which I am the di- 


' rector, became convinced, even before the war, that its 

service should be expanded to justify its recognition as 
' areally great national medical library and that it should 
' do everything possible to open its collection to all those 
' who wished to make use of it. 
of its friends founded an association known as the 


To this end, some 


' “Friends of the Army Medical Library,’’ which was 
| permitted, through its Executive Committee, to found 


ie ‘ “Medico-film Service’ which operated and carried on 
y e 


photoduplication in the building on a nonprofit basis 


» and who published and circulated the “Current List of 


Medical Literature” using the Library’s current index 


» cards for the purpose. 


The Medico-film Service (so called because, as I have 


) said, it was a privately sponsored venture) began with 


one camera, the original Draeger Camera, which is 
still in use. It had the use of one small room. 

In order to extend the use of its collection still further, 
Medico-film Service has been replaced now by the 
Photoduplication Service conducted as a regular govern- 


| ment service to the Armed Forces and embracing in- 
| dividual patrons of the Library who now cannot well 


Films are gradu- 
ally taking the place of loans, especially loans of bound 
The expanded Photoduplication 


tivities and it operates six cameras, gives 48- to 72-hour 


| service on reference work, and employs eight persons. 
| It occupies about 2000 square feet of space and its ex- 
perience has dictated the setting aside of some 4000 
» Square feet of space in the floor plans of the new Army 


Medical Library which will occupy a place on Capitol 
Hill after the war. This is in anticipation of a great 
increase in photoduplication work in future years. 
While the Army Medical Library attempts complete 
coverage of medical literature from the year 1467 when 
the first medical treatises appeared, its film work has 
three purposes: sending material of a medical character 
to members of the Armed Services in the war theatres, 
furnishing medical material to our Allies to replace 
that destroyed by enemy action, and giving aid to those 
engaged in scientific research. For the last purpose, 
we try to cover the fields of biochemistry, pathology, 
parasitology, ete., by securing the appropriate journals 
i every country which publishes them. In the case 
ol some countries, both friendly and enemy, we are 
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oftentimes the only institution now able to secure jour- 
nals in certain fields. Obviously with but one copy of 
a scientific journal in the country we cannot loan the 
original, but we can provide as many film copies as are 
needed. 

Bulk copying, copying of entire recent works where 
infringement of the copyright law must of course occur, 
and copying of old books complete, is not done as a free 
service. The only instance where we have copied 
textbooks on a large scale has been for Free China, to 
which freight shipments could not be made and whose 
literature has been destroyed. For the Chungking 
Government we copy complete runs of about 100 jour- 
nals as a continuing process, and we have reproduced 
more than 100 modern textbooks for current use. This 
work will continue only until such time as ‘Originals 
can be obtained. These films (negatives) are repro- 
duced 15 times, for that is the number of University 
Centers we serve. Complete copies of some of our 
incunabula have been made for certain public libraries 
in the United States, but such service now is very 
limited. 

Since a film is a substitute for a loan we can say that 
our loan service outside of Washington has increased 
from an average of 9000 per year, over a period of sev- 
eral years, to nearly 40,000 for the last 12 months. 
This means that our collection is not merely a static 
one devoted solely to the production of the Index Cata- 
logue but is decidedly active and useful to a far greater 
number than was the case in former years. 

As I have said, such free service is experimental and 
thus far no other library seems eager to adopt it as far 
as Iam aware. If we are compelled, on the ground of 
unjustifiable expense of the free service, to set up a de- 
partment which shall collect a myriad of small sums, de- 
positing them in the Treasury, and to be subjected to 
inspections and audits without number, I doubt if the 
service will be any better, and I know that scientists 
will not be as inclined to use it. In the end, by making 
necessary the employment of highly paid accountants, 
it will very likely prove more expensive for the Govern- 
ment. As has been said, it is an experiment, justified 
by the war, and time will tell if it is the proper solution 
for the problem of bringing medical literature to the 
scientists by way of the mail carrier and the front door. 

It is difficult to forecast with any degree of certainty 
the amount of photoduplication that will be necessary 
after the war. Will there be demanded library service, 
such as a national medical research library like our own 
is now furnishing, as a matter of right? Will interna- 
tional service be rendered on a large scale at low cost? 
It should be borne in mind that the greatest cost is the 
equipment and the necessary overhead for complete 
service, irrespective of volume. After this, additional 


service can be given at a slight increase in cost. Science 
and scientific research cannot well be restricted to the 
narrow boundaries of nationalism, and our plans for 
the futtire, nebulous as they may be, have inclined us 
toward a generous view of the need of international 
service. 





Editorial Problems 


or 


‘‘The Editor Looks at His Gift Horse” 


WALTER J. MURPHY and STELLA ANDERSON 


Industrial and Engineering Chemistry, Washington, D. C. 


66 DITORIAL problems” witha question mark, is 

perhaps the way these remarks here should be 
designated, for the problems are some which an editor 
might like to disown and dismiss as ‘‘Authors’ prob- 
lems,” period. However, since a great many authors 
cheerfully pass them on to the editor along with their 
scientific and not-so-scientific literary efforts, they have 
become the editor’s though he accepts them unwillingly 
and sometimes under protest. 

Were he less a realist he might be flattered at the 
SUPERMAN attributes often ascribed to an editor. 
To many he is apparently an individual who welcomes 
all writings on chemical subjects be they reports on 
“Vitamin Z in lettuce’’ or ‘Studies on synthetic rubber 
from the Alaskan dandelion.” If he cannot publish a 
paper, surely he knows an editor to suggest as the au- 
thor’s next victim. If he accepts a manuscript he can 
somehow—and with ease—achieve an appropriate 
title, write a catchy abstract, straighten out the English, 
correct the grammar, check chemical formulas, mark 
copy for the printer on single-spaced, elite-type manu- 
scripts, arrange a 100-item bibliography in alphabetical 
order, supply dates for citations and patents, correct 
misspellings—in short, turn out an article worthy of 
publication in the permanent literature, certain of 
prominent mention in the A. C. S. News Service releases, 
and destined for inclusion in Chemical Abstracts. 

Taken individually the problems are rather minor. 
It is only in aggregate that they become annoying and 
the editor realizes that an appreciable part of his time, 
that of his staff, and sometimes of his advisers, is oc- 
cupied in handling details which, strictly speaking, 
should be none of their concern. 

Take the matter of submitting a manusacript to In- 
dustrial and Engineering Chemistry in the first place. 
One sometimes wonders what went on in the author’s 
mind before he asked the ‘‘Dear Editor’’ to consider 
his contribution. Did he have any idea of the fields 
served by the Industrial and Analytical Editions, or 
was he simply hoping to get into print somehow, taking 
a chance on J. and E. C., trusting that luck might bring 
him a place in the permanent literature, world-wide 
circulation, and PRESTIGE. Certainly we know he 
does not count on a fat check. If he considers rejec- 
tions perhaps his attitude toward being turned down by 

1 Presented before the Division of Chemical Education of the 


American Chemical Society, 107th meeting, Cleveland, Ohio, 
April 4, 1944. 


A. C.S. journals is that of the man who boasted of being 
‘thrown out of the best places.”’ 

However that may be, if each author took time to 
consider where and how his contribution could reach 
those really interested there would be far less hit-and- 
miss submission of papers, far less time wasted in con- 
sidering totally unsuitable articles, and far less inter- 
journal exchange of manuscripts. For instance, as 
Dr. Rakestraw knows, many a paper which belongs in 
THIS JOURNAL is submitted to Industrial and Engineer- 
ing Chemistry during the course of a year. He in tum 
receives contributions which belong in ours, and we 
frequently exchange manuscripts with the editor of the 
Journal of the American Chemical Society, sometimes 
with the Journal of Physical Chemistry and even with 
Chemical Reviews. Of course there are always border- 
line cases and in such the authors are not at fault, but 
by and large authors could help editors materially ii 
they gave themselves an honest answer to these ques- 
tions: “‘What real contribution have I made?” “Who 
should know about it?” and ‘Where can I reach these 
fellows if I publish a paper?’ An author who cannot 
give himself a convincing answer on these points should 
hold his manuscript at home until he can. 

But even authors who answer the three questions to 
our satisfaction are likely to fail us in other ways. One 
is to neglect their part of the job of writing. Author- 
ship means more than having a beautiful set of data, a 
flock of lovely curves, and the desire to get them into 
print. The material must be presented in a way to 
make it possible for readers to comprehend. Authors 
who would not set up laboratory experiments without 
careful planning, write without seeming to consider 
whether they are heading for Industrial and Engineering 
Chemistry or a section of the Sunday supplement. 
Since it is not the function of an editorial office such as 
ours to do rewrite jobs, nor is it fair to expect our critics 
to do so, many an author would be saved tedious re- 
writing if he familiarized himself with the style of the 
journal before drafting the first outline fo1 his article. 

Much has been said about the failure of scientists as 
writers. English composition is a neglected subject it 
school because ‘‘a chemist doesn’t need English,” and 
it is only when the chemist decides to write that he 
finds it isn’t altogether true what they say about English. 
Still, the scientist who expects his poor writing to be 
excused on the ground that his literary training is de 
ficient gets small consolation from two English authors 
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who have recently written a book called ‘““The Reader 
Over Your Shoulder.’”’? They say, “As a rule, the best 
English is written by people without literary preten- 
sions, not by those who might be expected to write well 
professionally. Faults in English prose derive not so 
much from lack of knowledge, intelligence, or art as 
from lack of thought, patience, or goodwill. Arnold 
Bennett in his ‘‘Literary Taste’’ points out that faults 
of style are largely faults of character.’’ So here is either 
comfort or condemnation for those authors who write 
though ‘‘untrained along literary lines.” 

It is in order here to say a few words about the gradu- 
ate student thesis, that ‘‘masterpiece’”’ so often ab- 
stracted for publication. At least a footnote says it 
has been abstracted, though the editor and his critics 
rarely agree with the author’s interpretation of the 
word abstract. Too often he has failed to appreciate 
the considerable difference between a thesis and a 
journal article, both in design and composition. The 
abstracting we want is not a Procrustean adjustment 
to fit space, but a carefully controlled distillation to 
give us something with a “high-octane rating.’’ How- 
ever, few are skilled in the art of thesis-cracking, and 
in our experience critics generally recommend drastic 
revision for the thesis abstract. Sometimes of course 
they are overly optimistic about condensation possibili- 
ties, but more often than not they have been overlooked. 

The thesis problem is one that should be tossed back 
todepartment heads. Certainly it is to their advantage 
to get full credit for the results of research they have 
directed. This requires some concern not only for the 
quality of scienttfic research but the quality of scientific 
writing. In the past there has been far too much em- 
phasis on getting into print. The literature is cluttered 
with preliminary reports and incomplete data because 
students have been impressed with the importance of 
acquiring a long list of publications. Perhaps it is too 
much to hope that some day there will be no premium 
on number of publications and a fellow’s worth will be 
judged by what he has actually contributed to science. 
We, of course, can help bring that about by trying to 
maintain high standards for our journals, but coopera- 
tion from the production lines would count very effec- 
tively in realizing this ideal. 

As mentioned before, a great many authors, students 
and nonstudents, apparently do their writing first, then 
look about for the journal victim. This brings to our 
office a bumper crop of small problems, met so fre- 
quently that we have now prepared a printed memoran- 
dum to assist such authors (and ourselves since we are 
the victims). This memorandum notes most of these 
little author-responsibilities which apply to our journal. 
None adds much to the burden of authorship if taken in 
conjunction with the original writing. Most are a real 
nuisance for the author or his secretary once copy has 
been typed. Few would be required if authors took 
time to study journal styles a bit. Of course it is un- 
fortunate in some respects that even A. C. S. journals 





*Graves AND Hopce, “A Handbook of English Prose,” 
The Macmillan Company, New York, 1943. 
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do not agree on a uniform style for manuscripts, but 
that makes it all the more important that authors con- 
vince themselves pretty thoroughly in advance that 
they are heading their manuscripts in the right direction 
when seeking publication. 

It will not be necessary to go into details but only to 
mention a few of the so-called minor matters on which 
we seek authors’ cooperation. One is the title of an 
article. This must be brief. Too many authors ap- 
parently think that “‘title’’ is another word for sum- 
mary. Suitable titles require thought, but they can 
usually be devised to meet the requirement. 

Authors’ names can become a baffling item for the 
editor. Here is where consistency is again a jewel, and 
if John C. Smith, J. C. Smith, and J. Cromwell Smith, 
III, are the same fellow, we wish he would decide once 
and for all which he wants to be as an author and stick 
to his choice. 

Literature citations are another nuisance to manu- 
script editors and an annoyance to critics. Authors 
seem to forget that references should have some use 
besides proving that previous literature has been con- 
sulted. Failure to include pertinent information such 
as volume and page numbers, dates of publication, and 
so on, make many original lists practically useless. In- 
discriminate use of “Private Communications,’ ‘‘Un- 
published data,’”’ and material “In Press’’ also detracts 
from the practical value of a bibliography. The habit 
of an author to note material as “In Press’ when ac- 
tually all he has done is to submit his paper to a particu- 
lar journal and is hoping that some day it will be in 
press there, is one we should like especially to dis- 
courage. 

A source of never-ending wonder to the editor (and of 
irritation to the manuscript editors) is the manner in 
which authors prepare drawings for figures accompany- 
ing a manuscript. It is apparent that they and their 
draftsmen rarely take into account the possibility that 
said figures may require reduction. Or if they think of 
it they forget that the laws of proportion are in opera- 
tion when an engraver works. A two-inch letter may 
look large, but if it is placed on a six-foot drawing and 
the drawing reduced to suitable size the letter shrinkage 
is bound to be disastrous. Why draftsmen use so 
much expanse in the beginning is somewhat of a mys- 
tery, and many an editor must hope the paper shortage 
will at least spell the end of the mural-size drawings 
which have been coming their way in the past. With it 
also will go, we trust, the large oceans of waste space 
so many authors provide with their simple curves. 

From all of this, do not for a minute assume that sub- 
ject matter will not always count most in the final analy- 
sis. The scientific merits of an author’s work are 
what the editor and his critics have foremost in mind 
when decisions are handed down. But the purpose of 
scientific publication can never be fully achieved with- 
out high standards of authorship and this means good 
writing as well as good research. 

Our memorandum to authors is reproduced in full 
below, and, except for the arrangement of bibliography, 
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the directions could be followed to advantage in prepar- 
ing manuscripts for other journals than ours. 


TO AUTHORS 


INDUSTRIAL AND ENGINEERING CHEMISTRY is anxious to fulfill 


its obligations to contributors. 


However, certain details are the 


author’s responsibility and observance of the requirements listed 
below will be greatly appreciated by the editorial office. 


TITLE 
AUTHORS’ NAMES 


CONNECTIONS 


SYNOPSIS 


SUBHEADINGS 
REFERENCES 


MEETINGS 1. 


DRAWINGS 


Ue 
1. 


Have it brief and informative. 

Use given name and/or initials as pre- 
ferred. If but one initial, give name— 
i. é., James Smith, not J. Smith. 


Indicate place work was done. 

Give present address, if different, in foot- 
note on page 1. 

Include 100-150-word informative sum- 
mary to serve as reader guide. 

Indicate topics by short headings. 

List at end of article, in alphabetical order 
according to first author. 

Number consecutively and indicate refer- 
ence in text by appropriate numbers in 
parentheses. 

Give complete data. Do not indicate ma- 
terial as ‘‘In Press’’ unless actually ac- 
cepted for publication. Name of journal 
should then be included. 


Examples: (1)Comings, E. W., and Egley, R. 


1. 


S., Inp. Enc. CueEemM., 32, 714—- 
18 (1940). 

(2) Li, K. C., and Wang, C. Y., 

“Tungsten,” A. C. S. Mono- 
graph 94, p. 75, New York, 
Reinhold Publishing Corp., 
1943. 
Smallwood, H. M. (to U. S. 
Rubber Co.), Brit. Patent 
533,669 (Feb. 19, 1941); Cana- 
dian Patent 403,992 (April 7, 
1942). 


Indicate presentation before 
meetings by footnote at end. 
Avoid unnecessary figures. Calibration 
curves, for example, take space but con- 
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JOURNAL OF CHEMICAL EDUCATION 


PHOTOGRAPHS 


MANUSCRIPT COPY 


tribute little. If curve is straight line, 
that can be stated briefly. 

Have graphs and diagrams on tracing 
cloth or durable paper. If coordinate 
paper is used, cross-section lines not in- 
tended for reproduction should be light 
blue—never orange, green, or red. The 
latter do not “‘screen out.”’ 

Use black, waterproof ink for symbols, 
numbers, and letters. All lettering should 
be in capitals. 

Remember the laws of proportion when 
lettering figures. Be governed by over-all 
size of drawings in determining size of let- 
ter, etc., to use, allowing for reduction to 
reasonable publication size without im- 
pairing legibility. Reduced-size letters, 
symbols, and numbers should be at least 
1.5 millimeters in height. 

Avoid waste space. Arrange curves, leg- 
ends, symbols, etc., so no unnecessary 
area is included. 

Place captions beneath drawing. They 
will be set in type. 


Include pictures which emphasize com- 
mercial aspects of “Industrial Edition” 
articles. 

Provide clear, glossy prints. 

Devise caption and specify courtesy line 
if required. ; 


Type copy on letter size paper, double or 
triple spaced. 

Send original and at least one legible car- 
bon to editor. Ditto or mimeograph 
copies are unsatisfactory unless very clear. 
Copies should be complete (text and illus- 
trations). If pertinent references are ‘‘In 
Press,’’ provide copies for reviewers if 
possible. 


- If there are large drawings, reduced-size 


reproductions should be provided for re- 
view purposes. 

Use a consistent set of units of measure 
for text and figures. Metric is preferred. 
Equivalents may be included in paren- 
theses. 


ARE YOU A RIPE APPLE? 


(One of the things the world has learned about Hitler is that he’s always called 
his shots. His big ‘‘surprise’’ acts of the past really surprised the world because he 
did exactly what he said he was going to do—and we were either too uninformed or 
too complacent to believe him. Here’s something Hitler wrote in 1938. He’s tipped 
his hand again. Have we learned our lesson? Can we forestall him this time?) 

**4 defeated nation can even better than a victorious nation be trained and pre- 
pared for the day of final victory. It may happen that I can not win victory at once 
in this coming war; we may be forced to interrupt it. Then we all will be back under- 
ground. We will smile, we will look, we will wait. But after some years, when the 
weak and inefficient democracies will have utterly failed to solve the world’s postwar 
problems, then we will suddenly break loose from underground and our stupefied 
enemies will discover too late that millions of their own youth, misguided by weak 
education, disappointed by democracy’s failure, will be on our side. Victory in this 
third World War will be quick and easy. It will be in our pocket like a ripe apple we 
take from the falling tree of democracy.’’—Adolph Hitler, written in 1938. 
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Spot Reaction Experiments 
Part VII: Chemical Paradoxes 


FRITZ FEIGL 


Laboratorio Central da Produgao Mineral, Ministerio da Agricultura, Rio de Janeiro, Brazil 


(Translated by Ralph E. Oesper, University of Cincinnati) 


PARADOX is a completely unexpected contra- 

diction in properties, behavior, tenets, definitions, 
etc., the reverse of those that have gained acceptance 
by virtue of frequent trials, whose results have been 
consistently alike in type and sense. 

Certain compounds exhibit particular properties 
and reactions, which are so characteristic and typical 
that the mere possibility of a change in these attributes 
seems extremely remote. If, then, under certain cir- 
cumstances, such materials behave in a manner op- 
posed to these expected regularities, a chemical paradox 
is at hand. Such surprises occur and can be demon- 
strated experimentally. However, a rigorous examina- 
tion of these cases shows that chemical paradoxes 
seldom present genuine contradictions or real excep- 
tions to the accepted regularities. In most instances a 
seeming paradox arises because properties and changes 
in materials are regarded or defined too schematically, 
and insufficient emphasis is placed on certain factors 
that seem insignificant but which actually are of prime 
importance. Consequently, an accurate and critical 
review often will clear up chemical paradoxes, and 
provide an acceptable explanation. The contradiction 
or opposition to the norm then can no longer be main- 
tained. This paper deals with several chemical para- 
doxes, which, in truth, are merely apparent rather than 
real paradoxes. 

26. Hydrogen Peroxide as a Reducing Agent (Oxi- 
dizing Agents Undergo Mutual Reduction). Hydrogen 
peroxide furnishes oxygen readily (H,O. — H,O + O). 
It is a strong oxidant and consequently is often used 
in classroom discussions as an example of an oxidizing 
agent. Similarly, potassium permanganate, sodium 
hypochlorite, and potassium ferricyanide are cited as 
typical, widely used oxidants. Hydrogen peroxide 
reacts at once with solutions of these materials: 


2KMnQ, + 3H.0, > 2KOH + 2MnO; + 2H;0 + 30, 
NaOCl + H,0, — NaCl + H.0 + O, 
2Fe(CN)= + H.0. + 20H~ — 2Fe(CN)= + 2H,0 + 0, 
These equations present instances of the mutual re- 


duction of two oxidants. Hydrogen peroxide, in an 
alkaline solution, reduces auric solutions to free gold: 


Au+++ + 3H,0, + 60H- — 6H:0 + 30, + 2Au 
Logically the three foregoing reactions can also be con- 
sidered as instances in which the peroxide acts as re- 


ductant. This is contrary to its usual oxidizing action, 
and at first glance seems paradoxical. 


, out on a spot plate. 


An explanation of this amphoteric behavior with 
regard to oxidations and reductions is\obtained if it is 
noted that all oxidative actions of hydrogen peroxide 
result in its being changed into water. The change 
H,0, — H,0O represents a reduction of hydrogen per- 
oxide. This is in agreement with the invariable rule 
that in every redox reaction the oxidant is reduced 
and the reductant is oxidized. The foregoing equa- 
tions, which show hydrogen peroxide seemingly acting 
as a reducing agent, also show that the peroxide is con- 
verted into water. Consequently, the peroxide acts not 
as a reductant but rather, in the strictest sense, as an 
oxidant. The position taken here is that every true 
reductant must be oxidized. This cannot be the case 
in the present instances, because no oxidation product 
of hydrogen peroxide exists. Accordingly, while hy- 
drogen peroxide is not a reductant, nonetheless it un- 
doubtedly brings about reductions. The reason for 
the reducing action, just as for its oxidizing action, lies 
in the special way in which one of the oxygen atoms is 
bound. It is this particularly mobile and conse- 
quently easily removable oxygen atom that accomp- 
lishes both oxidation and reduction. When peroxide 
acts as an oxidant, this oxygen atom combines directly 
with the reducing agent, or is changed to water; when 
reductions occur, it combines with other oxygen atoms 
that are furnished by the real oxidants. 

Procedure: All these reactions can be best carried 
(a) One drop of dilute potassium 
ferricyanide solution is mixed with one drop of very 
dilute ferric chloride, and the mixture is then treated 
with one drop of hydrogen peroxide. The initial brown 
color (ferric ferricyanide) changes through green to 
blue (ferric ferrocyanide). (b) One drop of 0.1 N 
permanganate is mixed with one drop of dilute sulfuric 
acid, and the mixture is treated with one drop of 
peroxide solution. The red color is discharged within 
a few minutes. If permanganate is mixed with per- 
oxide and allowed to stand in the absence of acid, man- 
ganese dioxide precipitates. (c) One drop of gold 
chloride solution is treated with one drop of an alkaline 
solution of peroxide. A dark brown precipitate of gold 
appears at once. A violet colloidal suspension of gold 
results if an extremely dilute gold chloride solution is 
used. 

27. Sulfurous Acid Brings about Oxidations. Sul- 
furous acid is one of the commonest reducing agents. 
In aqueous solution, it abstracts oxygen from other 
compounds and is oxidized to sulfate. However, it is 
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easy to demonstrate, in at least two cases, that this 
acid (or its anhydride) can, directly or indirectly, bring 
about oxidation. This effect is in such contrast to the 
usual reducing action that a chemical paradox appears 
to be involved. 

A direct oxidizing action occurs when hydrogen sul- 
fide reacts with sulfur dioxide: 


H,SO; + 2H2S — 3H20 + 35 


The sulfur of both the participants is liberated. Since 
the change of S(4)— S(0) is obviously a reduction, 
while the change of S(—2)—>S(0) is patently an oxida- 
tion, and since these valence changes occur con- 
currently, a redox reaction is taking place. The hy- 
drogen sulfide is the reductant, and the sulfur dioxide, 
the indubitable oxidant.} 

An indirect oxidation brought about by sulfur 
dioxide is presented if this gas is allowed to react, under 
proper conditions, with moist nickel hydroxide. The 
hydrous nickelous oxide is converted into hydrous 
nickelic oxide, an oxidation which usually is accom- 
plished only by strong oxidizing agents such as bromine, 
persulfate, etc. This singular reaction was discovered 
by Haber.? It has been made the basis of a sensitive 
test for sulfur dioxide.* The mechanism of the reaction 
has not been wholly elucidated. Probably, basic 
nickel sulfate is formed initially: 


OH OH 
Ni€ NiC 
OH 


O. 
+ $0. > \s=0 +H.0 
: O 
OH NiC 
NiC OH 
OH 
This product absorbs oxygen from the air, forming 
nickel sulfate and nickel tetrahydroxide: 
/OH 
Nix 
>SO; + O2 + H2,0 — NiSO, + Ni(OH), 
Ni< 
‘OH 
Another explanation is that SO, (or H2SO3) forins an 
addition compound, SOQ2-O2, by taking oxygen from 
the air. This oxygen is assumed to be activated so that 
the following reaction occurs: 


According to.both explanations sulfurous acid does 
not directly bring about the oxidation of Ni(OH): to 
Ni(OH),, but orly induces it. The action is indirect 
and results from an autoxidation to which the H2SO; is 
subjected. The real oxidant is the oxygen of the at- 
mosphere, and, in truth, the SO. or (H2SO3) is oxidized 
along with the nickelous oxide. Thus the paradoxical 
behavior of SOs is clarified, if the focus of attention is 

1 See FEIGL, THIS JOURNAL, 21, 294 (1944). 

? HABER AND BRAN, Z. physik. Chem., 35, 81, 608 (1900). 


3’ FeIcL, ‘Laboratory Manual of Spot Tests,’ translated by 
OgspPerR, Academic Press, New York, 1943, p. 162. 
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not the external effect, but rather the chemism of the 
induced oxidation of nickelous oxide. 

Procedure: (a) One drop of sulfurous acid and one 
drop of saturated hydrogen sulfide water are mixed 
in a depression of a black spot plate. Sulfur precipi- 
tates. (b) Freshly precipitated, well-washed nickelous 
hydroxide is streaked on filter paper. The paper is 
laid across the mouth of a small test tube. A few milli- 
liters of a water solution of sulfur dioxide are run into 
the test tube from a pipet. The green nickelous oxide 
turns gray to black within a few minutes. 

28. Nitric Acid Is Not an Oxidant. Nitric acid is 
constantly called on when a strong oxidizing agent is 
needed. It has been found that the oxidizing action is 
due in reality to nitrite or nitrogen oxides. These are 
present in nitric acid, either before the action starts, 
or are formed and constantly replenished while the 
nitric acid acts. If the latter is perfectly free of nitrous 
acid (or nitrogen oxides), or if the nitrous acid (origi- 
nally present or produced by the reaction) is removed, 
the nitric acid becomes practically ineffective as an 
oxidant. Sodium azide, or hydrazoic acid, destroys 
nitrous acid immediately: 


HNO; + 3HN; — 2H20 + 5Ne2 


It has no effect on nitric acid. Many materials, which 
normally are oxidized almost instantaneously by nitric 
acid, no longer are attacked if sodium azide is added to 
the acid beforehand. Experiments illustrating this 
inhibiting effect are described in detail in Part I of this 
series of papers.‘ 

29. Aluminum Forms Hydrated Aluminum Oxide 
in the Air. Metallic aluminum, as is well known, is 
oxidized when it is heated or burned in the air. On 
the other hand, the possibility of converting consider- 
able quantities of the metal into its hydrated oxide 
without heating, and merely by the action of air and 
moisture, seems paradoxical at first sight. This re- 
action is easily accomplished if aluminum foil is treated 
with a drop of dilute mercuric chloride solution, allowed 
to dry, and then rubbed. Free mercury is produced 
(8HgCk + 2Al — 2AICl; + 3Hg) and amalgamates 
the aluminum. The latter is activated in this inter- 
metallic compound; in other words, it is much more re- 
active than the compact metal. Consequently it is 
autoxidized by the combined action of the air and mois- 
ture. Hydrated aluminum oxide results; the mercury 
is regenerated, and amalgamates more of the unchanged 
aluminum. This successive formation and decomposi- 
tion of aluminum amalgam makes it possible for even 
minute amounts of mercury to activate considerable 
quantities of aluminum and thus indirectly effect the 
production of large amounts of hydrated aluminum 
oxide. 

This seeming paradox of the oxidation of aluminum 
at room temperature can thus be satisfactorily ex- 
plained as due to the catalytic action of mercury. 

Procedure: Aluminum foil is freed of grease by wash- 
ing the metal with ether. One drop of 0.01 NV mercuric 


4 FeIcL, THIS JOURNAL, 20, 139 (1943). 
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' and hydrogen iodide. 
of these oxides with an excess of this salt is ignited, 


| companied by the disappearance of the oxide. 


» micro-crucible. 
| with about 15 times its bulk of NH4,lI. 


Jury, 1944 


chloride solution is placed on the clean foil. After one 
or two minutes, the solution is wiped off with filter 
Excresences, which consist of hydrated alum- 
inum oxide, appear in a short time. The same effect is 
obtained if mercuric iodide or sulfide is placed on the 
foil and rubbed with a cloth. The reactions, which 


| occur in the solid condition, are due to the liberation of 


mercury: 
3Hgl, + 2Al > 2AlI; + 3Hg 
3HgS + 2Al > ALS; + 3Hg 


30. Nonvolatile Oxides of Tin and Antimony Are 
Made to Disappear by Heating Them with a Volatile 
Compound. ‘Tin dioxide and antimony trioxide with- 
stand high temperatures. In contrast, solid ammon- 
ium iodide volatilizes when even gently ignited, be- 
cause it thermally dissociates into the gases, ammonia 
However, if a mixture of one 


is ac- 

Con- 
sequently, this presents an apparent paradox, in that a 
heat-resistant material is made to disappear by sub- 


the volatilization of the ammonium iodide 


jecting it to temperatures which normally do not affect 


it. 
The explanation lies in the fact that the mixture re- 


| acts chemically when heated, and all the products are 


volatile. At high temperatures the hydrogen iodide 
furnished by the dissociated ammonium iodide attacks 
the tin (or antimony) oxide: 


SnO, + 4HI — Sn, + 2H.0 


Stannic iodide boils at about 340° C. and consequently 
the tin is volatilized, not as oxide but as iodide. Since 
SbI; and AsI; boil in the neighborhood of 400°C., 
Sb,O3; and As,O; can likewise be made to disappear by 
igniting them with an excess of ammonium iodide. The 


| decomposition of SnO2 by conversion into SnIy, which 


is then volatilized, can be used to test the purity of 
$nOz.5 

Procedure: A little SnOz, or Sb2O3 is ignited in a 

After cooling, the residue is mixed 
The mixture is 
heated until the evolution of iodine vapors ceases. If 
the oxide has not volatilized completely, an additional 
quantity of ammonium iodide is added and the ignition 
is repeated. 

31. An Acid Sets a Base Free from a Salt. Weak 
acids are liberated from their salts by strong acids; 
likewise strong bases displace weak bases from their 
salts. Consequently, the notion that a base could be 
liberated from its salt by the action of an acid seems 
paradoxical. Nevertheless, this strange result can be 
actually achieved. If boric acid is added to a solu- 
tion of an alkali fluoride, they react at once. The 
products are the alkali salt of fluoboric acid and an 
alkali hydroxide: 


ona AND BurForpD, Ind. Eng. Chem., Anal. Ed., 8, 114 
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HBO; + 4KF ~ KBF, + 3KOH 


Hence this singular instance shows that a weak acid 
can liberate a strong base from a neutral salt. The key 
to the paradox lies in the formation of a stable complex 
compound. 

Procedure: The reaction is carried out on a spot 
plate. Potassium fluoride solution (1 per cent) is 
treated with one drop of 1 N boric acid, to which several 
drops of phenolphthalein have been added. The mix- 
ture turns red almost at once, indicating the production 
of a free base. 

32. Permanganate Is Not Capable of Oxidizing Oxalic 
Acid. One of the most familiar redox reactions is: 
5H2C.0; + 2KMnQ, + 3H2SO, = 2MnSO, + 10CO, + K.SO, + 

8H, 

Consequently, to state that permanganate is not ca- 
pable of oxidizing oxalic acid seems to present a para- 
dox that is contrary to extensive experience. Nonethe- 
less, permanganate does not react at all, or with 
extreme slowness, if the oxalic acid solution contains 
molybdate in addition to mineral acid. The molybdate 
is completely inactive toward permanganate. The 
paradox is only apparent; this strange effect can be 
explained. The familiar redox equation holds only for 
free, 1. €., ionogenically dissolved oxalic acid. The 
addition of molybdate produces no visible change, but 
in reality, the water-soluble complex molybdic-oxalic 
acid, H2MoO3-C.0,, is formed at once. This hetero- 
poly acid yields no, or only a few, C:O." ions, pro- 
ducing instead MoQO;-C,0,;- ions. The analytical 
properties of these two ionic species are entirely dif- 
ferent. The most striking difference, in the present 
connection, is that the complex ions do not react with 
permanganate. In other words, the oxalate ions are 
masked, or sequestered in the complex.® 

Procedure: Single drops of 0.1 N oxalic acid are 
placed in adjacent depressions of a spot plate. Four 
drops of 6 per cent ammonium molybdate solution are 
added to the first drop of oxalic acid, four drops of water 
to the other. Both mixtures are then acidified ‘with 
sulfuric acid (1:4), and one drop of 0.02 V permanganate 
is added to each. After the pure oxalic acid has dis- 
charged the color of the permanganate, three drops 
of permanganate are added to each of the samples. 
When stirred, the pure oxalic acid again discharges the 
permanganate color, whereas the specimen containing 
molybdate remains unaltered. 

33. Ammonium Polysulfide Brings about an Oxida- 
tion. Alkali sulfides, free sulfur, and alkali polysulfides 
are quite common reducing agents. The action is due 
to the readiness with which free sulfur and sulfide- 
bound sulfur are oxidized. Alkali sulfides are par- 
ticularly used as reductants in the preparation of or- 
ganic compounds. Consequently, it appears paradoxi- 
cal that a metallic compound can be oxidized through 
the action of an alkali polysulfide. This exceptional 
case is constantly used in the classical scheme of qual- 

(Continued on page 353) 


6 Feici, Z. anal. Chem., 74, 391 (1928). 
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cedures of many elementary laboratory manuals 
may be found in starting with a metal ore and working 
it up into a series of related compounds which display 
varieties of color and form. For example, take mala- 
chite ore. This ore reacts readily with acids and does 
not call for furnace treatment or other elaborate pro- 
cedures associated with bornite and chalcopyrite. 
Malachite ore is a_ basic copper carbonate, 
CuCO;-Cu(OH):. The pupil is provided with 50 to 100 g. 
of a good quality of this ore which is crushed to powder 
in aclean, dryiron mortar. The powder is transferred to 
a flask provided with a two-hole stopper. Through one 
hole is inserted the stem of a dropping funnel containing 
dilute sulfuric acid; the other hole receives the short 
arm of a delivery tube, of which the long arm extends 
into a bottle containing lime water or some other com- 
pound which will form a precipitate with the gas set 
free in the flask. When all is ready, the stopcock is 
opened and a small amount of the acid is allowed to fall 
upon the powder. The escaping carbon dioxide will 
react with the liquid in the bottle, producing a pre- 
cipitate. When action ceases more acid is admitted, and 
so on until it is evident that all of the reacting sub- 
stance in the powder has been used and only the 
gangue remains. Avoid excess acid. The precipitate 
in the bottle is filtered, drained, dried, and saved. 

The material in the flask is transferred to a filter, the 
residue washed with a little water and then discarded. 
The combined filtrate is used as follows: 10 to 15 cc. 
are placed in a crystallizing dish and set aside in a warm 
place until crystals form. These will be hydrated copper 
sulfate. They should be dried on blotting or filter paper 
and preserved at once in a tightly stoppered vial or 
tube, for they effloresce slowly if left exposed to the air. 

The remaining liquid is divided into two portions. 
One portion is subdivided into smaller portions to be 
treated with such precipitating agents as potassium 
ferrocyanide, sodium phosphate, potassium chromate, 
etc., to form a number of insoluble colored salts which 
are filtered, washed, dried, powdered, and preserved in 
neatly labeled tubes or vials. 

The second portion is to be converted into the soluble 
salts of copper. Since the acids of these salts are more 
volatile than is sulfuric acid it is best to proceed through 
the carbonate. Add enough sodium carbonate solu- 
tion to precipitate all the copper; filter, wash, and drain. 
Preserve a specimen of the copper carbonate. Divide 


\ PLEASING departure from the routine pro- 


the residue into portions to be treated, respectively, 
with dilute hydrochloric, nitric, and acetic acids. Filter 
if necessary. Remember that copper chloride dis- 
solves filter paper, so use shredded asbestos or glass 
fibers. The liquids are allowed to stand for spontaneous 
evaporation in a warm place free from dust. The re- 
sulting crystals are to be dried and preserved. Do not 
use heat to dry the copper chloride since it decomposes. 

Other copper products may also be prepared but the 
procedure is less simple. 

Cupromercuric lodide.—This red powder changes to 
black at a temperature around 75°C. It is used to 
paint the bearings of machinery. A black bearing 
shows that it is getting too hot. Dissolve 6.8 g. of 
mercuric chloride in 50 cc. of water. Dissolve 18.3 g. 
of potassium iodide in 100 cc. of water. Add exactly 
half of the iodide solution to the mercuric chloride and 
stir well. Let settle. Decant the clear supernatant 
liquid. Add the second half of the iodide. The red 
precipitate will dissolve, forming K2zHgly. Now adda 
concentrated solutiof of 12 g. of copper sulfate and 
pass sulfur dioxide into the liquid until a red powder 
is formed. Filter, drain, dry, powder, and preserve. 

While copper usually has a valence of two, it also 
has a valence of one, but less often. 

Cuprous Oxide.—Dissolve 10 g. of powdered copper 
sulfate crystals in water and add 3 g. of glucose in 150 
cc. of water. Heat to boiling and add 7 g. of caustic 
soda dissolved in 35 cc. of water. Boil for 10 minutes and 
cool rapidly. Let settle. Pour off the alkaline liquid. 
Filter off the reddish oxide. Wash, drain, and dry. 

A clean carbon rod connected to serve as cathode of 
a direct electric current, with a copper anode, is in- 
serted into a solution of copper sulfate contained in a 
beaker. Let the current flow until a good deposit of 
copper forms on the rod. 

The various specimens of copper and its compounds 
may now be assembled for an exhibit in such form as 
the student chooses. Such an exhibit, since it contains 
many solid substances of different colors and crystalline 
forms, is sure to arouse interest in the class or in the 
home. Work of this kind provides an opportunity to 
vary the usual procedures of the laboratory by furnish- 
ing a chance to apply methods and principles pre 
viously learned to the solution of a new, different, and 
interesting problem. The procedures involved are 
simple, absolutely devoid of danger, and within the 
capacity of any pupil of ability. 
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hae following item concerning the recent Cleveland 
meeting of the A. C. S. is reprinted from the May 
issue of Isotopics: 


Impressive toptones during the convention were the attendance 
and interest at the meetings of the Division of Chemical Educa- 
tion, and the registration of more than one out of every ten of 
the total membership in the Society. In the first case, it appears 
that the chemist and chemical engineer are realizing the im- 
portance of the professional status, that modifications of the 
methods of educating themselves as well as of educating the 
public about the chemist and the chemical engineer are necessary. 
In the second case, the registration was significant at this time 
because it proved our effort and willingness to share information 
to aid in the prosecution of the war effort and in the preparation 
for peace on the chemical front. 


e The recently announced synthesis of quinine is 
another example of necessity’s being the mother of 
invention. The synthesis was accomplished by 
chemists of the Polaroid Corporation, since quinine 
was essential in the preparation of the minute crystals 
responsible for the properties of Polaroid glass. When, 
early in the war, quinine was restricted to medical 
applications it seemed necessary to find a substitute. 
While hunting for this, the possibility of synthesis was 
also investigated. Both searches were successful; 
quinine can be made synthetically, and there is also 
another substitute available. 


e@ Anyone who is considering the plastics industry as 
a possible field for postwar employment will find 
helpful information in a six-page folder on Occupations 


in Plastics by Max Alpert, just published by Occupa- 
tional Index, Inc., New York University, New York 3, 
New York. Single copies are 25 cents, cash with order. 

The folder includes brief descriptions of 15 different 
jobs. In concise form it states the abilities and prepa- 
ration required, the methods of getting a job, average 
earnings, and the principal manufacturing areas. For 
those who wish more detailed information, the four best 
books have been selected from 58 sources examined in 
preparing the abstract. 


@ Women glass-molders are now making rough pres- 
sings of optical lenses and prisms of various kinds for 
use in submarine periscopes, height- and range-finders 
for anti-aricraft, artillery, and naval gunfire control, 
drift-meters for bombers, telescopes for tanks, binocu- 
lars, and other war instruments. 

Government labor analysts had said that this type 
of work was too arduous for women, but engineers of 
the Applied Optical Industries, Inc., Hamburg, New 
York, devised ingenious means for overcoming the 
drawbacks. Now women enjoy the work and are 
sharing in the honors of the Army-Navy “E”’ Produc- 
tion Award. ; 

Formerly such optical elements were ground from 
solid blocks of glass, a process requiring many hours, 
even days, of the most careful and expert grinding to 
make a single piece. This new molding process forms 
the most complicated shapes to within three one- 
thousandths of an inch of size in a matter of a minute 
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or less, leaving only a few minutes of final finish-grind- 
ing and polishing to complete the piece. 

This tremendous speed-up has had much to do with 
supplying our armed forces, and those of our Allies, 
with vital optical instruments, without which much of 
our war equipment could not function. 


@ Successful flight tests of an Army basic training 
plane equipped with a glass-reinforced plastic fuselage, 
side panels, and tail cone, have culminated a research 
program initiated by the Army Air Forces Matériel 
Command, Wright Field, and aimed at developing 
high-strength plastic structural materials for use in 
aircraft construction. 

The experimental plastic fuselage is of sandwich 
construction. The sandwich consists of a balsa wood 
core between an inner and outer skin of plastic re- 
inforced with fibrous glass cloth. Ground destruction 
tests of three fuselages of the same design—one of 
glass-reinforced plastic, one of metal, and one of ply- 
wood—indicate that for equivalent weight the glass 
sandwich fuselage is considerably the stronger. 

On a strength-weight basis the glass-reinforced 
fuselage is 50 per cent stronger than the metal fuselage 
and 80 per cent stronger than the wooden fuselage now 
in service. Firing tests have indicated that the glass- 
reinforced fuselage would be satisfactory under gunfire. 
The material did not flower and high explosive pro- 





Army Basic TRAINING WITH GLASS-REINFORCED PLASTIC FUSE- 
LAGE, SIDE PANELS, AND TAIL CONE 


jectiles failed to detonate because of the low density of 
the material. 

While plastics, including glass-reinforced plastics, 
are now widely used in aircraft construction, they have 
been employed in nonstructural applications. The 
Army Air Forces and the aviation industry have sought 
a high-strength, light-weight plastic material that can 
be molded into intricate shapes without high pressures, 
high temperatures or expensive molds, and that can be 
used for structural or nonstructural aircraft parts. 


@ The work of the engineer and the scientist in the 
world of today will be examined and a general inter- 
pretative study of the future of agriculture will be 
made in the 1944 Summer Workshop for Science 
Teachers at Teachers College, Columbia University, 
conducted by Dr. Samuel Ralph Powers, Head of the 
Department of the Teaching of Natural Sciences. 
The emphasis of the Workshop, which begins on July 
3, will be on two areas: the technological use of energy 
and materials and the utilization of science and tech- 
nology in agriculture. 

Dr. Powers explained that the purpose of the Work- 
shop is to help science teachers to interpret and under- 
stand the impact of technological advances on 
individual and community life. It is hoped that this 
better understanding will aid them to make science 
as much a part of the life of each individual as it is of 
this world. A triple program of study will be con- 
ducted by the Workshop to achieve this purpose. 
Consultants in science will present reports on scientific 
studies to Workshop members and discuss with them 
the effects of these studies on our society. Consultants 
in education will point out the educational implications 
of these research studies and their social effects. Par- 
ticipants in the Workshop will then have the opportunity 
in individual and group sessions to plan ways of adapt- 
ing their current science teaching to the needs of 
modern youth. 
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In the area of the technological use of energy and 
materials, particular attention will be given to recent 
scientific developments in such fields as housing, com- 
munications, and transportation. Mr. Waldemar 
Kaempffert, Science Editor of the New York Times, 
will serve as one of the several consultants in this 
section of the Workshop. Representatives of the 
United States Department of Agriculture and successful 
farmers will assist in conducting sessions dealing with 
the application of science and technology to agriculture, 
Specific problems such as soil culture and plant and 
animal breeding will be under discussion. 


@ Mellon Institute, 4400 Fifth Avenue, Pittsburgh 
13, Pennsylvania, is distributing gratis to interested 
specialists copies of a comprehensive review of the 
chemistry of cyclopentadiene with particular reference 
to its industrial applications in the production of 
plastics and in organic synthesis. In the same publica- 
tion the properties of dicyclopentadiene are also 
described. 


@ Synthetic rubber tire makers are disturbed by fires 
on tire fabric production lines, most of them blamed 
on the igniting of highly volatile rubber cement by 
static electricity. The electricity is generated in the 
unrolling of layers of treated cotton or rayon tire cords, 
which are separated by canvas liners, and it clings to 
the cords as they go into the successive process which 
involves the use of rubber cement. 

Officials of two of the nation’s largest tire manu- 
facturing companies have asked advice of Westing- 
house research engineers on how best to combat this 
fire hazard. 

Static electricity is created when friction causes 
electrons to be rubbed from the atoms in one object 
and adhere to an object of different characteristics. 
Such electrons are not very active and soon spend 
themselves, but while present are highly dangerous 
around volatile or explosive materials. 


@ Production of a true latex of vinyl chloride resin 
without using costly and dangerous solvents has been 
achieved. ‘“‘Geon’’ resin is dispersed with water, 
instead of with the flammable and toxic solvents 
formerly used, some of which are extremely critical as 
regards supply. 

The new Geon latex also will greatly increase the 
uses of this type of synthetic in peacetime. Some of 
its major potential applications are in coating paper, 
paper board, and boxboard; treatment of glass fibers 
and fabrics; manufacture of gloves and other products 
in which rubber latex has been used; treatment of 
leather for added wear and moisture protection; and 
use in corrosion-resistant paints. It may replace 
rubber latex in the insulation of electric wire or cable 
by the dipping method. The list of practical uses is 
expected to expand continuously. 

The new latex can be made to conform to fiber 
structure, thus allowing the materials treated to 
“‘breathe,’’ or it can be applied as a flexible, impervious 
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In clear or colored form, it can be brushed, 
It is more pliable and more 


coating. 
sprayed, or dipped. 


| thoroughly impregnates fabrics or fibers to which it is 


applied than older vinyl resins. Resistance to flame, 
increased wear, and easy cleaning are among the ad- 
vantages it is expected to bring to materials on which 
it is used. 


e@ The National Inventors Council of the Department 
of Commerce has repeated its call to all Americans to 
turn in ideas of potential value to the war effort to the 
Government. 

Formed in 1940 for the purpose of encouraging the 
public to submit inventions or ideas that might con- 
tribute to the effectiveness of the armed forces, the 
council has received some 200,000 ideas since its organi- 
zation. A staff of engineers and a system of technical 
committees are maintained by the council to evaluate 
these contributions and, if they are believed to have 
merit, to put them in the hands of proper authorities. 

The council itself is composed of outstanding Amer- 
ican inventors, scientists, and industrialists, all of whom 
have had wide experience in the development and 
utilization of inventions. 

Two reasons for emphasizing the nation’s need for 
the ideas of everyone, according to the council, are the 
unprecedented scale of this war, and thus the need for 
alleviating material shortages, and also the necessity 
for improvisation—for thinking up new ways to do 
things to solve constantly changing problems. 

Since the council’s purpose is only to sift ideas that 
may be of value to the war effort, it has no connection 
with the U. S. Patent Office. Its operations are closely 
guarded, however, as an adjunct of secret Army-Navy 
work, and therefore inventors who submit ideas are 
assured that they will be kept completely confidential. 
The following are examples of typical suggestions 
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on which the council has taken action and which have 
been put into production or satisfactory use by the 
armed services. 

An electrical firing device for the famous “‘bazooka”’ 
replaces the batteries that would otherwise be required. 
Now standard equipment, this device, operated by a 
trigger, creates an electrical impulse, which starts the 
rocket action of the bazooka. 

The signaling mirror, a simple device for saving the 
lives of men adrift at sea, is now standard equipment 
on all lifeboats and rafts. The mirror has, at its center, 
two fine lines crossing each other at right angles through 
which a person can sight, to get a bead on a 
distant plane. The mirror in this position will reflect 
rays of the sun correctly so that the signal can be seen 
by a plane many miles away. 

The war shut off American supplies of kapok, but 
a civilian scientist found that the floss of ordinary milk- 
weed may be used as a partial substitute. Now its 
uses include the lining in aviators’ clothing, the stuffing 
in life preservers, insulation and soundproofing, and 
the stuffing of furniture upholstery. 

Typical of the kind of inventive problems to which 
the armed services are at present seeking solutions are: 


A durable coating suitable for field application to reduce the 
glare from glass surface. 

An optical method of distinguishing the difference between 
an artificial green and a natural green. 

A voice-transmitting gas mask that would permit the wearer’s 
voice to be heard with clarity. i 

Protection against flame throwers. 

Design of life vest that automatically inflates and turns the 
man on his back when he is thrown overboard by concussion and 
is unconscious. 

Means of controlling fires in fighting tanks for a sufficient 
period of time to evacuate personnel. The process should not 


be injurious to personnel and should be manually controlled and 
operated. 







SPOT REACTION EXPERIMENTS 
(Continued from page 349) 


itative inorganic analysis. After the heavy metals 
are precipitated from acid solution by hydrogen sul- 
fide, the precipitate is digested with ammonium sulfide. 
This separates the “‘acid”’ sulfides (As, Sb, Sn) from the 
“basic’”’ sulfides, which do not dissolve in the am- 
monium sulfide. Yellow ammonium sulfide, which con- 
tains polysulfides, is always used in this production of 
the soluble sulfo salts of As, Sb, and Sn. The reason 
is that any divalent tin in the original solution will be 
precipitated by H2S as black SnS, which, in contrast 
to SnS:, is not soluble in colorless ammonium sulfide. 
However, stannous sulfide dissolves in yellow am- 
monium sulfide, because ammonium sulfo-stannate is 
formed: 


SnS oe (NH,)2S2 o> (NH4)2SnS3 
When the solution is acidified, yellow SnS, is de- 
posited: 


(NH,)2SnS; + 2HCl — 2NH,Cl + HS + Sns, 





The conversion of Sn(2)—Sn(4) is manifestly an 
oxidation. a 
Procedure: A small pinch of finely powdered sulfur 
is placed in a depression of a spot plate and moistened 
with two drops of alcohol. This serves to lower the 
surface tension of the sulfur and thus facilitates the 
wetting with ammonium sulfide, and then the poly- 
sulfide forms more readily. Five drops of colorless 
ammonium sulfide are stirred in; the yellow color sig- 
nifies the production of polysulfide. Five drops of 
colorless ammonium sulfide are placed in an adjacent 
depression. One drop of freshly prepared 1 per cent 
solution of stannous chloride is added to each of the 
liquids and stirred. A black precipitate, SnS, forms 
in the colorless ammonium sulfide. In the other de- 
pression, the precipitate appears and then dissolves, 
leaving a clear solution. If dilute hydrochloric acid 
is added to both specimens, the stannous sulfide re- 
mains unchanged, whereas yellow stannic sulfide pre- 
cipitates from the sulfo-stannate solution. 





Some Recent Trends 


in the United States Patent System 


WILLIAM S. HILL 


United States Patent Office, Richmond, Virginia 


LTHOUGH, for the most part, it is only the people 
most concerned who are aware of it, at present 
history is being made in our patent system. After 
several years of comparative inactivity, much legisla- 
tion concerning the patent system has recently been 
considered by Congress. More soon will come up for 
discussion. Some of this is an outgrowth of certain 
moves made by the Department of Justice in exposing 
“international cartels’ and ‘‘patent pools” both at 
home and abroad. As usual, the patent system itself 
was confused with the monopolies formed by a few large 
corporations allegedly violating our anti-trust laws. 
It looked for a time as though the Department of 
Justice, or certain elements of it, wanted to uproot the 
whole patent system or at least emasculate it. 

Here is how American industrialists and scientists 
reacted to the attack on our patent laws. 

Robert E. Wilson, a well-known industrial chemist, 
now president of Pan American Petroleum and Trans- 
port Company, New York City, devoted his speech 
to the problem upon being awarded the Perkin Medal 
January 8, 1943. He begins thus: 

“While the subject of my address is rather unusual for a Perkin 
Medallist, I feel sure that no apology is necessary for devoting 
my time to a matter which gravely threatens the whole future 
of industrial research and our national welfare. I refer to the 
recent widespread and unfair attacks upon our patent system. 
Unless we, as scientists, help to educate the lay publie as to the 
facts of the situation, ill-considered legislation may be adopted 
which would prevent the prompt and free exchange of new in- 
formation, destroy the market of the independent inventor, and 
discourage the continuance of American industrial research of 
which we are so justly proud.’”! 


Mr. Wilson went on to explain in more detail how 
American progress had been aided by patents. He also 
admitted, as did the Commissioner of Patents, Conway 
P. Coe, that patent laws do need changing from time 
to time because the world does move on and abuses 
of any law usually arise. He also pointed out that the 
Commissioner had suggested a number of administra- 
tive changes which had the general approval of those 
most concerned with patents and that most of these 
had already been adopted. 

Then Mr. Wilson took up each of the more radical 
changes that had been urged (not by Commissioner 
Coe) and commented upon it. 


Compulsory Licensing 


“The greatest objection to compulsory licensing in normal 
times is that it largely cancels the very reward the inventor was 
supposed to receive. It also interferes with the incentive of the 
patent owner or licensee to make a large investment in a new 


1 WILSON, ‘Research and patents,’’ Ind. Eng. Chem., Ind. Ed., 
35, 177-85 (Feb., 1943). 


development if he is faced with the possibility that he may at 
any time be forced to give a competitor a license on terms which 
are unpredictable...” 


Proposed Prohibition of Restriction in Licenses. ‘This 
refers to restrictions such as those of price, quantity 
permitted to be manufactured, geographical limita- 
tions, and limitations as to the use to be made of pat- 
ents. 

He stated that he could not argue strongly against 
restrictions as to price or quantity permitted to be 
manufactured under a license because his industry was 
tending away from those restrictions, itself. 


‘*”.. However, even such prohibitions would tend to discourage 
licensing or force up royalty rates in certain cases where a patent 
owner feels that such restrictions on first sale are necessary for 
his self-preservation.”’ 


Mr. Wilson regards the prohibition of geographical 
restrictions as a much more serious matter from the 
practical standpoint since it would discourage the now 
common practice of a manufacturer’s granting, at 
comparatively low rates, a license to another manu- 
facturer covering a certain restricted territory not in 
competition with his own. He also regards restrictions 
as to use just as unworkable. 

Mr. Wilson’s speech has been discussed. at some 
length, both because he is a competent authority on the 
use of chemical patents and because he picked out for 
comment those proposed changes which have most 
alarmed the patent profession and inventors in general. 

William E. Crawford, speaking at Marquette Uni- 
versity, tells of some of his experiences attending hear- 
ings of the Temporary National Economic Committee. 


“..Some of the most significant statements that I heard were 
made by Edsel Ford and his attorney, Mr. Farley. Ford and 
Farley testified that they did not ask royalty for patents that 
they hold, and that their company could proceed without pat- 
ents. Mr. Farley, however, emphatically stated that patents 
were necessary to perpetuate the small manufacturer and to aid 
the individual inventor... .’’? 


And finally we have a statement from a typical 
American businessman operating a small manufacturing 


business. He was asked to testify before the Senate 
Patents Committee. He made a statement of which 
the following excerpts are typical. 


“T am a ‘small-town’ American now fearful that our Congress 
and our Courts may be persuaded, under the pressure of prevail- 
ing panic, innocently to translate that panic into permanent 
paralysis. ... 


2 CRAWFORD, ‘“‘Speech presented October 1, 1942, before the 
combined engineering and technical societies of Milwaukee at 
Marquette University,” J. Patent Office Society, 25, 65 (March, 
1943). 
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“My company owns a number of patents and during its 24 
years has developed and marketed widely a variety of products 
embodying inventions of its own employees and of others... . 

“Were it my task, as a super-saboteur, to destroy America, I 
should certainly want to begin by destroying her patent system, 
thus to sterilize her entire economy.’’? 

The Patent Office, itself, is awake to the dangers 
threatening its effectiveness. It is no less awake to the 
realization that the patent statutes need some modern 
streamlining. Back in 1939 Commissioner Coe, in a 
statement before the Temporary Economic Committee, 
recommended several changes. Some of these im- 
provements have already been adopted. Others have 
been reaffirmed by President Roosevelt’s National 
Patent Planning Commission. 

The following is a listing of the changes proposed 
by the Commissioner together with a brief summary 
of the main reasons for proposing some of them. 

1. The ‘‘twenty-year bill’’—restricting the time be- 
tween filing a patent application and the time it expires 
to 20 years. The present period of 17 years does not 
begin to run until the date of issue of the patent. In 
the meantime it is possible that the patent applica- 
tion may be kept pending in the office for many years 
although three years is considered plenty of time to 
allow for the thorough prosecution of the application. 
Delay may be brought about by filing an original 
application, prosecuting it for two or three years to 
the point of issue, then filing a number of continuations, 
each of which delays the final issue of the patent for 
some time. There are many examples of applications 
kept pending for 10 years and some notorious cases 
of more than 20-year pendency. The idea is that a 
company, with Jittle regard for business ethics, may 
keep a patent application pending for so long that other 
competing companies begin to make and use products 
or processes infringing it. Then the clever corpora- 
tion gets into a long series of interference proceedings 
with the patents of its competitors as fast as they issue 
and later also starts many lucrative infringement 
lawsuits. 

2. Creation of a single court of patent appeals. A 
patentee must now seek protection against infringe- 
ment in a U. S. District Court. If either party is dis- 
satisfied with the outcome, appeal may be taken to a 
Circuit Court of Appeal. If infringement has taken 
place in more than one federal district, suit may be 
filed in another District Court. When conflicting 
decisions have been obtained in two District Courts a 
writ of Certiorari may be requested in order to appeal 
to the United States Supreme Court. If the Supreme 
Court refuses Certiorari additional suits may be filed 
in other District Courts, theoretically at least in some 
cases, until all 10 federal circuits are covered. A large 
corporation, fighting an inventor of limited means, 
can force its poorer antagonist to give up, since this 

’ ANDERSON, “Statement presented before the Senate Patents 


Committee, October 23, 1942,” J. Patent Office Society, 25, 2 ff. 
(January, 1943). 

* Cor, ‘Statement of the Commissioner of Patents before the 
Temporary National Economic Committee, January 16, 1939,” 
J. Patent Office Society, 21, 87 (February, 1939). 
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litigation is expensive. A single court of patent ap- 
peals with judges trained to handle patent cases would 
be of great benefit to the individual inventor. 

Creation of a court such as this should also result in 
more uniform standards of invention. As it is now, 
the treatment of patent cases varies greatly from court 
to court. Most judges did not get their positions be- 
cause of any scientific training they might have had. 

3. The elimination of the appeal from the decision 
of the Interference Examiner to the Board of Appeals 
within the Patent Office. This was to speed up inter- 
ference proceedings and has already been put into 
effect. 

4. The abolition of renewal applications. They 
tended needlessly to delay issuing of a patent, and the 
practice has now been discontinued. 

5. Shortening the period in which an inventor may 
make public use of his invention before filing his patent 
application, from two years to one year. ‘This, too, is 
now in effect. 

6. Shortening the time allowed an applicant for a 
patent to copy claims from an issued patent for the 
purpose of determining priority of invention, from two 
years toone. This provision is now in effect. 

7. Extending the authority of the Commissioner of 
Patents to allow him to require that an applicant respond 
to an office action in less than the usual six-month period. 
This, too, has now been granted. 

These reforms which have been made since 1939 are 
seen to be more or less in the nature of means to speed up 
the passage of an application through the Patent Office. 
They have had the expected effect of making it more 
difficult for a company deliberately to delay prosecution 
of important patent applications so that competitive in- 
dustry, all unsuspecting, could spend fortunes developing 
inventions which infringed the patents pending in the 
Patent Office, only to be faced with lawsuits for tre- 
mendous amounts of damages when the delayed pat- 
ents finally issued. There are still companies exploit- 
ing nationally known brands of merchandise, who, 
aided by “slick” patent attorneys, seek to prostitute 
the patent law by taking advantage of every excuse 
for delay they can devise, to hold back final issuance 
of important patents. The present tendency of the 
Patent Office, however, is to discourage such practice 
with every means at its command. The American 
inventor of limited financial resources should be heart- 
ened to know that the Commissioner of Patents is his 
most sympathetic and most able defender. 

Although there have been literally thousands of 
suggestions by various individuals proposing this or 
that change in or addition to the patent system, the 
only other series of recommendations which it is de- 
sired to take note of here is that of the National Patent 
Planning Commission.°® 

The National Patent Planning Commission was 
established by executive order of President Roosevelt, 


5“The American patent system,” report of the National 
Patent Planning Commission to the President, J. Patent Office 
Society, 25, 455 (July, 1943). 
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December 12, 1941. For about a year and a half the 
Commission was engaged in a study of the American 
patent system and its operation, finally submitting its 
report to the President, who transmitted it to Congress 
June 18, 1948. 

The Commission had a very competent personnel. 
Its chairman was Dr. Charles F. Kettering of General 
Motors, and the rest of its members were almost 
equally well known nationally. 

Introducing its report, the Commission said of the 
American patent system: 


‘“« . . The system has contributed to the growth and greatness 
of our nation; it has 

(1) ‘‘encouraged and rewarded inventiveness and creativeness, 
producing new products and processes which have placed the 
United States far ahead of other countries in the field of scientific 
and technological endeavor; 

(2) “stimulated American inventors to originate a major 
portion of the important industrial and basic inventions of the 
past 50 years; 

(3) “facilitated the rapid development and general application 
of new discoveries in the U. S. to an extent exceeding that of 
any other country; 

(4) “contributed to the achievement of the highest standard 
of living that any nation has ever enjoyed; 

(5) “stimulated creation and development of products and 
processes necessary to arm the nation and to wage successful 
war; 

(6) “contributed to the improvement of the public health and 
the public safety; and 

(7) “operated to protect the individual and small business 
concerns during the formation period of new enterprise. 

“The strongest industrial nations have the most effective 
patent systems, and after a careful study, the Commission has 
reached the conclusion that the American system is the best 
in the world. However, as with any system of long standing, 
conditions arise which were not foreseen at the time of its estab- 
lishment. The American patent system should be adjusted to 
meet existing conditions without destroying its basic principles.”’ 


Among the specific recommendations made by the 
Commission are the following: 

1. Recording of contracts. It was recommended 
that there should be recorded in the Patent Office all 
agreements (a) to which one of the parties is a citizen 
of a foreign country; (6) any present agreement in- 
cluding any restrictions as to price, quantity of pro- 
duction, geographical areas, or fields of use; (c) all 
future agreements of any nature. 

2. No compulsory licensing except in the case of 
patents affecting national defense, public health, and public 
safety. 

3. Opportunity be accorded any member of the public 
to challenge the validity of any patent within six months 
after its grant. This is an admission that it is impossible 
for the examination of applications in the Patent Office 
to uncover all possible ‘‘prior art’’ that might prevent 
the issue of the patent. The issuance of many invalid 
patents has resulted from the inability of the patent 
examiner to make a complete search through patents 
and other publications in the limited time allotted 
to him. 

Through this provision it would be possible to have 
brought to the attention of the Patent Office any evi- 
dence bearing on the validity of a patent. Industry 
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is often in the best position to know of the existence 
of facts which might prevent the grant of a particular 
patent. The Patent Office could then reéxamine its 
decision in the light of the new evidence and might re- 
voke its grant. Appeal could be taken through the 
usual channels. 

4. Public register of patents available for licensing 
with the Commissioner of Patents empowered to fix the 
terms when patent owner and interested party are not able 
to agree. 

3. Declaration of a national policy that would at- 
tempt to establish a uniform standard of invention. There 
is a wide discrepancy at present between the standard 
of invention found in the Patent Office and that ad- 
hered to by some of the federal courts. Each judge 
seems to have his own personal ideas on the subject, 
and at least some of the Supreme Court justices prob- 
ably have the most awesomely high standards of all. 
The Commission has recommended that patentability 
shall be determined objectively by the nature of the 
contribution to the advancement of the art, and not 
subjectively by the nature of the process by which 
the invention may have been accomplished. Actually 
this seems to be somewhat of a disagreement with the 
Supreme Court because of one of its 1941 decisions, of 
which more will be said later. 

6. Simplifying appellate procedure in the review of 
decisions of the Patent Office Board of Appeals. An 
applicant who has received an adverse decision re- 
garding patentability from the Patent Office may now 
either appeal to the Court of Customs and Patent 
Appeals or file suit against the Commissioner oi 
Patents in the U. S. District Court for the District 
of Columbia. The Commission recommends dropping 
the latter procedure and confining jurisdiction to the 
former court which is better qualified to deal with pat- 
ent cases. 

7. Adoption of the ‘20-year bill.’’ The Commission 
thus reaffirms the recommendations made in 1939 by 
Commissioner Coe. 

8. Creation of a single court of patent appeals for 
all U. S. districts. This is also a reassertion of Mr. 
Coe’s earlier suggestion. The Commission recom- 
mends that the Court of Customs and Patent Appeals 
is the logical court to which to take all such appeals and 
that the Court could easily be enlarged to handle the 
increased load. 

The existence of the National Patent Planning Com- 
mission did not terminate with the submission of this 
fine report. It is now engaged in further study of the 
patent system and proposes to issue further summaries 
of its findings. 

It is plain to see that the Commission has attempted 
to solve the most troublesome problems connected 
with the workings of the patent system. These prob- 
lems may broadly be stated as follows: 

1. First, to give more assurance that after an in- 
ventor has received his patent he really has a valid one. 
At present, too many prove to be worthless when at- 
tacked in the courts. Sometimes this is due to the 
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inability of the Patent Office to uncover all facts when 
the patent application is prosecuted before it. Just 
as often it is due to the lack of uniform standards of 
patentability in the district courts. It must seem to 
the bewildered inventor that some of the district courts 
wouldn’t know a valid patent if they did see one. 

2. The other main idea appears to be to make it 


| possible for the inventor of limited means to get his 
F patent and defend it without spending a small fortune. 
| The obtaining of a patent from the Patent Office is not 


unreasonably expensive unless interference proceed- 
ings are involved. But the fighting of infringement 


' suits through the U. S. District Courts often requires 


plenty of financial backing. 

Regarding the recommendation on the establish- 
ment of more uniform standards of patentability, some- 
thing must be said about the Supreme Court decision 
This decision was rendered in 


S.Ct. 37; 51 U.S.P.Q. 272. Mr. Justice Douglas 


i wrote the opinion of which the part that has excited 
' most of the patent profession appears below:* 


“Since Hotchkiss v. Greenwood 1851, 11 Howard 248, it has 


B been recognized that if an improvement is to obtain the privileged 


position of a patent more ingenuity must be involved than the 
work of a mechanic skilled in the art. 
“That is to say, the new device, however useful it may be, 


| must reveal the flash of creative genius, not merely the skill of the 


calling. If it fails, it has not established its right to a private 
grant on the public domain. 

“Tested by that principle Mead’s device was not patentable. 
We cannot conclude that his skill in making this contribution 
reached the level of inventive genius which the Constitution, 
Article 1, Section 8, authorizes Congress to reward.” 

Those innocent little words ‘‘flash of creative genius” 
have truly started an avalanche of comment which 
hasn't subsided entirely yet. Does the Patent Office 
have to decide whether or not the inventor has ex- 
hibited the ‘‘flash’’? It is not difficult to see that a 
doctrine such as this could lead to a great deal of con- 
fusion. Now go back to the National Patent Planning 
Commission’s recommendation number 5 and see if 
you do not agree with the writer’s comment stated 
there. 

As a matter of sober fact, however, the Patent Office 
as well as any court does, for the most part, require 
that more than mere mechanical skill be shown by an 
inventor. If the improvement is perfectly obvious 
or is one which is so simple that any mechanic or 
laboratory technician would have thought of it, it is 
not regarded as novel enough to be patentable. The 
confusion lies in where to draw the line. What is mere 
mechanical skill and what is ‘‘patentable novelty”’ or 
“flash of creative genius’’ or whatever name you choose 
to call it? Most of the adverse comment on this de- 
cision has come from those who think that this sets 
the standard of patentability too high and out of reach. 

To illustrate just how difficult it is to establish a 
uniform standard of patentability, éne of the Supreme 


Italics supplied. 


Court's most recent patent decisions will be noted. The 
members of our highest tribunal cannot even agree 
among themselves as to what constitutes invention, 
let alone agreeing with the Patent Office and the lower 
courts. The decision was rendered in a lawsuit in- 
volving one of America’s really historic patents. This 
was patent No. 763,772 granted June 28, 1904, to 
Marconi for an improvement in wireless telegraphy. 
The cases were Marconi Wireless Telegraph Co. of 
America vs. The United States; The United States vs. 
Marconi Wireless Telegraph Co. of America. The 
cases were numbered 569 and 373 and were decided 
June 21, 1943, and published in the Official Gazette 
556 O.G. 339 (Tuesday, November 16, 1943) 

Ever since it was granted in 1904 this patent has 
been in and out of the courts and is just another argu- 
ment for the adoption of some of the recommendations 
of the National Patent Planning Commission. Mar- 
coni’s reputation does not stand or fall on this patent, 
it is true. That great inventor had many patents 
issued to him. However, this patent was regarded 
as one of his basic grants. Now, after almost 40 years, 
our highest court holds that the only valid claim in 
the patent is claim 16. It doesn’t seem to matter that 
the now obvious and seemingly small advance which 
that one patent represented at that date marked a 
great step forward in wireless telegraphy by greatly 
extending the distance across which messages could 
be sent and received. To anyone skilled in modern 
radio science the change which Marconi made back 
about 1900 (when the application for patent was 
filed) doesn’t look very big. But back around 1900 
it did. 

Mr. Chief Justice Stone wrote the majority opinion 
of the Court, and a very logical and convincing one 
it seems. The writer is not in any way seeking to dis- 
credit the wisdom of the Chief Justice but is simply 
trying to prove his point that to establish a uniform 
standard of patentability is difficult. Justices Frank- 
furter, Roberts, and Rutledge dissented in part from 
the majority opinion. : 

The patent which the Court used to invalidate Mar- 
coni’s grant was one issued to Stone (not the Chief 
Justice, of course) on February 2, 1902. The decision 
is written around the opinion that Marconi’s patent 
involved no invention over Stone’s, although Stone 
apparently never accomplished the results that Mar- 
coni did. Naturally many other factors could have 
entered in there. There were two different dissenting 
opinions. They are both more interesting than the 
majority opinion. Mr. Justice Frankfurter apparently 
tried to get at the equities of the case. He said, in part, 
with Mr. Justice Roberts concurring: 

“The real question is how significant a jump is the new dis- 
closure from the old knowledge. Reconstruction by hindsight, 
making obvious something that was not at all obvious to superior 
minds until someone pointed it out—this is too often a tempting 
exercise for astute minds. The result is to remove the oppor- 
tunity of obtaining what Congress has seen fit to make available. 


‘The inescapable fact is that Marconi in his basic patent hit 
upon something that had eluded the best brains of the time 





working on the problem of wireless communications—Clerk 
Maxwell and Sir Oliver Lodge and Nikola Tesla.... The fact 
is that they did not have the ‘flash’ (a current term in patent 
opinions happily not used in this decision) that begot the idea 
in Marconi which he gave to the world through the invention 
embodying the idea. But it is now held that in the important 
advance upon his basic patent Marconi did nothing that had not 
already been seen and disclosed. 

“To find in 1943 that what Marconi did really did not promote 
the progress of science because it had been anticipated is more 
than a mirage of hindsight... .” 


Mr. Frankfurter’s dissent started a real old-fashioned 
backyard brawl between Roberts and himself on one 
side and the Justices who had voted with Stone on the 
other. The dissenters were accused of disregarding 
the legal merits of the case. The writer is not taking 
sides and is of the opinion that this particular dis- 
agreement was just one episode in the rift that has been 
apparent in the Court for some time. 

Mr. Justice Rutledge wrote his own dissenting 
opinion on this case. The first paragraph of his 
opinion follows: 


“Until now law has united with almost universal repute in 
acknowledging Marconi as the first to establish wireless teleg- 
raphy on a commercial basis. Before his invention, now in 
issue, ether-borne communication traveled some 80 miles. He 
lengthened the arc to 6000. Whether or not this was ‘inventive’ 
legally, it was a great and beneficial achievement. Today, 40 
years after the event, the court’s decision reduces it to an electrical 
mechanic’s application of mere skill in the art.” 


JOURNAL OF CHEMICAL Epucation 


This is simply one of the latest illustrations of the 
attempt of the courts to define what is or is not patent- 
able. Do not make the mistake that this decision and 
many others like it do not concern all chemists. Many 
chemists reading this either have already or will ob- 
tain patents. Therefore it is only the part of wisdom 
for chemists to keep themselves informed as to how their 
Congress and their courts are dealing with the patent 
right secured to them in the Constitution. 

The patent examiner is very much concerned that 
the courts do not have the same standards of adjudging 
the merits of a patent as he himself has. His stand- 
ards, which are, of course, the standards of the Patent 
Office, should be neither higher nor lower than those 
of all tribunals which may pass on the validity of pat- 
ents he helps to issue. While no definite conclusion 
as to whether the standards of the Patent Office should 
be higher or those of the courts lower will be attempted 
here, almost anyone would be forced to admit that if 
the Patent Office regarded inventiveness as does the 
Supreme Court and many District Courts, there would 
be very few patents issued. This in turn would greatly 
discourage the filing of patent applications and the 
very purpose which the courts are honestly trying to 
serve would be defeated. Instead of defending the 
public from those who would harm it, we would be 
depriving science and industry of the disclosures which 
it must have to keep advancing. Let us not return to 
the day of secret processes. 


Whats Been Going Ou 


NEW dry chlorite-chlorine process, which makes the 
powerful oxidizing and bleaching compound chlorine 
dioxide available for industrial purposes, was described at the 
recent meeting of American Institute of Chemical Engineers by 
E. R. Woodward of the Mathieson Alkali Works. 
Because of its instability, chlorine dioxide must be generated 


at its points of use. The development of a method which makes 
this practical is expected to be followed by various industrial 
applications, since the oxidizing power of chlorine dioxide in 
terms of ‘‘available chlorine’’ is 21/2. times that of chlorine. 

Chlorine dioxide has already proved to have specific values in 
improving taste in public water supplies, checking blue mold in 
citrus fruits, and reducing spoilage in canned foods. On an 
experimental scale, sterilizing the atmosphere with chlorine 
dioxide increases the yield of penicillin. 

In the maturing and bleaching of flour, chlorine dioxide has 
demonstrated its superiority over other chemicals, and it is ex- 
pected to prove useful also for bleaching such products as starch, 
soap, paper, and textiles. 


Crossbow Plays Modern Scientific Role 


HE crossbow, storied weapon of medieval times, is being 

used by Westinghouse research engineers as a helpmate to 
one of the most modern of scientific instruments, the electron 
microscope. 

Fashioned from tough, flexible steel and mounted on a wooden 
stock, the crossbow shoots an arrow that draws out quartz 
filaments so fine it would take 60 of them to make the thickness 
ofahumanhair. The filaments—!/s0,000 of an inch in diameter— 
are used to measure, or calibrate, the magnifying power of the 
electron microscope. 


To make such a very delicate thread requires a high initial 
burst of speed that ‘‘spins out’’ the quartz while it is in a hot, 
fluid state and before it has a chance to cool and harden. The 
crossbow is about the simplest and most efficient instrument for 
doing this. 

Since the electron microscope magnifies objects many thou- 
sands of times, scientists need a very minute “‘measuring stick” 
by which to gage its power. A human hair, for example, seen 
under the microscope at its greatest magnification would resemble 
a cable almost two feet thick. 

Some of the filaments drawn by the bow are so delicate that 
they are invisible to the naked eye when viewed under direct 
light, the engineer reported. In order to be seen they must be 
held at eye-level against a strong light. The light glances off 
the shiny filament, scattering its rays in different directions and 
making the filament appear much larger than it actually is. 
When the Westinghouse engineer wants to replenish his supply 
of filaments, he places the crossbow in firing position and attaches 
a small, cylindrical piece of quartz to the end of the arrow. 
Using a very hot flame from an oxy-hydrogen torch, he heats 
the quartz until it is just about to melt. 

Then he pulls the trigger. The arrow darts from the bow at 
high speed, trailing behind it gossamer-like threads of quartz. 
Unbroken pieces up to 20 feet in length are not unusual, but 
more often the filaments are dispersed in smaller sections through- 
out the route the arrow takes. They are extremely flexible and 
can be wound around the finger like thread. 

To measure the actual thickness of the filament, it is first put 
under the electron microscope and gaged by other methods of 
comparison. Once its diameter has been fixed accurately, it 
becomes a “‘measuring stick”? for determining the magnifying 
power of the electron microscope. 
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tent- 
a N Shell News for May, 1944 (Shell Oil Company, 
eh. 50 West 50th St., New York City), is the story of 


Avaro (aviation aromatics). Modern fighting air- 
craft fuels must contain aromatics, the hydrocarbons 
which vastly improve gasoline performance in super- 
charged engines. A method to produce blending stocks 
rich in aromatics was developed at the Curagao re- 
finery, but large-scale equipment was necessary be- 
fore the method could be put to use. And it was 
necessary to perform the task without building new 
plants and without using as raw material any portion 
of the crude oil from which other war products were 
being manufactured. 


















In almost all oil refineries there are thermal cracking plants 











ted in which the petroleum fractions are exposed to high tempera- 
t if ture and pressure to break them down into particles of different 
the types and properties. The so-called ‘cracked gasolines’’ made 
uld by this process, while of high value for motor fuel, were not 
ve suitable for modern aircraft engines. These ‘‘cracked gasolines’”’ 
tly § contained too many unsaturated hydrocarbons which were un- 
the F satisfactory since they tended to form gums when used in air- 
to craft engines. 

the As gasoline rationing went into effect and civilian consumption 
of gasoline was cut to a bare minimum the prospect was that 





much of the thermal cracking equipment would be left idle and 
hence play a comparatively minor role, if any, in the war effort. 

Here, then, on one hand was idle equipment; on the other, 
an important process . . . new and proved: the problem was to 
fit the two together without drastic changes in the thermal 
» cracking units... . 

The engineers produced a unique arrangement of the coils and 
columns of the cracking and fractionating units which made 
| it possible to separate cracked and uncracked materials in a 
closely controlled process. Petroleum fractions ordinarily un- 
suitable were charged to this apparatus to yield a highly aro- 
matic product, which, after chemical treatment, was completely 

satisfactory for use as an aviation base stock. 














' The properties of regenerated cellulose are described 
in interesting fashion in the April, 1944, number of 

| Dyestuffs (National Aniline Division, Allied Chemical 

& Dye Corporation, 40 Rector St., New York City). 

_ A number of varieties of ‘‘rayon’’ are made by dis- 

solving cellulose or its derivatives and regenerating 

| it again. The properties of the final product differ 
from those of the original cellulose. 









Everywhere one turns are accounts of the applica- 
| tons of chemistry in the war operations. Another, 












first job is to remove the lacquer. 











Here and There in the Jnade Literature 


Du Pont lacquers are noted for their excellent adhesion properties. 
one exception—a special lacquer which is used as a shop coat on the aluminum-alloy 
sheeting used in fabricating warplane bodies. 
its surface is susceptible to damage in handling so that a lacquer must be applied 
over it for protection during assembly operations. 
That is now an easy task for the film can be pulled 
off the surface as easily as if it were a piece of cellophane wrapped around a piece 
of candy. Poor adhesion is one of the special virtues of this quick-drying lacquer. 
Additional information may be obtained from the Fabrics and Finishes Department. 
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and a good one, is to be found in Esso Otlways for May, 
1944 (Penola, Inc., 26 Broadway, New York City). 


The search for an ideal substitute for blood has been 
greatly accelerated in recent years. Every war or 
civilian casualty brings the need close to home. This 
is further described in ‘‘Blood substitutes” in the spring 
number, 1944, of Research Today (Lilly Research Lab- 
oratories, Eli Lilly & Company, Indianapolis, Indiana). 


An article entitled “Galvanic corrosion may be 
avoided,”’ in the Spring Edition of Jnco (International 
Nickel Company, 67 Wall St., New York City), is good 
reading for teachers and students of chemistry. An- 
other article describes how special heat-treating 
practices fortify steel against subzero temperatures. 


We have yet to see a number of The Lamp (Standard 
Oil Company of New Jersey, 30 Rockefeller Plaza, 
New York City) which didn’t contain several items of 
interest. The April, 1944, number is no exception. 
First, it presents an optimistic view of the future of 
oil production. ‘‘Count on enough oil” is more than 
just the title of an article. Another, “The gas that 
gives us rubber,’’ details the production of butadiene 
from petroleum. Another, “Smoke is saving lives,”’ 
is an account of the development of military smoke 
generators which use petroleum according to the method 
invented by Dr. Irving Langmuir 


Chemistry has its applications even in meteorology. 
Some of these applications are described by Niels 
Beck, Chief Meteorologist at Parks Air College, in 
the May, 1944, issue of the Monsanto Magazine (Mon- 
santo Chemical Company, St. Louis, Missouri). 


Something more on the popular subject of penicillin 
production is to be found in the April, 1944, number of 
What's New (Abbott Laboratories, North Chicago, 
Illinois). Continuing the excellent series of repro- 
ductions of naval paintings, this month we find a ¢ol- 
lection of pictures of ‘‘The silent service,’’ our under- 
seas Navy in action. 


Steel Horizons, vol. 6, no. 2 (Allegheny Ludlum Steel 
Corporation, Brackenridge, Pennsylvania), goes all 
out for the military, being almost exclusively devoted 
to ‘‘The story of Wright Field.” 





But there’s 
Factory-coated with aluminum oxide, 


After the riveting, the painters’ 








NEW ENGLAND ASSOCIATION 
of CHEMISTRY TEACHERS 


OFFICIAL BUSINESS 


226th Meeting—May 6, 1944 
Mechanic Arts High School 


Boston, Massachusetts 


FOLLOWING a welcome by Mr. James W. Dyson 
to the Mechanic Arts High School, the N.E.A.C.T., 
the New England Biological Association, and the 
Eastern Association of Physics Teachers shared the 
following program: ‘‘The Army method of instruc- 
tion,’ Capt. John P. Dempsey, Chief of Visual Aids, 
Signal Corps, First Service Command, Boston, Massa- 
chusetts; ‘Postwar teachiiug problems,’ George H. 
Blackwell, Science Master, Groton School, Groton, 
Connecticut; “‘The national search for scientific tal- 
ent,’ Harlow Shapley, President of Sigma Xi, Harvard 
College Observatory, Cambridge, Massachusetts. The 
address by Capt. Dempsey included a film used by the 
Army as a visual aid in teaching officers how to teach. 
Some of these aids are available to groups of teachers 
through the Signal Corps of the First Service Command 
in Boston. In the afternoon, the N.E.A.C.T. heard a 
talk by Charles A. Schmitt, Carter’s Ink Company, 
Cambridge, Massachusetts, entitled, ‘“The chemistry of 
writing inks.’’ Mr. Schmitt, who has been a chemist 
with the Carter Ink Company for 52 years, related some 
of the experiences he has had in court cases involving 
the use of inks in signatures, forgeries, wills, and extor- 
tion notes. 

The following is an abstract of the business meeting. 
Election of officers: 


President: Millard W. Bosworth, Vermont Academy, 
Saxtons River, Vermont 

Vice-President: Eldin V. Lynn, Massachusetts College 
of Pharmacy, Boston, Massachusetts 

Secretary: Raymond E. Neal, Simmons College, Bos- 
ton, Massachusetts 

Treasurer: Theodore C. Sargent, Swampscott High 
School, Swampscott, Massachusetts 

Curator: G. Davis Chase, Jr., Senior High School, 
New Britain, Connecticut 

Auditor: §S. Walter Hoyt, Mechanic Arts High School, 
30ston, Massachusetts 


Trustee of the Endowment Fund: 
ford, Massachusetts 
Division Chairmen: 
Central Division, Helen S. French, Wellesley College, 
Wellesley, Massachusetts 
Southern Division, Clinton S. Johnson, Rhode Island 
College of Pharmacy, Providence, Rhode Island 

Western Division, Rev. Joseph A. Martus, S.J., Cran- 

well Preparatory School, Lenox, Massachusetts 

Northern Division, John Hogg, Phillips Exeter 

Academy, Exeter, New Hampshire 

The secretary reported the current membership to be 
392, which is the highest attained since the inception of 
the Association. The average attendance this year was 
76. 

The trustees reported a trust fund of more than $1800 
and recommended that members who were so inclined 
might well buy a war bond and designate the Associa- 
tion as beneficiary. Although the trust fund is not 
needed at present, a larger fund might be needed in the 
future and this idea was suggested as a means of in- 
creasing it. 


Mary B. Ford, Mil- 


NEW MEMBERS 


Raymond R, Andrews, University of Connecticut, Storrs, Con- 
necticut 

Helena I. Dunn, Ward Senior High School, Westerly, Rhode 
Island 

Gertrude T. Eastman, High School of Commerce, Worcester, 
Massachusetts 

Richard P. French, Bloomfield High School, Bloomfield, Con- 
necticut 

Jean V. Johnston, Connecticut College, New London, Con- 
necticut 

John P. Lane, Phillips Academy, Andover, Massachusetts 

Mildred R. Newlin, Connecticut College, New London, Con- 
necticut 

Edward W. Whitmore, Memorial High School, Middleboro, 
Massachusetts 

George E. Zink, Brooks School, North Andover, Massachusetts 


SIXTH SUMMER CONFERENCE 


As announced in the June issue of Tu1s JOURNAL, the 
cost of meals and lodging at the Sixth Summer Con- 
ference, New London, Connecticut, August 24-8, will 
be $3.00 per day or $12.00 for the entire conference. 
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Juty, 1944 


All members and others in attendance must register to 
help carry the expenses of the conference. The sched- 
ule of registration fees is as follows: 


$3.00 if paid before August Ist. 

$4.00 if paid after August Ist. 

Nonmembers: $6.00 includes membership in the Association 
and subscription to TH1s JOURNAL for one-half year. 

Nonprofessional guests: $1.50. 


Members: 


All correspondence about the conference should be 
addressed to Miss Helen Crawley, 45 Lawton Road, 
Needham, Massachusetts. 

The following tentative program has been outlined: 


First SESSION—Thursday Evening, August 24 
Motion picture—Millard W. Bosworth, Vermont Academy, 
Saxtons River, Vermont 
Welcome—Katherine Blunt, President, Connecticut College, 
New London, Connecticut 
“Chemists, capitalists, and Communists,’’ Williams Haynes, 
Stonington, Connecticut 


SECOND SESSION—Friday Morning, August 25 
Speaker on oxidation and reduction 
“Victory in the ocean,” representative of the Dow Chemical 
Company, Midland, Michigan 
“Behind the plate,’’ George A. Hogaboom, formerly Chief 
Electroplating Consultant, WPB, Conservation and Sub- 
stitution Division 


TuirD SESsSION—Friday Afternoon, August 25 

“Demonstrations of gas laws,”’ Rev. Bernard A. Fiekers, S.J., 
Holy Cross College, Worcester, Massachusetts 

‘Demonstrations,’ Elbert C. Weaver, Phillips Academy, 
Andover, Massachusetts ; 

Round table discussion on oxidation-reduction—Mary C. 
McKee, Connecticut College, and Norris W. Rakestraw, 
Brown University, Providence, Rhode Island 


FourtH SEssion—Frjday Evening, August 23 
Motion picture —Millard W. Bosworth, Vermont Academy, 
Saxtons River, Vermont 
“Wartime production of ethyl alcohol,’ Philip A. Singleton, 
Monsanto Chemical Company, Everett, Massachusetts 


FirtH SEsstion—Saturday Morning, August 26 
Speaker on oxidation and reduction 
“Women in industry,’’ Lois Woodford, American Cyanamid 
Company, Stamford, Connecticut 
“Comprehensive survey of synthetic medicinals,’”’ C. Pauline 
Burt, Smith College, Northampton, Massachusetts 


SixtH Sess1on—Saturday Afternoon, August 26 
Business Session 
“Leather chemistry,’’ Kenneth E. Bell, Lawrence Leather 
Company, Peabody, Massachusetts 
Oxidation-Reduction round table—McKee and Rakestraw 


SEVENTH SEssion—Saturday Evening, August 26 
Motion picture—Millard W. Bosworth, Vermont Academy, 
Saxtons River, Vermont 
Topic and speaker not announced 


E1cutH SEssion—Sunday Afternoon, August 27 
Topic of general interest 


“Electronics,’’ speaker not announced 
Reception to ex-presidents of the Association 


NINTH SEssion—Sunday Evening, August 27 
“Yellowstone Park chemistry,” Irwin B. Douglass, University 
of Maine, Orono, Maine 
“Atomic transmutations,” John R. Dunning, Columbia Uni- 
versity, New York City 


TENTH SESSION—Monday Morning, August 28 
“Chemistry of plastics,’ Robert P. Courtney, 
Corporation, Bloomfield, New Jersey 
‘Plans for a National Science Teachers Association,”’ Philip G. 
Johnson, Cornell University, Ithaca, New York 
Summary of oxidation-reduction symposium, John A. Timm, 
Simmons College, Boston, Massachusetts 


Bakelite 


MILLARD W. BoSwoRTH 


Millard W. Bosworth, newly elected President of the 
N.E.A.C.T. for the term 1944-6, teaches the physical 
sciences in Vermont Academy at Saxtons River, 
Vermont. ‘‘Bozzy’’ is a camera fan and makes use of 
his hobby as a teaching-aid. He is probably better in- 
formed than anyone in the N.E.A.C.T. on the availa- 
bility and content of films which may be used as aids in 
teaching high-school chemistry. 


@ We understand that there is now a possibility that we will have shoe soles made of vinyl resins. 





Now It Can Be Told—Cumene 


Military necessity has required that many of the recent developments in petroleum technology be 


shielded in wartime secrecy. 


However, now that the tide of battle has turned and the Allies are daily 


carrying the fight deeper into the stronghold of the enemy, the restrictions are gradually being relaxed, 
and the publication of many interesting stories of war production authorized. 





fQXHE demands of the global war on American industry have 

been tremendous, but in few fields have they been so huge 
and insatiable as in that of high-quality aviation gasoline. As 
modern warfare has taken more and more to the air, America’s 
refiners have been asked to supply such enormous quantities of 
high-octane aircraft fuel as to require almost the complete meta- 
morphosis of their manufacturing facilities. Not only that, but 
higher quality fuels were required as more powerful planes rolled 
off the production lines. One-hundred-octane was _ specified 
from the outset . . . but to that were soon added performance 
specifications which could not be expressed in the conventional 
octane scale. Details of these specifications are still secret, but 
it may be stated in a general way that they concerned perform- 
ance under take-off and combat conditions. Improved take-off 
performance is, of course, of great importance to bombers and 
carrier-borne fighters, and the extra spurt of power in aerial com- 
bat provided by modern super-fuels has often proved a decisive 
factor in military operations. 

Due in large measure to research in prewar years, the oil in- 
dustry knew how to meet the huge demands for 100-octane-plus 
fuels, both with regard to quality and volume. A mammoth 
construction program was launched. This involved giant cata- 
lytic crackers, rows of alkylation reactors, new pipelines, new 
boiler houses, and in some cases entire new refineries. But while 
all this construction was going on bombers were needed over 
Berlin, and there had to bea super-fuel for the fighter planes that 
were helping boys scramble ashore at Guadalcanal and Tarawa. 
Refiners had to produce the vital gasoline in steadily increasing 
volume before their mighty new units could possibly be rushed 
into production. And this is where cumene stepped into the pic- 
ture. 

Research men working with single-cylinder test engines had 
discovered that certain materials possessed to a marked degree 
the qualities necessary for good take-off and combat perform- 
ances. Cumene was particularly outstanding in that respect. 


Although unsuitable as a fuel by itself it was extremely effective 
when added to aviation blends which had failed to meet power 
output specifications. Each gallon of cumene raised many 
gallons of fuel to the desired quality level. _ 

However, cumene was not available in more than experimental 
quantities. But the research chemists and engineers found the 
answer. Looking over convertible refinery equipment they 
found that a certain type of existing unit was readily adaptable 
to the production of cumene. Drawing on their general knowl- 
edge and experience they soon perfected a completely new manu- 
facturing process. In a matter of weeks the first converted unit 
was on stream, and followed in rapid succession by many others 
until a total of 19 plants were turning out this important compo- 
nent which tided the aviation gasoline program over a difficult 
period and undoubtedly proved a great aid to Allied airmen on 
more than one battle front. 

The nation’s first commercial cumene plant went on stream at 
Shell’s Norco Refinery three weeks after approval had been given 
for the necessary construction. Wood River Refinery was turn- 
ing out cumene one month later, and soon after a third unit, in- 
geniously assembled from scrap equipment, was in operation at 
the Shell Refinery in Montreal. 

Today, with towering catalytic crackers coming on stream in 
increasing numbers, and great new refinery extensions swinging 
into production, the story of cumene is drawing to a close. 
Plans are being made to reconvert several units to their prewar 
use, others will be scrapped. But that the job has been well done 
has received testimony in the words of Ralph Davies, Deputy of 
Petroleum Administrator, who said, ‘‘. .. an even larger increase in 
100-octane production was made possible by the use of cumene. 
Early in 1942 we discovered that this blending agent had a highly 
beneficial effect in improving certain operational characteristics of 
aviation fuel. Nearly 23 per cent of the increase in 100-octane 
output in 1942-43 was made possible by this step alone.’’—Re- 
printed with permission of Shell News, of the Shell Oil Co. 
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THE PHYSICAL CHEMISTRY OF ELECTROLY**? SotuTio*? > Her- 
bert S. Harned, Professor of Chemistry, Yale University, and 
Benton B. Owen, Associate Professor of Chemistry, Yale 
University. (American Chemical Society Monograph Series 
No. 95.) Reinhold Publishing Corporation, New York, 1943. 
xxxvi + 607 pp. Illustrated. 15 K 23cm. $10. 

Shortly after the enunciation of the theory of electrolytic dis- 
sociation by Arrhenius, it became evident that strong electrolytes 
behaved in an apparently anomalous manner, and in spite of 
many attempts to develop empirical equations to represent the 
properties of such solutions little progress was made. The intro- 
duction of the activity concept by G. N. Lewis and the discovery 
of the ionic strength principle by Lewis and Randall provided a 
much needed impetus to the study of the thermodynamic proper- 
ties of electrolytes, both strong and weak, but a sound theoretical 
basis, which would permit a systematization of the results, was 
lacking. The publication of the Debye-Hiickel theory of in- 
terionic attraction in 1923 thus marked the commencement of a 
new era in the study of electrolytic solutions, and the past 20 
years have seen the development of a considerable literature 
dealing with the physical chemistry of electrolytes. Among 
the outstanding contributors to this literature has been the group 
of researchers at Yale University, directed by Professor Herbert 
S. Harned, whose work has been marked by its exceptional 
thoroughness and accuracy. 

The book under review is a monograph by Professor Harned 
and his collaborator Professor Owen, on the physical chemistry 
of electrolytic solutions; in view of their own important con- 
tributions to the subject, it is a book which they are supremely 
qualified to write. The authors contend that the interionic 
attraction theory is so well established as to permit the develop- 
ment of the purely theoretical aspects before the discussion of 
the experimental results. Consequently, in constructing the 
book the somewhat unusual procedure has been ‘adopted of pre- 
senting the basic theory first, and following this with a critical 
discussion of the data in the light of the theory. In an advanced 
treatise of this kind such a presentation undoubtedly has many 
advantages. 

The material of the book falls into three main sections, the 
first of which, as just indicated, constitutes a theoretical intro- 
duction to the subject of electrolytic solutions. The abbreviated 
titles of the chapters are as follows: General Thermodynamic 
Introduction; Interionic Attraction Theory; Thermodynamic 





Properties of Solutions; Theory of Irreversible Processes; and 
Numerical Compilations. The physical constants used in con- 
nection with the latter differ from those now generally accepted; 
the authors explain this by the fact that the numerical calcula- 
tions have extended over a period of years. It would have been 
an advantage, however, if some of the values, such as the Debye 
constants, had been recalculated so as to conform with the 
newer values of the electronic charge and the Avogadro number. 
The second section contains a discussion of the experimental 
results from the aspect of the individual physicochemical proper- 
ties; the chapters are entitled: Irreversible Processes (Con- 
duction, Transference Numbers, Viscosity, and Diffusion); 
Coulomb Forces and Ion Association; Thermochemical Quanti- 
ties; Activity and Osmotic Coefficients; and Galvanic Cells. 
It may be remarked that no attempt is made to give details of 
experimental technique; the methods are described briefly, how- 
ever, and there are full references to the literature. Most of the 
space is devoted to a consideration of the results, especially in 
telation to the theory developed in the earlier chapters. The 
last portion of the book deals with the experimental data from 
the point of view of the electrolytes themselves, rather than from 
that of the methods of investigation. The chapter headings are: 
Hydrochloric Acid; Strong 1-1 Electrolytes; Polyvalent Elec- 
trolytes; Mixtures of Strong Electrolytes; and Weak Electro- 
lytes. The work is concluded with an appendix containing 
many tables of data. Attention may be called to the complete 
omission of the theory of dipolar ions on the grounds that the 
subject is treated in another volume of the same series of mono- 
graphs. 
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The book is replete throughout with references to the litera- 
ture, tables, and figures. It is the most comprehensive and 
authoritative treatise in its field yet published, and it is likely to 
remain the standard work for many years to come. For this 
reason, in particular, it is unfortunate that some discussion of 
dipolar ions was not included, and that an effort was not made 
to recalculate certain results on the basis of the accepted values 
of physical constants. Because of its complete and detailed 
nature, this is not a book to be read lightly. The authors think 
it necessary to apologize for the fact that continuous reading of 
certain portions of the text may be found tedious or tiresome. 
They need not be concerned on this score, for there are very few 
chemists who will be able to read more than a few pages at one 
sitting. The mathematics is by no means easy, and the com- 
plexity of the subject is indicated to some extent by the glossary 
of symbols which occupies over 13 pages! However, in the 
opinion of the reviewer the prime function of the book is as a 
work of reference; as such it is a significant contribution to the 
literature of physical chemistry of which the authors, the editors 
of the series of monographs, and the publishers may well be proud. 

SAMUEL GLASSTONE 


BERKELEY, CALIFORNIA 


Your CAREER IN CHEMISTRY. Norman V. Carlisle, Vocational 
Guidance Editor, Scholastic, the National High School Weekly. 
E. P. Dutton and Company, Inc., New York, 1943. xvi + 
251 pp. Illustrated. 14 X 20.5cm. $2.50. 

“Your Career in Chemistry” is written by an author well 
known in the field of vocational guidance. It is a member of a 
series of similar works the author has produced during the past 
few years, in particular in the fields of science. 

In order to intefest young men and women in any field—and 
chemistry is no exception—it is necessary to describe to them 
the opportunities available and how they might some day be- 
come a part of one of the multitudinous activities of a given pro- 
fession. The author has succeeded very well indeed in present- 
ing the significance of chemistry in its many phases of applica- 
tion and in describing what a chemist does. He has made these 
descriptions more interesting and vivid by introducing brief 
accounts of the roles played by persons responsible for the de- 
velopment of certain chemical industries, and by giving in a 
number of instances a historical background of the development. 

The fields of application described by the author included agri- 
cultural chemistry, forest products, food industries, plastics, 
glass, synthetic rubber, textiles, petroleum, pharmaceuticals, 
explosives, chemical warfare, and metallurgy. This material is 
supplemented by a foreword entitled, ‘‘The Chemist: Molder 
of a Better Destiny’ by C. M. A. Stine; a chapter by Henry G. 
Knight with the title, ‘‘The Composition of the Chemist’; 
and a second chapter by Francis J. Curtis, ‘(Chemistry “as a 
Career.” 

It is quite appropriate that two chapters of the book are 
devoted to ‘‘Women in Chemistry.”” Today, more than at any 
previous time, women are playing a very significant part in 
chemistry, particularly in our industrial, institutional, and 
technical laboratories. There is every reason to believe that 
women will continue to assume these responsibilities after the 
war. 

A brief account is given-of the educational requirements for a 
number of different types of positions in chemistry. This section 
could be enlarged to advantage so the reader would be able to 
obtain a more definite answer to some of his questions. 

A question of importance to the prospective chemist is the 
remuneration he can expect to receive in the various types of 
positions which might be available to him. The wages and sal- 
aries listed by the author for a number of positions are certainly 
not too encouraging to a young man who has chemistry in mind 
as a profession. Though it is well known that salaries in the 
chemical profession are not comparable with those of a number 
of other professions, in spite of similar required periods of train- 
ing, the reviewer is of the opinion that the wages and salaries 
intimated in the book are actually lower than those available, 


63 








564 


certainly during the past three or four years. A prospective 
chemist reading the author’s book should keep this fact in mind. 
It would be well for any prospective chemist to examine Mr. 
Carlisle’s book. He has given a more complete description of 
what a chemist does and what is expected of him than is avail- 
able in the usual vocational guidance literature. 
WARREN C. JOHNSON 


UNIVERSITY OF CHICAGO 
Curcaco, ILLINoIs 


ORGANIC CHEMISTRY FOR THE LABORATORY. C. W. Porter and 
T. W. Stewart, Members of the Faculty of the College of 
Chemistry in the University of California. Ginn and Com- 
pany, Boston, 1943. vi + 222 pp. 47 figs. 13.5 K 19.5 cm. 
$2.00. 

This is a companion laboratory text to the authors’ ‘‘Organic 
Chemistry.’’ The purposes of the book as given in the preface 
are threefold, ‘‘the first to acquaint the student with typical 
laboratory procedures and apparatus. The second is to help 
him visualize the reactions of which he reads in the textbook, and 
the third is to encourage the laboratory as a source of informa- 
tion.” ‘The first laboratory directions are explicit,” later experi- 
ments are properly given in more general terms. ‘“‘No compli- 
cated or unusual equipment is specified.”’ 

At first glance the book seems small and brief. However, 
an adequate number of standard experiments are included, worth- 
while general discussions and specific directions are given, and 
the purposes outlined above seem to be achieved. Approxi- 
mately the final 50 pages of the text are used to discuss the 
mechanical operations of organic chemistry. 

Two minor points of make-up might be mentioned. The 
figures used are of two distinct types. The experiments are not 
numbered. This latter follows the make-up of the authors’ 
text in which there are no chapters numbered as such. Both of 
these points are noticeable but neither is of great importance. 

OSBORNE R. QUAYLE 


EMORY UNIVERSITY 
EMORY UNIVERSITY, GEORGIA 


OrcaANIcC CHemistry. C. W. Porterand T. W. Stewart, Members 
of the Faculty of the College of Chemistry in the University 
of California. Ginn and Company, Boston, 1948. v+ 
577 pp. llfigs. 15 K 22cm. #.00. 

While an outgrowth of Porter’s well-known ‘Carbon Com- 
pounds,”’ this text is not a revision but an entirely rewritten 
work. The ‘book provides material for a full year course in 
organic chemistry. It is used in the University of California 
... for the half-year sophomore course.’’ ‘‘More than the usual 
space is devoted to the chemistry of the hydrocarbons’’ and 
“considerable emphasis has been placed upon compounds and 
processes of biological interest... . An introduction to mech- 
anisms of reactions has been included, particularly in explana- 
tions of catalytic phenomena.” 

The text opens with an introductory section, giving a rapid 
preliminary survey of the field in 28 pages. The structural 
relationships of the main types of compounds are considered, 
with very few reactions. The following section upon aliphatic 
hydrocarbons is so written that it may be used as the starting 
point of study if the preliminary survey is not desired. The 
chapter on hydrocarbons is more extensive than frequently 
found in elementary texts. It includes such topics as oxidation, 
thermal stability and decomposition, structural and geometrical 
isomerism, hydrogenation and dehydrogenation, isomerization, 
alkylation, polymerization, and depolymerization. It should 
provide a good introduction to modern organic ehemistry. 
Very minor criticisms are: (1) the formula for peroxides is not 
the one most commonly used, and (2) while the ‘Definitive 
Report”’ of the nomenclature committee is referred to, there is 
no mention of the naming of an unsaturated hydrocarbon by the 
method suggested by the committee, as a derivative of the 
longest chain containing the unsaturation. 

As stated in the preface, mechanisms of reactions are stressed 
and excellent treatment is to be found in several cases; for ex- 
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ample, the discussion of esterification, the pinacol rearrangement, 
and the Beckmann rearrangement. Another excellent section 
is that upon optical activity. Considerable modern physico. 
organic chemistry is included for an elementary text. Without 
in the least suggesting that there has been any overemphasis 
upon the physical interpretation, there is a rather apparent in- 
fluence of the Pacific coast school of physical chemistry upon the 
general tone of the text. It will perhaps satisfy the organic chem- 
ist of theoretical leanings better than the organic chemist largely 
interested in synthesis. For example, while 33 reactions are 
listed by name in the index the following are among the relatively 
well-known reactions which are omitted, at least by name: 
Knoevenagel, Michael, Thorpe, Bouveaut, Hoesch, and William. 
son. In a similar vein one does not find 1,4 addition listed as 
such though it is briefly mentioned under dienes. 

A number of very excellent footnotes are given, particularly 
of review articles. A number of other excellent opportunities 
for credit are omitted; for example, under the discussion of the 
diphenyls no mention is given Adams, under polymerization one 
does not find the names of Carothers or Nieuwland. 

The appendix includes tables of bond distances and atomic 
radii, and a discussion of the determination of molecular weights 
from the properties of gases, the properties of solutions, vapor 
pressure, boiling point, and freezing point. 

The book is divided into more or less standard sections which 
are given in the table of contents. The make-up of the book 
deviates from common practice in that these divisions are not 
designated as chapters and are not so numbered. 

OSBORNE R. QUAYLE 


Emory UNIVERSITY 
EMORY UNIVERSITY, GEORGIA 


SEMIMICRO QUANTITATIVE ORGANIC ANALysis. E. P. Clark, 
Senior Chemist, Insecticide Division, Bureau of Entomology 
and Plant Quarantine, Referee on Microanalysis, Official As- 
sociation of Agricultural Chemists. Academic Press, Inc., New 
York, 1948. v + 135 pp. 31 figs. 16 tables. 15.5 K 24cm. $2.50. 
The deeper insight into the factors determining precision of 

organic analysis which has resulted from studies primarily aimed 
at microanalytical technique has revealed many possibilities of 
improving organic analytical practice when limitations of sample 
size are not of paramount importance. Such improvements, 
primarily in convenience, and usually adapted to samples of 
intermediate size, have resulted in widespread and increasing 
adoption of methods which have come to be known as semimicro 
analysis. This book is a valuable contribution to this field. 
The subjects covered are the determination of carbon and hy- 
drogen, nitrogen (Kjeldahl and Dumas), halogens, sulfur, phos- 
phorus, methoxyl, ethoxyl, and acetyl groups, neutralization 
equivalent, molecular weights, and volatile fatty acids. ‘‘The 
material presented is largely the author’s treatment of the an- 
alytical procedures . . . encountered in his work.’’ Although 
this limitation impairs comprehensiveness—quite obviously in 
the chapter on phosphorus— it doubtless insures reliability. Sev- 
eral new methods developed by the author are included. 

The procedures are clearly described in adequate detail, but 
the discussions occasionally contain obscure passages. Thus, 
careful reading of the first paragraph on page 76 is required to 
avoid the inference that the milligram neutralization equivalent, 
there defined, is not numerically equal to the ordinary neutraliza- 
tion equivalent. The calculations on pages 90-1 could be 
simplified by the use of algebra and it is unfortunate that in the 
illustrative example chosen the same numerical value appears 
for two different quantities: the original titer of the solution 
and the distillation constant for isobutyric acid. Typographical 
errors are few. On page 48 temporary filling is used for permanent 


jilling and on pages 41, 43, and 65 the term kjeldchlization appears 


sometimes capitalized and sometimes not. 
This work will be useful to all who have occasion to use or teach 
semimicro analysis. 
CHARLES B. WOOSTER 


RouM AND Haas CoMPANY 
PHILADELPHIA, PENNSYLVANIA 
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Editors Outlook 


OME day the boys will be coming home from the 

wars. In fact, they are already coming home in 
far greater numbers than most people realize. What 
will they be wanting when they get back? I mean 
after the passing of the stage of catching up on the 
many small pleasures they have been missing for so 
long. They will have futures to replan, training and 
education to pick up again. Speculations on this 
point start off an old educational controversy anew. 

Will there be a great surge of interest in the humani- 
ties, or will the educational emphasis remain where it 
has been for the last couple of years—on the technical 
subjects? Many feel that the boys will return a bit 
revolted, or at least surfeited with technology and will 
want to investigate the “‘humanistic’’ fields. Others 
think that science and technology will have made such 
a strong appeal in the way in which they have brought 
about victory that the so-called more ‘‘liberal’’ studies 
will be thought too impractical and visionary for men 
who must quickly plan new life careers. 

I think, however, we may assume that the emotional 
reactions of people in general will be fully as varied 
during the war experience as during peace, and that we 
will find about the same division of opinion on this old 
question as there has always been. We must be pre- 
pared to offer our returning soldiers both elements of a 
liberal education—the humanistic and the scientific— 
in the same proportion we always have. This only re- 
flects the fact that they are both necessary for a com- 
plete understanding of contemporary life. 

We can understand perfectly what we mean by sci- 
ence (which includes technology); but the antithesis 
which rises up against it in the customary argument is 
somewhat shadowy and vague: the humanities, the 
classics, the liberal arts, the various names applied to 
it are not synonymous. The crudest form of express- 
ing the dualism is that of ‘‘gadgets versus human 
values.’’ The view that science has merely presented 
the world with an array of gadgets while what we need 
is more spiritual stamina is hardly worth our attention, 
were it not being so insidiously represented. Anyone 
who thinks that science is a mere array of gadgets 
knows so little about science that he is not worth lis- 
tening to. Science’s contribution to civilization is as 
uch in its inspiration, its human value, as in its tangible 
result. And even the latter can have its civilizing and 
socializing consequences. By means of science we have 
learned to direct and utilize nature’s forces. If we 


have been less successful in harnessing social and spirit- 
ual forces (if there be any such) than the more obvious 
ones, the relative failure in some cases should not dis- 
courage us from all trying. 

The chief civilizing and socializing influences in the 
world have resulted from the painful acquisition of 
knowledge by the means we call scientific. Our meth- 
ods of communication and transportation; the very 
possibility of the existence of life—individual as well as 
social—in many parts of the world; the passage of 
knowledge or creative art from one generation to an- 
other—the very basis of history and the fine arts—all 
these and much more are the results of some kind of a 
technology, simple or complex. In fact, there would 
be no human values, in the sense we now know them, ex- 
cept for the results of some kind of a science or tech- 
nology. 

The question, however, is not which of two irrecon- 
cilable things we would have. We can have them both, 
and we need them both. We must provide as best we 
can for both these educational approaches to the de- 
velopment of a complete personality. 

Coming back to our original point, however, the 
dualism in the educational picture, one way in which it 
is frequently expressed is in the contrast of the past 
with the present or future. One group advocates, for 
example, the study of The World’s Great Books as a 
liberal education; another group insists that we must 
relate all our knowledge to the day-by-day facts of con- 


temporary human life. 

Granting that the purpose of our education is to 
orient ourselves in our life today and tomorrow and to 
equip ourselves to carry on that life most abundantly 
and effectively, both sides of this controversy can again 


be true. Any amount of studying of the past exclu- 
sively will not insure us of being able to cope with the 
problem of tomorrow, for it is simply not true that all 
the possible thoughts have already been expressed; 
there are new things emerging into the sun all the time. 
On the other hand, it is true that we cannot completely 
understand the condition of the present—and therefore 
of the future—without considering it in relation to what 
has gone before. The historical approach is not in- 
compatible with the scientific; in fact, it is part of it. 
Again, we need both of these elements in our com- 
pleted educational picture. 

Let’s not waste time arguing about things we shall 
have to get together on. Let’s start to get together. 


CHEMISTRY HALL Lit 





An Interesting Photograph 


RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


HE fiftieth anniversary of Victoria’s accession 

to the throne was celebrated in 1887. Manchester 
commemorated the event by its great Royal Jubilee 
Exhibition. Science was adequately represented in 
the exhibits, and even the history of science was in- 
cluded. One reporter wrote: ‘The collection of the 
relics of great discoverers and of their discoveries in the 
fields of chemical and physical science created much 
interest. There were to be seen the battery, or at 
least part of it, with which Davy decomposed the al- 
kalis, and his note-book, in which the record of the iso- 
lation of the alkaline metals could be read; the gases 
liquefied for the first time by Faraday, enclosed in 
sealed tubes, and his note-book where the record of 
this remarkable discovery occurs; and, exceedingly 
interesting for Manchester and its neighborhood, the 
specimen of the very first benzene, isolated by Faraday, 
and the apparatus with which Joule determined the 
mechanical equivalent of heat. When it is added that 
there was also to be seen the manuscript of that page 
of Dalton’s ‘Principles of Chemistry,’ which contains 
the table of his atomic weights, the penny earthen ink- 
pot and soda-water bottle he has converted into chem- 
ical relics, and the original lamps that Davy constructed 
when feeling his way with high-minded benevolence 
and scientific skill towards a solution of the terrible 
problem, which in those days forced itself to the front 
of men’s minds—how to save from wholesale destruc- 
tion, those who labored in the bowels of the earth to 
provide the means of warmth, comfort and light for 
their fellows—the question may be fairly asked ‘Was 
not a sight of these things well worthy of a pilgrimage 
to Manchester?’’’! 

The ‘‘pilgrim to Manchester’’ could inspect not only 
these historical souvenirs, but also exhibits of the 
current triumphs of science and technology. Best of 
all, he could see in the flesh many of the scientific 
leaders of the day. The British Association for the 
Advancement of Science met that year in the “‘city 


1 Anon., J. Soc. Chem. Ind., 6, 481 (1887).—The Dalton 
relics were destroyed during the bombing of Manchester. The 
Davy and Faraday items presumably have been safely stored 
and will again be on view at the Royal Institution in London 
after the war. 


of Dalton and Joule’ and the attendance was the 
highest since the organization of this great society. 
The wonders to be seen at the Exhibition doubtless 
drew many. However, the unusually large number 
of foreign chemists who had accepted the invitation 
was probably a personal tribute to Sir Henry Roscoe 
(1833-1915), the internationally famous chemist, 
who was President of the Association in this jubilee year. 
Asa Gray, the Harvard botanist, spoke for the foreign 
visitors. He reiterated Roscoe’s hope that ‘this meet- 
ing may become the beginning of an international 
scientific organization.” 

The rather dramatic story of the introduction to the 
convention of two of the foremost figures in the chem- 
ical world comes to us from another American, Dr. 
Alfred Springer (b. February 12, 1854). He is perhaps 
the.sole surviving delegate to that great meeting. He 
writes in his memoirs: ‘“‘We had all gathered in the 
great hall when it was whispered that Mendeleeff 
was present. A signal was given and we called for him. 
After a few minutes, a tall, slender man, with a closely 
cropped white beard arose. When the applause sub- 
sided, he somewhat embarrassedly said: ‘I regret to 
say I am not Mendeleeff, I am only Lothar Meyer.’ 
The moment he gave his name, he was cheered to the 
echo. He then continued: ‘My friend, Prof. Mendele- 
eff, does not speak English and asks your pardon if he 
expresses his appreciation in his own language.’ Now 
an equally tall gentleman, with a mass of long, brown 
hair, and a full bearded face, arose and looked around 
for a moment or two. When silence was restored, he 
smiled, and made a few remarks in Russian, which, 
of course, we did not understand. Both men were 
then again roundly applauded.” 

In 1882 the Royal Society conferred the Davy Medal 
on Meyer and Mendeleeff jointly. Although chemists 
may have often disputed as to which of the two was the 
greater, they personally never evinced the slightest 
jealousy of each other; in fact they were excellent 
friends. The photograph was taken during their stay 
in Manchester. It is the only known picture that 
includes both of the independent enunciators of the 
periodic law. 


**Each state is now planning postwar expenditures, figuring on having work ready 
to supply jobs in case of a slump. All sorts of bridges and roads and buildings are 
contemplated. If each state would add one great new laboratory building to its plans, 


that building in time would produce enough wealth to pay for all the others. 


Most 


legislatures think they have been reckless if they appropriate $50,000 for new research. 
For a new state research laboratory—whether one building or extensions on their state 
university campuses—the thinking in most states should at least be in terms of a million 
dollars, and in the richer states, of two millions.”’—Wheeler McMillen in Farm Journal. 
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Reund-talle Discussion 
an Technical Library Seniice 


Introductory Remarks 


ROSS C. 


Hall Laboratories, Inc., 


ERVICE is such an intangible term that it would be 

difficult to define it; it is even more difficult to 
measure it in dollars and cents. However, technical 
libraries and their services have become such an im- 
portant part of industrial organizations that the num- 
ber is ever on the increase. The present membership 
of the Science-Technology Group of the Special Li- 
braries Association is 1139. With an average of 1'/2 
librarians per library we can count on about 800 tech- 
nical libraries in the membership of this group alone. 
Such technical libraries embrace manufacturing chem- 
ists, pharmaceutical houses, engineering firms, techni- 
cal associations, technical departments ,of public li- 
braries, technical college libraries, and many other types 
too numerous to mention here. 


Each of these libraries is equipped to render the kind 
of service which best fits the organization. Natur- 
ally, the type of sérvice will vary with each library, but 
the primary aim of each is to provide the technical 
staff with the latest information in the subject field and 
to collect the most useful of literature. Methods of 
disseminating this information will be discussed later. 

What is technical library service and how does it 
differ from the service in a public or general library? 
In the public library the usual procedure is to obtain 
references on a number of varied subjects. Although 
there may be technical men on the library staff, each 
cannot hope to become a specialist in all the fields of 
technology, but must choose one or two fields. Since 
the public library is for the use of the community as a 
whole, individual service can be given only when time 
permits. These public institutions are doing a won- 
derful job, and many a special librarian leans heavily 
on the resources of the public library. 

In a special library, and particularly in the technical 
library, the librarian is usually a technically trained 
person, with a Library Science degree or its equivalent 
in’practical work. The subject field of the firm or lab- 
Oratory then becomes his specialty. The alert librar- 
ian will make an intensive effort to study the new sub- 
ject matter, whether it be paints and varnishes, water 
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chemistry, food chemistry, metallurgy, or some other 
specialized technical field. The type of service he then 
gives is personalized in that he can understand the sub- 
ject matter and ferret out the specific information de- 
sired with the least amount of explanation. In many 
cases the result of a search can be summarized by this 
specialist in one or two pages, saving valuable time 
for the laboratory staff. Confidential material can be 
turned over to the technical librarian knowing that it 
will be properly indexed and filed and that it will re- 
main confidential. It must be remembered that first 
and foremost he is a member of the technical staff and 
is governed by the same code of ethics as the chemists 
and engineers; second, as a librarian he is further sworn 
to secrecy on many items which sometimes do not even 
come to the attention of the Research Director. The 
technical librarian can also render valuable service in 
finding difficult-to-locate papers or pamphlets. He 
can also arrange for translation of important papers 
and patents. He is aware of the projects, both tech- 
nical and commercial in nature, so that he can correlate 
the information in the library and see that the proper 
individual is notified of new developments. In short, 
as the eyes and ears of the firm or organization, he is 
ever alert to the interests of his employer. 

In order to obtain such service one should employ a 
technical librarian and not a custodian of books. Train- 
ing will be discussed later, but what I am referring to is 
the incentive for the specialist to continue giving the 
best possible service. So often we see such an ad- 
vertisement as the following: 


Must translate French and Ger- 
Must be 


Chemist, with library training. 
man. Must be able to type and organize new library. 
familiar with patent sources. Write to Box xxxxx. 


Upon further inquiry we find that the applicant is 
offered $100 or $125 per month. Chemists graduating 
from college are usually started at $150; here the chem- 
ist has specialized beyond the college graduate and is 
asked to assume a responsible position at a salary lower 
than the laboratory assistant. At that price, one 
usually gets a custodian of books, or someone who uses 
this position as a stepping stone. Therefore, when you 
speak of service in.a technical library remember that 
“‘you get what you pay for.” 
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Selling Your Company’s Library 


G. H. McINTYRE 


Ferro Enamel Corporation, Cleveland, Ohio 


F WHAT use is a company library if the personnel 

of the company does not make it an integral part 
of its daily work habits? A dynamic force is required to 
overcome mental inertia. How to provide this force 
by selling the library to the organization, by making the 
various individuals want to use it, by creating the habit 
of looking to the library first, is my interest in this dis- 
cussion today. 

What I have to tell you comes from my own observa- 
tion and experience in establishing a library and at- 
tempting to sell it to the organization. Our library 
was started about two years ago on a very meager basis 
with a young lady holding a master’s degree in chem- 
_istry acting as librarian and as my secretary. Need- 
less to say, the library suffered. 

About 10 months ago we decided that this situation 
was of no benefit to anyone. We then secured the 
services of a graduate librarian who had had several 
years’ experience in the technical department of a 
large public library. Further, she had had some train- 
ing in chemistry. A room, 20’ X 30’, was provided, 


and she was told to see what she could do to build up a 
really good library which would be useful to all depart- 


ments and of general interest to all employees. 

My part of this discussion is not to dwell on library 
organization, but I give you this background to assist 
in understanding the problem and I dare say you ap- 
preciate its typical aspects. Our company is rela- 
tively small, with many divisions and departments of 
diverse interests. 

With due modesty, I might point out that porcelain 
enamels are our specialty and that we are recognized as 
authorities in this field of production. There are rela- 
tively few technical publications in this field, and our 
staff was well aware of its printed literature. However, 
as the interest of management and personnel widened 
the need of a librarian became manifest. My first 
selling problem was to interest management on the 
necessity of our company’s having a library. Was the 
cost worth while? Was a library for us really essential? 

An interesting example of the attitude of manage- 
ment was the remark made by one of the executives 
when I was arguing for further library expansion: 
“Will the technical employees use the library suffi- 
ciently to make this expense worth while?’ Upon 
my assurance that they would, came the very cautious 
reply, ‘““Well, I’m not so sure I want the employees 
sitting around wasting their time reading.” 

So, first, we must sell management. It is they who 
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appropriate the funds. It may not always be neces- 
sary to sell the idea that for technical people to read in 
the company library is distinctly not a waste of time, 
but certainly management must be sold on the advan- 
tage of a library to the corporation. Its continued finan- 
cial and moral support demands that the management 
remain enthusiastic supporters of the library. 

Secondly, the library should not be operated for the 
exclusive use of the research staff. It should be of suff- 
cient scope in detail and material to be of interest to 
the executives, the accounting, personnel, safety, sales, 
customer service, advertising, manufacturing, research, 
technical, and quality control departments, and last, 
but not least, labor. 

Factors affecting the sale of the library to this large 
and diversified group are materials, library staff, and 
direct publicity. It is axiomatic that the library mate- 
rial should be as complete as possible within the limits 
of the budget. It should cover adequately the fields of 
interest of the company with current literature, patents, 
and reference works. Also books, periodicals, and 
pamphlets of more popular nature should be included. 

But all this will not sell the library unless the library 
is managed in such a manner as to provide adequate cat- 
aloging and indexing and is maintained with good house- 
keeping. To hold continued interest and to attract 
readers, the physical arrangement is important. The 
library should be located centrally and be easily acces- 
sible. It should be light and comfortable. In all, it 
should be an attractive place, but one of efficient and 
business-like air. 

The library staff are its salesmen. Thus, in addition 
to being librarian, an efficiency expert, and scientist, 
the really good librarian who will sell the library to the 
personnel of the company must be on friendly terms 
with all and easily approachable. If she can call the 
company personnel by name so much the better. If 
the patrons of the library are given the feeling that the 
librarian is resentful, hurried, or of abrupt disposition, 
otherwise efficient work might be wasted because the 
patrons will hesitate to ask for assistance in the finding 
of material. If material cannot be found readily the 
library will fall into disuse. 

Adaptability and resourcefulness are two attributes 
with which your librarian should be blessed. The li- 
brarian must be ready and able to adapt herself to the 
needs of the organization. She must be resourceful in 
finding and providing literature on specific and often 
seemingly unrelated subjects. New and sometimes ob- 
scure sources of material must be known to her. 

Direct publicity throughout the organization is es 
sential and the more this is used the better. Lucy 0. 
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Lewton,? in an address delivered before the Science- 
Technology-Biology Group of the Special Libraries 
Association in New York, asked two very appropriate 
questions: ‘“Why publicize a company library? Hasn’t 
it been established in answer to a definite need for its 
service?’ She then answered these by “‘painting a sad 
picture.”’ She tells of the library that was established 
ina drug and cosmetics plant. It was staffed with a 
true scholar, an organic chemist in her own right. 
While she built up beautifully catalogd files of ma- 
terial the door between the research laboratory and li- 
brary was kept locked. Often the staff was seen in the 
public library making their own abstracts and they 
painfully maintained their own abstract file. 

The ‘‘pay-off’’ came when the company was forced to 
destroy a large number of cartons which had been 
printed with a new trade name on which a copyright 
had been requested. This name had been copyrighted 
previously by a rival concern and so a copyright could 
not be obtained. The library had a record of this trade- 
mark in the trademark files which the librarian main- 
tained, but no one had thought to refer to them. The 
library had been considered as a routine storage place 
of books and documents. 

All companies have some system for handling inter- 
office mail. The librarian should use this for direct 
mail advertising. This can consist of notices of new 
books, pamphlets, and abstracts issued at regular inter- 
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vals. Bulletins telling of the library’s activities, with 
particular emphasis on the type of questions asked and 
answered, can be made readable, interesting, and of 
good advertising value. Bulletin boards should be 
placed at strategic locations about the factory and 
offices and should be kept active and eye-catching with 
posters, book jackets of new books, and notices of the 
library facilities. 

The personal approach by the librarian is effective. 
As already mentioned, if the librarian knows personally 
as many of the company’s staff as possible the library 
can more easily be made an essential factor in their 
affairs. Personal calls about new materials, including 
their hobbies as well as their technical interests, are 
helpful in selling the usefulness of the library. A per- 
s‘ 1al note to new employees to come in and become ac- 
quainted with the librarian and the library’s facilities is 
most effective. 

To summarize, the value of the library is proportion- 
ate to the extent of its use by all company personnel. 
The library staff must have the qualities of scientist, 
efficiency expert, and salesman combined, being ap- 
proachable, adaptable, and resourceful. Material must 
be adequate and accessible through good cataloging, 
good indexing, and good housekeeping. 

Publicity is essential and can be secured through the 
circulation of printed and mimeographed material, in- 
teroffice mail, strategic locations for bulletin boards con- 
taining posters, announcements, and exhibits, and by 
individual contact. 


- Serving the College Clientele 


HELEN M. FOCKE 
Case School of Applied Science, Cleveland, Ohio 


HERE are many possibilities which might be con- 

sidered in a round-table discussion on technical li- 
brary service in connection with the topic on serving the 
college clientele. A number of these I will take for 
granted simply as part of the necessary technique of li- 
brary operation, such acknowledged functions as 
proper book and periodical selection, thorough indexing 
and cataloging, anticipation of class assignments, 
building up trade and pamphlet collections, and so on. 
Nor will I dwell on services to the faculty, in which the 
library takes on the functions of a normal special li- 
brary for an adult group. 

More than anything else the service a college librarian 
should render is that of helping the student to help him- 
self. From the very first time a new freshman enters 
the library until the day when a new Ph.D. has re- 
ceived his degree the librarian’s first aim in dealing with 
the student should be to teach him to know and to use 
books intelligently. 

‘Presented before the Division of Chemical Education of 
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Knowledge of how to use the reference books in the 
library should become as essential and automatic as 
the knowledge of how to use a chemical balance or 
water bottle. Students who have learned how to find 
chemical constants for themselves, or how to turn to 
reference books when they have not understood what 
they heard in the classroom, have taken the first step 
toward the development of independence in their 
chosen professional field. 

Many students have had to learn library use through 
self-help. There are two extremes in learning how to 
use a library in this manner. There is the ‘‘sink-or- 
swim” method. Frequently the learner who uses this 
method can develop a pretty good dog-paddle, which 
may seem to get him through the deep waters of chemi- 
cal literature fairly well. However, his lack of knowledge 
of fundamental procedures may leave him floundering 
when the going gets rough. There is the ‘‘open-the- 
guide - to - chemical - literature - and - follow - it - 
blindly method” which will certainly lead to exhaustive 
methods of search, but which may fail in giving the in- 
quirer quick help. Neither method will produce in- 
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telligent users of a library. There is also the ‘‘ask-the- 
librarian” method, which may be all right if the librar- 
ian has sufficient background. 

Formal lectures or courses in the use of the library 
have a definite place in the indoctrination of a student, 
but they are not enough, nor does the assignment of 
accompanying library problems in itself guarantee that 
the student will become familiar with library tools. 
The student needs to live with the tools of the library 
throughout his entire college course, connecting each 
subject he studies with the library in some way or other. 
Familiarity, acquired gradually and almost uncon- 
sciously, with essential chemical reference books, will 
stick in his mind far longer than will formal lectures on 
their use. 

For such a program in a college, a two-way program is 
needed. The instructional staff should be library 
minded at all times, and outline their work so that the 
student is sent to it continually in connection with his 
assignments. The librarian, on her side, should be 
instructionally minded and be ready to be a teacher of 
library methods continually, and to tie every contact 
she has with the student with the instructional pro- 
gram of the school. 

It is a great temptation to a busy librarian, when 
asked fot the chemical or physical property of some 
compound, to open a handbook to the proper page, 
point to the necessary figure, and to go on to her next 
job, without stopping to make sure the student knows 
in what book he is looking, how the material was located 
in the first place, and what its limitations in accuracy 
might be. Actually, this type of teaching is the most 
fundamental; it can be so simply done and should be- 
come second nature to the librarian. 

A planned sequence of problems, tied directly with 
the courses which the student is taking, can do much 
toward building up his knowledge of library methods. 
The student may not even grasp for some time that he 
is doing so! For instance, at Case, freshman courses in 
principles of debating bring with them some introduction 
to general encyclopedias, dictionaries, yearbooks, and 
to finding material on current problems in general in- 
dexes to periodicals. This course is followed by one in 
technical exposition, in which the student writes a full 
report on some topic in a technical field in which he is 
interested. Since the student is not yet equipped for 
advanced research the approach is usually that of a sur- 
vey of current and past practice, as shown in the more 
general literature of the subject. In gathering ma- 
terial for this term paper he learns much of the nature 
of what is being published, uses bibliographies, histori- 
cal surveys of his subject, treatises, and particularly 
the more general technical indexes. In all of this the 
library should have an active part. 

I should like to emphasize the importance of this 
type of general training. In working both at Case 
School of Applied Science, and even more so in the 
Technology Division of the Cleveland Public Library, I 
have noticed many times that chemists are very famil- 
iar with the finer, more detailed tools for research, but 
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that they have very little familiarity with quick refer- 
ence or survey methods. They know all the tricks of 
using Chemical Abstracts, and the Zentralblatt, the 
“International Critical Tables,” and Beilstein, but they 
do not know that the Industrial Arts or Engineering 
Indexes exist, or what great time-savers they may be. 
Nor do they realize the amount of scientific data they 
can find in such universally distributed books as the 
unabridged dictionary, the World Almanac, or an or- 
dinary arithmetic textbook. 

In their various courses in chemical engineering and 
plant design our students learn how to locate flow sheets 
in the literature, as well as to draw them from observa- 
tion; in industrial chemistry they learn to use the ab- 
stracts, the chemical dictionaries, encyclopedias, and 
trade catalogs, and to a small extent the patents. In 
organic chemistry they get some introduction to Beil- 
stein and to the annuals on organic syntheses. In their 
senior year a thesis is written which should involve a 
library search of a thorough nature. It seems to me 
that here would be the logical place for an organized 
series of lectures on chemical library methods. The 
work of the earlier years with the more general ma- 
terial should give the students a firm foundation on 
which to build an understanding of the finer tools of 
their trade. 

Perhaps I may seem to have wandered a long way 
from the subject of the librarian’s service to her college 
clientele, but I do not think so. The librarian should 
be in the picture all the way, teaching either individuals 
or groups. There is no one on the college staff who is 
situated more advantageously to do this. She will 
need to be a crusader or missionary and preach her gos- 
pel of books at every chance. The students should be 
taught not only to use their college library but to find 
their way in the neighboring public libraries and other 
special collections, if possible. We send them delib- 
erately to the Cleveland Public Library for this pur- 
pose. They should learn not only that certain titles 
have specific information, but also what kind of books 
to turn to, even when they are not familiar with the 
titles. In other words, they need to know library ref- 
erence method as well as library reference books. They 
need to know their way around in the library world, so 
that they will be intelligent users of books and librar- 
ies, wherever they may be when they leave college. 
If they get this training in college they should at the 
same time gain an appreciation of the value in later 
years of library search and service. 

In all of this training the college librarian is the logical 
one to take the lead. Of course, this presupposes a 
librarian who has a sufficient, background in the sub- 
ject matter of chemistry as well as in library science. 
The importance of this fact cannot be stressed too fully. 
If the librarian is overwhelmed with housekeeping 
she cannot be a good teacher. If she does not know 
the subject matter she can easily lose the confidence of 
the students and of the faculty. The college librarian 
in a special field should be as carefully selected as in 
special chemical industrial libraries. If, however, the 
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college librarian has been able to give her student cli- 
entele some measure of independence, some conception 
of where to turn for printed information, a realization 


of its vast amount and importance, and also an under- 
standing of how to use a good librarian (!) she is truly 
serving her college clientele in a way of lasting value. 


Training for Efficient Service 


BYRON A. SOULE 


University of Michigan, Ann Arbor, Michigan 


NY mention of library service to a librarian in- 
variably prompts the question, ““‘What kind of a 
library do you have in mind?” This is simply a de- 
fense mechanism aroused by extensive general criti- 
cism and suggests the type of alibi being held in re- 
serve for the time when the discussion grows too warm. 
Let us dispose of this question at the outset by stating 
that we are here interested in technical library service, 
which may be interpreted broadly to mean the service 
required by technically trained people in the conduct 
of their business. When technicians need informational 
assistance, whether it be in the laboratory or plant, the 
duty of the librarian is to procure that information if 
published. Furthermore, excuses are not acceptable in 
place of. the desired data. ‘‘The book is not on the 
shelf” is no useful answer to the question, ‘‘What is the 
melting point of lead?’ Such a reply can be due only 
to indifference or incompetence attributable, perhaps, 
to poor training rather than any lack of native ability. 

One other point should be made clear. From the 
standpoint of the reader (anyone going to the library to 
use the books) the mechanics of library work have no 
connection with efficient service. He is interested only 
in the prompt production of the book. Classification 
and cataloging do not concern him, while the diction- 
ary catalog is merely a place to hide cards. Frankly, 
why should a reader be burdened with the librarian’s 
tasks? He doesn’t ask her to perform his experiments. 
Why should she expect him to master her filing rules? 
The answers to these questions, if there are any, plunge 
us directly into the problems of training for efficient 
library service. 

Schools of library science were established many 
years ago to meet the urgent demand for public li- 
brary custodians. Gradually a fairly uniform course 
of training was adopted. It included the six manda- 
tory activities: book selection, classification, cata- 
loging, administration, reference work, and_bibliog- 
taphy, along with a few specialties. Liberally edu- 
cated persons with A.B. degrees were admitted and at 
the end of two semesters of passable work were granted 
a second bachelor’s degree, then sent forth as profes- 
sional librarians. Unquestionably they met the needs 
of the times, but times change. Twenty years ago the 
Carnegie Corporation made an extensive investigation 
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and recommended revisions in the curriculum. More 
recently many caustic articles’ have been published 
but too many schools have merely turned a deaf ear. 
Year after year, as routine drudgery has mounted with 
the ever-increasing volume of printed matter, they have 
firmly entrenched themselves behind the card catalog 
and defied modernization. 

So the first and most obvious step in training for 
efficient service is to start with the source of inefficiency, 
the schools of library science. They must clearly see 
how absurd it is to put five-dollar hand processing on a 
dollar book, especially when the final result—the card 
catalog—is so complicated that it defeats its own pur- 
pose. The schools must call in machine experts 
and let them devise machines to do the drudgery. If 
the human voice can be heard in every corner of this 
earth merely by the use of a few radio tubes, certainly 
some of the processing and servicing operations in a 
library are not insurmountable problems for machinery. 
As the number of identical or type operations increases 
in any field, the call for mechanical aids becomes more 
insistent. Library work reached the “urgent’’ state 
long ago. 

When released from backstage demands, the schools 
will have time to evaluate their objectives. They 
must rediscover the simple fact that the true success 
of a library is not measured in terms of the number of 
books correctly classified, but by the rate at which 
satisfied readers leave the front door. Then the curri- 
culum will be revised and educated librarians rather 
than trained bookkeepers will be the goal. Coopera- 
tion with the various departments will result in the 
production of subject specialists—scientist-librarians, 
technology-librarians, | chemistry-librarians. These 
people will understand the problems of the laboratory 
worker from personal--experience. They will talk his 
language. What is more important, they will know his 
literature and how to search it. They, as true library 
technologists, will keep him informed of the latest 
developments in his special field and, from the library 
angle, be just as essential in his work as he is in the 
laboratory end. 

If many library schools do not soon bestir themselves 
they may disappear. The apprenticeship system will 
regain its former prestige. The special librarians who 
have been so successful in spite of their library school 
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training will, through the Science-Technology Group 
of the Special Libraries Association, establish a sys- 
tem of “in-service” training much like the Westing- 
house and General Electric schemes for training their 
new college-graduate,employees. Due to its very ag- 
gressive, businesslike attitude, the Science-Technology 
Group will tend to promote the investigation of up-to- 
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date methods and encourage their adoption whenever 
feasible. Long experience with the actual problems 
and an acute awareness of their own initial shortcomings 
give this group a foundation upon which to build an 
apprenticeship course of real merit. Perhaps this 
idea is not the solution to the problem, but it may serve 
as a Starting point in the discussion of ways and means. 


Getting News to the Research Staff’ 


IRENE M. 


STRIEBY 


Lilly Research Laboratories, Indianapolis, Indiana 


NE outcome of the Symposium on Technical Li- 

brary Techniques during the American Chemical 
Society meeting in Pittsburgh last fall is the plan of the 
Science-Technology Group of the Special Libraries 
Association to prepare for publication articles that will 
acquaint science students with opportunities awaiting 
them in technical intelligence service. It is hoped that 
this paper will bring forth new suggestions and worth- 
while ideas; our group proposes to serve as a clearing 
house for them. 

The subject of this discussion limits its scope to those 
libraries serving research groups to the exclusion of uni- 
versity and public departmental libraries. It is not 
concerned with methods of getting news to the person- 
nel, marketing, production, and financial divisions of 
an industrial organization although many library staffs 
must keep in mind all of these interests. Neither can 
the dissemination of intracompany information be 
included; obviously it applies only to the very largest 
organizations. Nor is a discussion of search reports 
and bibliographies pertinent. 

The methods in use in 25 representative technical 
libraries have been reviewed and, of that number, it 
was found that only one library was not concerned with 
the responsibility of getting news into the hands of its 
research staff. The other 24 use many or all methods 
of rendering news service, feeling that it is their re- 
sponsibility. To those unfamiliar with the current 
tempo in industry, where everyone is expected to get 
things done day before yesterday, this service may 
sound like spoon feeding. To the executives struggling 
with problems of manpower, substitutes, and govern- 
ment directives and to the research workers who feel at 
times that they have joined the production lines, this 
service is a necessity. 

For calling someone’s attention to an item, the li- 
brarian can always use the telephone. In the long run 
it is agreed that memorandums better serve the pur- 
pose, (a) because the person called is not always avail- 
able, (0) a written note will serve as a reminder if a staff 
member cannot read the article at once, (c) the librar- 
ian can have a record for her file in the event that there 
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is sustained interest in the subject. Some forms of 
memorandums are on display;? usually they are de- 
signed to require a minimum of work on the part of the 
librarian at the time she daily scans the periodicals for 
items of interest. This personalized service is carried 
farther by a botanical librarian who types the notices 
in triplicate on 3 X 5 cards, filing two of the cards un- 
der subject and author in a permanent file. 

Effective use is made of the bulletin board in the fol- 
lowing ways by posting: 

. Lists of periodicals received daily. 

. Advertisements or announcements of new competjtive prod- 


ucts. 
. Book jackets from new books being made ready for circula- 


tion. 
Pamphlets and other miscellaneous material that are not 
circulated. 
. Notices of periodical articles mentioning products developed 
by the research staff. 
3. Acalendar of meetings kept up to date by the staff member 
who looks over the periodicals immediately upon receipt. 
. Scientific news items clipped from the New York Times for 
the benefit of the research worker who read something in 


the paper and forgot the details. 

Many librarians are charged with the task of circu- 
lating patents, for a patent may be an important 
source of news. Where this work is done by the patent 
department, one petroleum librarian correlates the 
patents with abstracts of recent scientific articles. 
The librarian of an Ohio research organization has 
worked out a streamlined method for ordering, distti- 
buting, and indexing patents which allows for circula- 
tion immediately upon receipt, thus making it possible 
for patents to be classed as a source of current informa- 
tion. These forms are on exhibit.? 

Occasionally a special project, calling for up-to-the: 
minute information, takes precedence over all routine. 
Such a one is the penicillin file maintained by a mid- 
west pharmaceutical library. Each new publication, 
be it concerned with the therapeutics, chemistry, assay, 
or production of penicillin is abstracted immediately, 
in quadruplicate, for the library file, for the research 
workers, for the clinicians, and for the penicillin produc 

2 An exhibit was prepared of periodical routing slips, abstract 
bulletins, current journal indexes, and forms for memorandums 
used in libraries in connection with news service. This exhibit wa 


brought to the meeting at which this paper was given and was 
left for remainder of the week at the Cleveland Public Library: 
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tion department. Though not all are concerned di- 
rectly with every phase of the problem, yet each is at 
least informed of current progress. Another example 
is the manner in which a rubber librarian handled the 
huge task of classifying and circulating most of the 
7500 chemical patents and patent applications offered 
to industry by the Alien Property Custodian. The 
applications, being current, can be classed as news. 

Since personalized service is always emphasized, it is 
not unusual to hear of one librarian’s taking the initia- 
tive in sending for a microfilm of an article from a for- 
eign journal not yet received in her library which she 
knows will be of interest to a chemist. Nor is it sur- 
prising when she tells him that the reading machine 
can be wheeled into his laboratory so he can read the 
article while something’s cooking. Perhaps that is half 
the answer to him who saves his reading for a rainy day, 
then prays that rain will never come.’ 

A Michigan librarian who must watch her budget 
carefully wrote how several research executives wanted 
to be at the top of the list to receive a popular business 
forecasting service. Her method of keeping everyone 
happy is to have photostat copies made in the plant 
the day it arrives. Now everyone can be first. This 


may be the answer for items in which there is an im- 
mediate interest but which are too expensive to warrant 
ordering more than one copy. ; 

World War II and postwar plans for industrial ex- 
pansion call for data sometimes not regarded as scien- 


tific but news, nevertheless, to the scientific staff in 
studying new markets, competitive materials, raw ma- 
terials, and substitutes. All have their place as back- 
ground for research, whether information comes from 
official sources of statistical information or is picked up 
here and there. The librarian of one of the larger raw- 
chemical firms regularly prepares and issues data sheets 
on these subjects for the staff. 

The majority of libraries route periodicals. 
send the journal to only one person at a time; others 
use route lists of varying lengths. To counteract the 
universal tendency of the scientist to hang on to a jour- 
nal containing an article of special interest, he can be 
asked to get a photostat of it and pass the journal on, or 
to check his name so it will be returned later. Obvi- 
ously this routing plan is most successful where dupli- 
cate journals can be ordered for the library reading 
toom. When this is impossible, the journals are usu- 
ally on display racks in the library for three to five 
days before going on route. Some, who do not route 
journals, distribute indexes of their contents immedi- 
ately upon receipt. 

Mr. McClelland, technology librarian of the Car- 
negie Library of Pittsburgh, long a student of tech- 
liques of information service, says: “Prompt listing of 
current materials, with good annotations, is probably 
the best system ever devised for conveying information 
toa wide clientele.’’* And so most technical libraries 


Some 


*Smiru, ‘‘Patent service; an arm of research,’’ J. CHEM. 


Epuc., 20, 602 (1943). 
Personal communication. 
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circulate abstract bulletins. These abstracts may give 
either a clear idea of the contents of an article or serve 
as a teaser to encourage the reading of the entire ar- 
ticle. From either angle, more news is covered quickly 
from the organization’s own point of view than if the 
research worker reads only the journals in his particu- 
lar field. 

As a rule the abstracting is done by members of the 
library staff. Our own is different in that approxi- 
mately 75 persons are responsible for one or more jour- 
nals; their abstracts are sent to the library where they 
are edited, references checked, and ditto copy prepared. 
These abstracts appear weekly, in the form of four 
3 X 5 cards to a perforated sheet that allows the recip- 
ient to remove any item of interest for his personal 
file. Included in the same operation are subject, au- 
thor, and cross reference cards made on heavier stock 
for the reference file. News sheets listing new books, 
government documents, printed bibliographies, and 
house organs may accompany the abstracts. 

Since the abstract bulletin is primarily utilitarian in 
its value to the staff, little thought seems to have been 
given to its appearance. It is difficult to distinguish 
this week’s issue from last week’s. There are bulletins 
printed, planographed, dittoed, multigraphed, and 
mimeographed, most of them rather dull in appearance. 
A New Jersey library has solved the problem of same- 
ness by using colored covers; on the back is a list of 
journals received regularly and enclosed is a form to be 
returned to the library with specific requests for orig- 
inal articles covered by the abstracts.’ 

Obviously success in disseminating news depends: 


1. On the interpretation of the duties of the librarian plus an 
adequate staff, both professional and clerical, to carry on the work 
as defined. Never must the librarian be so bogged down with 
routine that she has not time to carry on this more important 


work. 
2. On the ability of the library staff to know and to recognize 


the needs of the research group and its resourcefulness in working 
out methods for getting it done promptly. Added to this must be 
adequate background in the field of interest to be able to recdg- 


nize what constitutes news. 
3. On the cooperation received from departments or indivi- 


‘duals in making known their interests. This problem of keeping 
abstracting pointed in the right direction is simplified when the 
librarian sits in on regular research conferences and when re- 
search reports are indexed and kept in the library. 

4. On the physical setup provided by management to carry 
on the work required, which means not only adequate space in a 
strategic location but also equipment to do the job, such as 
chemical typewriters, microfilm readers, and duplicating service 
of all types. 


From a consideration of the above essentials it is evi- 
dent that an organization must be sold on the necessity 
for the library as a part of its research program, then 
approve plans for a library that will fit its particular 
needs. Philosophies of librarianship vary; no library 
appears to follow the pattern of another. The most 
successful are those with a library staff capable of in- 
terpreting and doing well the duties given them, and it 
is hoped that more science students will be attracted to 
the field of technical library service. 





Hugo Weidel, 1849-1899 
A Tribute 


MORITZ KOHN 
New York City 


(Translated by Ralph . Oesper, University of Cincinnati) 


wih Sér Gesetaghatt © xe eviet® Kueet wher 


HE significant roles played by Lieben and Skraup 

in the development of chemistry in Vienna were 
discussed in a previous paper.! Their colleague, Hugo 
Weidel, likewise was one of Austria’s leading chemists. 
The writer was assistant to Lieben and Skraup from 
1900 to 1910; he also studied under Weidel. This 
account of the latter’s important contributions to or- 
ganic chemistry is presented here as a token of the debt 
owed to a great chemist and a fine teacher. 

Hugo Weidel was a typical Austrian product. Born 
at Vienna on November 13, 1849, he spent his whole 
career there, except the student years in Germany. 
His chemical training was begun at the Vienna Poly- 
technical School under Hlasiwetz, and continued at 
Heidelberg (Ph.D. 1870). He returned to Vienna and 
served as assistant to Hlasiwetz until 1874. He then 
was appointed section chief in the Chemical Laboratory 
I of the University of Vienna. The director, Schneider, 
was succeeded in 1876 by Ludwig von Barth, in whom 
Weidel found a high-minded superior, who favored the 
advancement of his junior colleague in every way pos- 
sible. 


1 Koun, J. Cue. Epuc., 20, 471 (1943). 


Chemical Laboratory II of the University was headed 
at this time by Rochleder, who was succeeded in 1875 
by Lieben. The latter’s successor (1906) was Skraup. 

In 1886, Weidel was called to the Agricultural In- 
stitute as professor. His creditable record brought 
him the appointment as head of Chemical Laboratory 
I, in succession to Barth, whose untimely death came 
in 1891. Weidel filled this important post, with dis- 
tinction, until his own death in 1899. 

Hlasiwetz was interested in various vegetable prod- 
ucts, and at his suggestion and invitation Weidel col- 
laborated with him. These first research efforts were 
soon followed by a study of the constituents of meat 
extract, and the findings were published in 1871. The 
material was furnished by none other than Liebig, whose 
name is still linked in the minds of the nonchemical 
public with his world-famous “Beef Extract.’’ Weidel, 
together with Habermann, published (1873) a detailed 
analysis of the drinking water supplied to Vienna from 
a new source. 

Weidel’s really significant work originated in another 
suggestion by Hlasiwetz, who thought that interesting 
results would be obtained if alkaloids were oxidized 
with nitric acid. These studies proved to be a veritable 
milestone in the development of the chemistry of al- 
kaloids. Hlasiwetz at once appreciated the importance 
of Weidel’s first findings and, without waiting for 
publication in Liebig’s Annalen, hurriedly reported the 
results to the Vienna Academy of Sciences on January 
16, 1873. 

The oxidation of nicotine with nitric acid yielded 
nicotinic acid (I), which Huber had obtained in 1867, 
but had failed to characterize chemically. In 1874, 
Weidel oxidized cinchonine and so discovered cincho- 
ninic acid (II), cinchomeronic acid (III), and carbocin- 
chomeronic acid (IV). In 1879, he discovered berberonic 
acid (V) among the oxidation products of berberine. 
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Since all these acids on decarboxylation yielded pyt 
dine, or quinoline, Weidel’s attention was attracted 
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to these parent substances of the alkaloids. In this 
field, he, like his colleague Skraup, who was one year 
his junior, was to achieve great success. Their work 
often touched or overlapped, but also their results fre- 
quently supplemented each other. 

Koerner, in 1869, and Dewar, in 1871, independently 
proposed that the structure of pyridine is analogous 
to.that postulated for benzene by Kekulé, their revered 
teacher. Weidel was intrigued by the idea of search- 
ing for the possible isomeric substitution products of 
pyridine predicted by the Koerner-Dewar formula. 

Pyridine and pyridine bases had been discovered 
by Anderson in his investigation (1849 to 1851) of the 
so-called animal tar or bone oil obtained by heating 
bone meal. In 1879 Weidel began to restudy this oil. 
The rich harvest of new observations and discoveries 
garnered from his ambitious program is contained in a 
series of five papers. The researches were made pos- 
sible by Joseph Loschmidt (1821-1895), the celebrated 
professor of physics in the University of Vienna. This 
gifted man, the son of poor peasants, made important 
contributions to chemistry, and physical chemistry as 
well as to his own field. He had originally studied 
chemistry and worked in industrial chemical plants 
before making his final choice of profession. Through 
Loschmidt, Weidel became acquainted with the in- 
dustrialist Benedikt Margulies, who allowed Weidel 
to use his plant equipment to fractionate 1400 kg. of 
bone oil. This yielded 18.51. of pyridine bases. Even 
in the first paper (1879) he was able to report that the 
picoline obtained from bone oil is not a single substance, 


Die Quaéstur. 


but contains a- and 6-picoline (VI, VII). Oxidation of 
the picoline had yielded not only picolinic acid (VIII), 
hitherto unknown, but also nicotinic acid (IX). 
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Many years later it was found that this careful study 
of the preparation and properties of nicotinic acid had 
an extremely high practical value. It and some of its 
derivatives are now known to be important with respect 
to biochemistry and medicine; in the treatment of 
pellagra, for instance. 

The third pyridine mono-carboxylic acid predicted 
by the Koerner-Dewar formula was discovered in 1879 
by Skraup, who was then working in Lieben’s labora- 
tory. In the third paper (1880), Weidel and Herzig 
reported another method of preparing this pyridine- 
4-carboxylic acid (X). They named it isonicotinic 
acid. 

The fourth paper contained an account of the work 
of Weidel and Ciamician on the dry distillation of bone- 
glue (gelatin). In the course of this study they dis- 
covered pyrocoll. It is the dimolecular tricyclic 


anhydride (X1) of pyrrole-a-carboxylic acid. 
COOH ACO. 
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Weidel left to Ciamician the investigation of the 
nonbasic portions of bone oil. The young chemist was 
highly appreciative of this considerate action. Even 
as a student in Vienna he thus began his important 
work on the pyrroles. He continued this field when he 
returned to his native country and became one of the 
leading authorities on these compounds. Ciamician 
(1857-1922) developed into the leading organic chemist 
of Italy. This early recognition of his talents and the 
confidence in his abilities exhibited by his teacher, 
Weidel, doubtless were significant factors in setting 
Ciamician on the path that led to his later achievements. 

An early sequel to Weidel’s discovery of cincho- 
meronic acid was his observation that this compound 
lost ammonia when treated with sodium amalgam in 
warm alkaline solution. A nitrogen-free tribasic acid 
is formed. In time he demonstrated that this is a 
fairly general reaction of pyridine mono- and dicar- 
boxylic acids. Almost 20 years of persistent labor 
were necessary to elucidate this reaction completely, 
a success that demonstrated the high quality of his 
chemical thinking. The reaction is an interesting 
example of transition from the pyridine to the aliphatic 
series. It ee the remarkable change: 
| ! | 
CH=N—CH—CO—O—CH), in that the third double 
bond of the pyridine nucleus is also hydrogenated at the 
same time and aliphatic lactone acids are formed. 
Thus cinchomeronic acid (XII) yields a-methyloltri- 
carballyic acid (XIII), which goes over into its lactone, 
cinchonic acid (a-valerolactone-8,y-dicarboxylic acid) 
(XIV). The latter, when subjected to dry distillation, 
loses water and carbon dioxide, and the anhydride of 
pyrocinchonic acid (dimethyl maleic anhydride) (XV) 
results. 
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Weidel’s interests, in his last years, turned especially 
to the hydroxilated benzenes. His teacher Hlasiwetz 
had discovered phloroglucinol in 1855. In Weidel’s 
laboratory it had been observed that sometimes amino 
groups were replaced by hydroxyls. This led Weidel 
to suggest to his student Flesch an examination of the 
action of water on the hydrochloride of 1,3,5-triamino 
benzene (XVII). It was found (1897) that complete 
exchange occurs and phloroglucinol (XVIII) forms. 
The preparation was accomplished in three stages with 
benzene as starting material through 1,3,5-trinitro- 
benzene (XVI). 
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This method can be used in a great many cases. For 
instance, Weidel and Wenzel used it to prepare 
methyl phloroglucinol (XIX) from toluene, dimethyl 
phloroglucinol (XX) from meta xylene, and trimethy] 
phloroglucinol (trihydroxy mesitylene) (XXI) from 
1,3,5-trimethyl benzene (mesitylene). 
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The Weidel method, the best and simplest for preparing 
phloroglucinol and its homologs, was the basis of a 
patent issued to Cassella and Co. 

Weidel was an enthusiastic teacher. Although he 
expended most of his energy in laboratory instruction, 
he was nevertheless an excellent lecturer. He was a 
man of vision and avoided one-sided specialization. 
Though primarily an organic chemist, he was also well 
versed in the theory and methods of the inorganic and 
analytical fields. The writer followed, with great 
interest and profit, his lectures on inorganic chemistry 
and his course on the tri- and quadrivalent metalloids. 
The lectures were of the highest quality, both in form 
and content, and were accompanied by excellent dem- 
onstration experiments. His able demonstrator was 
Franz Wenzel, who had collaborated with him in the 
preparation of phloroglucinols. Under Weidel’s guid- 
ance, Wenzel (1894) synthesized kynurine and so proved 


it to be 4-quinolinol, 
OH 
a 


Weidel’s diligence and continued effort were almost 
incredible. At noon he left the laboratory briefly to 
take coffee with a few intimates in a nearby cafe and 
to glance through the newspapers. He could then be 
seen hastening back to his work. His countenance dis- 
closed his complete immersion in the problem at hand. 
Absolutely unpretentious, his dominant desire was to go 
through life in a simple fashion. The world could give 
him no distinctions; to him there was only one worth- 
while honor: the opportunity to serve science and edu- 
cation with unselfish devotion. 

On June 7, 1899, he delivered, as usual, a lecture on 
pharmaceutical chemistry from 7 to 8 a.m. He then 
went to his laboratory. Suddenly he had a painful 
heart attack to which he quickly succumbed. Lieben, 
in the obituary to his respected colleague said: ‘‘The 
days were too short for him, and he borrowed from the 


(Continued on page 379) 





Recent Chemical Patents 


WILLIAM S. HILL 
Member, Examining Corps, United States Patent Office 


Dental Impression Compound. No. 2,345,255. 
Charles V. Gross, Penfield, Pennsylvania, assignor 
to the S. S. White Dental Manufacturing Company. 
Compositions commonly used for making dental im- 

pressions are plaster of Paris, thermoplastic molding 

substances, modeling compositions having resinous 
bases, and hydrocolloidal compounds. 

The composition described in the present patent is 
asserted to be a distinct improvement over all of the 
above, and usable in industry wherever there is need 
for accurate impressions of articles to be copied. 

The elastic base ingredient in the composition is algin 
in the form of sodium or ammonium alginate. Algins 
are extracted from various seaweeds. They form col- 
loidal solutions which may be gelled by adding salts of 
many bivalent metals. Calcium citrate and borate 
are suitable salts for causing gelation. 

An example of one formula for the impression com- 
pound is: 

Parts by Wt. 


Algin (commercial ammonium alginate)............. 
Calcium borate ; 
Precipitated chalk (filler) 

Coloring or flavoring if desired 


Thirty grams of the above mixture may be added to 
30 cc. of watersand worked with a spatula to form a 
paste. With the aid of an impression tray this paste 
may be pressed against teeth and gums in the mouth. 
The mass gels in three or four minutes, after which 
it may be removed in one piece. 


Process for Cultivation of Fat-forming Molds. No. 
2,346,011. Helmut Damm, Duesseldorf, Germany, 
assignor to The Procter and Gamble Company. 
This process has possibilities of taking care of future 

fat shortages. 

The method utilizes submerged cultivation of micro- 
organisms of the classes of Ascomycetes and Phycomy- 
cetes. Genera which have been used are Rhizopus, 
Mucor, Mortierella, and Gibberella. 

Each particular species has its own optimum culture 
conditions. In general nutrients such as molasses and 
sulfite liquors may be used. Phosphorus and nitrogen 
must be present. A submerged stock culture consist- 
ing of normal mycelium is inoculated in the nutrient 
solution. With suitable nourishment and proper aera- 
tion the diameter of the lumen of the mycelium in- 
creases two to three times within the first 24 hours, and 
the formation of droplets of fat sets in. With con- 
tinued aeration the increase in fat content continues. 
Care must be taken to prevent formation of a crust on 
the surface of the liquid. 

The fat, which reaches about 60 per cent of the 
weight of the dry mass, is extracted with solvents. 
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Spectrochemical Analysis Method. No. 2,344,719. 
Ralph E. Nusbaum, e al., Detroit, Michigan, 
assignors to General Motors Corporation. , 

The spectrochemical analysis of cast iron containing 
small amounts of tellurium has been very difficult be- 
cause the rarer element is quickly burned away, leaving 
its less readily vaporized associates. This same prob- 
lem is met with in many other specific cases. 

The patentees have provided a method in which a 
constantly changing surface of the test material is pre- 
sented to the excitation of the are or spark. Elec- 
trodes are mounted off center as shown in Figure 1 and 
are constantly rotated while an electric arc is struck. 
Photographs of the are spectrum are taken with the 
spectroscope indicated generally at 6. 

The electrodes are preferably rotated in opposite di- 
rections. They are disposed either with their axes 
parallel or at any angle between 0° and 180°. 


Space Sterilization. No. 2,344,536. Stewart C. 
Coey, et al., assignors to Research Corporation, 
New York City. 

This patent provides a sequel to U. S. Patent No. 2,- 
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333,124, a condensation of which appeared in Tus 
JOURNAL, February, 1944, page 68. 
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FIGURE 3 


It was noted that the earlier issued patent described 
a method of using ethylene or propylene glycol to 
sterilize large volumes of air. 
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The present patent describes a method and apparatus 
for efficiently saturating the air in a room with the gly- 
col vapor. The general method is to draw a portion 
of the air in the room through the unit shown in the 
figures. Here it passes over films of the glycol heated 
to from 150° to 250°F. and then the vapor-laden air 
mixes with the rest of the air in the room. It is stated 
that a stream of air at 200°F. can be used to saturate 
over 200 times its volume of air at 77°F. in a short 
time. 

Figures 2 and 3 are diagrammatic views of apparatus 
used to carry out the method. Figure 3 shows one 
cross-sectional view of the unit. The chamber is 
filled with triethylene glycol to the level indicated by 
the dotted line near the bottom of the figure. Circular 
plates, shown at 130 in Figure 2, rotate in the liquid. 
Air is drawn through the chamber as shown in Figure 3, 
is heated by units 129, meets the film of glycol on the 
plates 130, and becomes saturated with vapor at the 
elevated temperature to which the air has been heated. 
This saturated air is expelled from the apparatus and 
allowed to mix with the rest of the air in the room. 


Manufacture of Rayon. No. 2,345,345. Theodore 
Koch, Osterbeek, Netherlands, assignor to American 
Enka Corporation, Enka, North Carolina. 


This invention relates to the manufacture of rayon 
having a wool-like character. This type of fiber is de- 
sirable because it has a better affinity for acid wool 
dyes than has ordinary unmodified rayon. 

A homogeneous spinning solution is made from vis- 
cose in the form of casein, or soybean, or zein deriva- 
tives. The protein is first subjected to partial de- 
composition with alkali such as NaOH. The proper 
extent of decomposition can be quickly determined with _ 
the aid of a microscope. It must be such that the pro- - 
tein forms a homogeneous solution with the viscose and 
coagulates immediately when extruded into the spin- 
ning bath. The partially decomposed protein is mixed 
with formaldehyde before being added to the viscose. 
Another desirable feature is the presence of salts such 
as MgSO, and NazSO, in the spinning bath. 

The rayon-protein thread which is formed may be 
spun into yarn which dyes about as well with acid wool 
dyes as does wool itself. 


Prevention of Ice Accretion. No. 2,346,891. George 
Stuart Adlington, Winton, Alfriston, England. 
The solution to the problem of preventing ice from 

adhering to airplanes has been sought in many direc- 
tions. Hot gases have been piped to the leading edges 
of the airfoils. Rubber shoes which can be expanded 
to break the accumulated ice are in practical use. An- 
tifreeze solutions have been supplied to wings and pro- 
peller through piping systems. 

Adlington’s method makes use of well-known chemi- 
cal principles. First, an adherent undercoating is ap- 
plied to the aircraft surface. This is preferably a solu- 
tion of completely polymerized glycerol phthalate in 
acetone. The finishing coating is a creamy solution of 
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glycol stearate in ethylene glycol. The patentee states 
that uranium salts added to the cream tend to promote 
water shedding. 

The ethylene glycol, familiar as automobile radiator 
antifreeze, acts as a plasticizer for the hard varnish- 
like undercoating and also as a freezing-point depres- 
sant. It is stated that ice in contact with the treated 


surface will melt and finally slide bodily off the aircraft. 


Process for Making Lasting Records. No. 2,345,- 
549. Peter S. Christaldi, e¢ al., assignors to Allen 
B. Du Mont Laboratories, Inc., Passaic, New 
Jersey. 

This is an interesting method of making lasting 
figures and designs quite simply with the aid of ultra- 
violet light. 

Wood, metal, glass, or film on which the record is to 
be made is coated with an aqueous emulsion of zinc 
cadmium sulfide and manganese. The ratio of the two 
substances is between 1000 to 1 and 10,000 to1. About 
85 per cent zinc and 15 per cent cadmium are present 
in the zinc cadmium sulfide. The material is emulsified 
in gelatin, polyvinyl alcohol, methyl cellulose, or some 
other suitable water-soluble medium. A film of this 
bright yellow emulsion is applied to the backing mem- 
ber. The film is first exposed to moisture, then to a 
source of ultraviolet light which may be, for example, a 
pattern on the viewing screen of an oscillograph tube. 
The parts exposed to the light from the pattern quickly 
change to a gray color. 


Synergists to Aerosol Insecticides. No. 2,345,891. 
William N. Syllivan and Lyle D. Goodhue, as- 
signors to the Secretary of Agriculture. 

Certain agents can be added to aerosol insecticides to 
increase toxicity. These substances may or may not 
be toxic in themselves. These added materials are 
known as synergists. 

Suitable materials for the purposes of the present in- 
vention are most often found among that class of chemi- 
cals which are either surface active or which act as 
detergents in nonaqueous solvents. Some examples are 
fatty acids and the mono esters of fatty acids, ethylene 
or propylene glycol, glycerin, and sorbitol. 

A substance often used as an insecticide was taken as 
a base and up to 10 per cent of the synergist was added. 
Examples given in the patent specified ortho-dichloro- 
benzene as one common base. When small percent- 
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ages of lauric or oleic acid were added to the base sub- 
stance its toxicity was startlingly increased, according 
to the results tabulated in the specification. One hun- 
dred per cent kills against houseflies and cockroaches 
were obtained, as compared with kills ranging from 30 
to 70 per cent without the synergist. When used alone 
the toxicity of the synergist was negligible. 


No. 2,345,827. Hubert L. 


Purification of Water. 
Olin, Iowa City, Iowa. 
Bentonite clay, such as that found in the Black Hills 

of Wyoming and South Dakota, has proved to be ex- 

tremely versatile. It has appeared as a useful agent 
in literally thousands of chemical patents for almost 
everything but a breakfast food. 

The present patent describes the use of the sodium 
bentonite clays in the clarification of water. 

Silt and most of the bacteria commonly found in 
water are negatively charged dispersoids. A slurry of 
the bentonite is thoroughly mixed with the water being 
treated. The proportion added is about 40 to 50 parts 
per million. Due to the ionizable salts naturally pres- 
ent in water, flocculation starts almost at once and the 
flocs settle to the bottom. Only in case of extremely 
turbid water must more than the above amounts of 
bentonite be added and then some lime should be used 
also. 

The method has the advantage of not adding addi- 
tional hardness to the water, as happens when alumi- 
num or ferric salts are used. 


Sewage Treatment. No. 2,345,828. Hubert L. Olin, 


Iowa City, Iowa. 

This is a companion issue to No. 2, 345,827, the con- 
densed version of which appears above. 

The sodium bentonite clay is, in this case, used for 
purifying sewage. Ordinary clays will not flocculate 
sewage because the clay particles and the sewage parti- 
cles are all negatively charged at an existing pH, which 
is on the alkaline side. Bentonite also carries a nega- 
tive charge when in suspension, but due to the retention 
of large proportions of water of hydration the substance 
acts very effectively as flocculating agent for the sewage. 

The proportions used are about 50 to 200 parts of 
bentonite per million parts of sewage. Settling time 
is about four to six hours. Although simple, the treat- 
ment is stated to give results comparable to the trick- 
ling filter and the activated sludge processes. 


HUGO WEIDEL, 1849-1899 (Continued from page 376) 


nights; the weeks were not long enough, and he sought 
help from Sundays and holidays; the academic year 
was too brief, and he took from the vacation. He ob- 
viously sensed that the time at his disposal was to be 
short. He was always to be found in the laboratory; 
like a hero he fell at his post.’’ 


This condensed account of Weidel’s extensive re- 
searches gives a picture, admittedly incomplete and 
inadequate, of the brilliant things he accomplished in 
his regrettably short career. However, he was granted 
enough time to earn a place of honor in the annals of 
chemistry. 





Here and There in the Trade Literature 


EVERAL very interesting reviews appear in the 
May, 1944, Nutritional Observatory (H. J. Heinz 
Company, Pittsburgh 12, Pennsylvania). One of 
these, on the effect of cooking on the nutritive value of 
foods, particularly concerns the losses in vitamin con- 
tent which may result from cooking under different 
conditions. Another discusses the importance of con- 
trol of pH in the processing of food. The fat supply 
during wartime is also discussed, and it is pointed out 
that whereas the depletion of the fat supply was very 
possibly an important factor in the collapse of Germany 
in 1918, during the present war Germany is probably in 
a better position in this respect than any other Euro- 
pean warring power. 


Curves and References (Wilkens-Anderson Company, 
111 N. Canal St., Chicago, Illinois) is entirely de- 
voted to abstracts of analytical papers, particularly 
those involving colorimetric or turbidimetric methods. 
Analysts will find the collection useful. 


Erpi Film News (Encyclopaedia Britannica Films, 
Inc., 1841 Broadway, New York City) should be fol- 
lowed by everyone interested in developments in the 
field of visual education. In the May, 1944, number 
the following episode appears, to illustrate the point 


that a good film does not pile up words, as a lecturer 
may, to stumble around cloudy thinking: 


“Not long ago one film maker made a film to teach electro- 
statics. He retained a University of Chicago physicist to help. 


The physicist sent the animator a three-page description of the 
flow of electrons through a condenser. The animator followed 
the flow up to the middle of page two, where it vanished in words, 
He called the physicist. 

‘** ‘Tt’s simple,’ said the physicist. He picked up his chalk and 
breezed right through—up to the middle of page two. 

““T got that far too,’ chided the animator, and the professor 
sat down with the description and started again, working very 
slowly, with the animator watching him, waiting. Finally the 
professor looked up. ‘You know,’ he sighed, ‘I’ve been teaching 
this wrong for 20 years.’ ”’ 


Cenco News Chats (Central Scientific Company, 1700 
Irving Park Rd., Chicago, Illinois) is probably well 
known in most laboratories. Just in case it is not, we 
would mention a good article on vacuum technique in 
the June, 1944, number. 


‘Distress under the elms’’ is the title of a nicely il- 
lustrated article on hay fever and tree pollen allergies 
in general, in the May, 1944, number of What’s New 
(Abbott Laboratories, North Chicago, Illinois). In 
the same number is an excellent collection of reproduc- 
tions of penciled ‘Sketches from an Abbott war artist’s 
notebook.” 


An article, ‘“Gasoline in your post war car,’’ in the 
June, 1944, Shell News (Shell Oil Company, Inc., 50 
West 50th St., New York City) not only discusses the 
main title but also presents some interesting old pic- 
tures of automobiles from 1899 to the present. You 
can recognize some old friends, if your experience goes 
back far enough. 


The First Hundred Years 


HIS year marks the 100th anniversary of the death of John 

Dalton, the founder of the atomic-molecular theory of 
chemistry. This English school teacher was the first person to 
propose a theory describing the constitution of matter which 
could be tested by laboratory experiment. He defined elements 
as composed of minute indivisible particles called atoms, all 
atoms of one element being precisely alike, but differing recog- 
nizably from those of other elements. His postulates were that 
these atoms combine in simple, definite proportions to form 
chemical compounds. Dalton’s theory was the beginning of the 
chemical equation, and for the first time put chemistry on a 
quantitative basis,thus laying the foundation for its present 
great industrial scope. 

Dalton’s atomic theory brought to a concrete, useful form 
centuries of speculation on the ultimate composition of matter. 
As early as the fifth century B.c., Leukippos and Demokritos 
supposed that different kinds of matter differed in size, shape, 
and weight of the component atoms, but that the atoms all con- 
sisted of the same primal substance. A similar atomic theory 
based upon atoms made up from one prima materia was held in 
modern times by Descartes, Newton, Gassendi, and others. 
Robert Boyle had an atomic theory, and in ‘‘The Sceptical Chy- 
mist,” 1661, raised the question of the number of different ele- 
ments and of the experimental criteria distinguishing elements. 
M. V. Lomonosov, who died the year before Dalton was born, had 
a theory which was somewhat similar to Dalton’s, but not con- 


tinuous with the ideas of his fellow chemists. 

Dalton’s principles are among the few scientific ‘‘laws’’ which 
have remained unchanged by subsequent research, yet they are 
so simple that they are often misunderstood. They are not 
actually laws, but rather definitions of a chemical compound as 
a substance in which atoms are bound together in simple pro- 
portion. One of today’s active fields is the study of solids in 
terms of their deviations from Dalton’s simple rules, in that 
their atomic constituents are not present in exactly the propor- 
tions called for by his definition of a pure chemical compound. 
For instance, some crystals, although pure, are not chemical 
compounds. The activity of a photographic plate is probably 
caused by a slight excess of silver always present in silver chloride 
crystals. The colors of some gems and minerals and the activity 
of some powders for fluorescent lamps can be similarly explained. 
Fields where a knowledge of the deviations from Dalton’s ‘‘laws” 
may have a profound effect include the reduction of ores, as it 
a blast furnace, corrosion, illumination, and television. 

Every student of scientific method will regret that the air raid 
of December 10, 1940, on Manchester, utterly destroyed the 
premises of the Manchester Literary and Philosophical Society 
where Dalton, as President, taught, lectured, and experimented. 
Nature reports that after “digging among the ruins, the only 
things found were his gold watch and spark eudiometer,’’ and 
worst of all only “‘some charred remains of letters and note 
books.”—Industrial Bulletin of Arthur D. Little, Inc. 
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Out of the Editors 


ae problem of terminal courses for junior colleges 
has been brought up many times. A real attack 
on this problem was made by Mr. Arthur Furst, of the 
San Francisco Junior College, who carried out, practi- 
cally single handed, ‘‘a survey of laboratory operators in 
the San Francisco Bay area.” The result, which was 
sent us recently, is a careful study of the local situation, 
with the object of determining whether there was a de- 
mand for ‘‘laboratory operators”’ in that particular area, 
whether there was a good prospect of placing trainees 
from that particular college, and if so, what kind of a 
course of training should be offered them. 


In the introduction to his survey Mr. Furst says: 


“This survey was limited to the investigation of a single oc- 
cupation—that of the chemical laboratory operator, an occupa- 
tion that is found in many industries. We made this limitation 
because we were concerned in this survey with the type of occupa- 
tion for which San Francisco Junior College could offer training in 
chemistry on a short-term basis. Therefore, we were not con- 
cerned with those occupations in the San Francisco Bay area 
which require a long-term training program in chemistry... . 
We have used the term Jaboratory operator as one who carries out 
all of the laboratory operations and analyses under the direction 
of a graduate chemist.’’ 


After having ascertained that there was a local de- 
mand for laboratory operators, which could be filled by 
his institution, he proceeded—with the help of many 
suggestions from industry—to outline a course for the 
purpose. Its general features cover several items: 
techniques, including general analytical procedures, 
glass-working, soldering, use of electrical apparatus; 
reading instruments, involving measurements of length, 
volume, mass, density, pressure, temperature, etc.; 
laboratory hazards and precautions, such as fire and 
poisons; storeroom assignments, such as care of tools 
and supplies, cleaning and labeling glassware, calibra- 
tions, filing and general bookkeeping; chemical calcu- 
lations; simple statistics; references. 


@ The amazing aerial missions now being flown by our 
fighter and bomber planes are in large part the result of 
splendid navigational instruments. Among these is 
the Sperry gyropilot, which automatically keeps the 
plane in level flight and on steady course. The advent 
of the gyropilot brought with it the need for highly pre- 
tise hydraulic equipment and for standardization of 
testing procedure and apparatus, for each instrument 
must be tested individually before it is released for 
use. One of the most vital items in this testing is the 
hydraulic hose used for all connections on the test 
stands. Not only must it be oilproof and flexible but 
itmust be resistant to rapid changes in pressure and to 
‘xtreme mechanical stresses set up as the test stands 
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CONTROL UNITS OF SPERRY GYRO INSTRUMENTS ARE TESTED 
ON THESE OSCILLATING PLATFORMS WHICH SIMULATE THE YAW- 
ING, PITCHING, AND ROLLING OF AIRCRAFT 1N FLIGHT. COMPAR- 
LINED Hose ASSEMBLIES CARRY THE HyDRAULIC FLUID. 


simulate the most rigorous conditions of actual flight. 
It was found that a hose with a core of compar, a vinyl 
resin derivative developed by the Resistoflex Corpora- 
tion, was the only hose capable of meeting satisfac- 
torily the rigid requirements of production testing. 
The illustration shows a part of one of the test instalfa- 
tions. 


e@ The gasoline shortage has led to a great increase in 
the activities of purveyors of fuel ‘“‘dopes,’’ according to 


the National Bureau of Standards. These are reputed 
to increase fuel mileage and otherwise improve the 
operation of automobiles. Several of the dopes have 
been widely advertised. 

Although the National Bureau of Standards has 
tested hundreds of them in the past, both in the labora- 
tory and in vehicles on the road, without finding bene- 
ficial results, extensive tests are being completed on 
some of the newcomers in the field to make doubly sure 
of the conclusions. 

The findings as they now stand are that none of the 
fuel dopes used in small amounts, such as an ounce or so 
per gallon of gasoline, have any measurable effect, de- 
sirable or otherwise, on the operation of the automobile 
or the miles per gallon of fuel. 
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@ From Food Materials and Equipment we learn that 
investigators have proved that humans lose relatively 
little of the vitamin content of their bodies by excretion 
in perspiration. They therefore reassure Victory 
gardeners that they will not lose more vitamins in 
sweat this summer than they are able to raise out of the 
ground by the toil which induces it. They say: “Even 
under severe conditions that necessitate a daily loss of 
10 to 15 liters of sweat, excretion of vitamins is con- 
siderably greater in the urine than in the sweat. Few 
observers have been seriously concerned over urinary 
loss as a cause of vitamin depletion, and we consider 
that they should be even less exercised over losses in the 
sweat.” 


@ Measurements of electrical conductivity are among 
the most important practices in laboratory and plant. 
For those interested in this field we recommend a bul- 
letin recently issued by Leeds & Northrup Company 
(Philadelphia 44, Pennsylvania) entitled, ‘‘Apparatus 
for Electric Conductivity Measurements in Laboratory 
and Plant.” 


@ The June, 1944, number of Domestic Commerce car- 
ries the following item in an article on the postwar out- 
Jook on fats and oils: 


The war has brought about changes in uses, forms, and sources 
for fats and oils. The chemists and technical men have de- 
veloped new techniques for. handling materials. We have un- 
covered new sources of supply. The outbreak of this war em- 
phasized the potential importance of the millions of oil-bearing 
plants in northern Brazil. Those from that section of the 
country between Bahia and Belem could replace the vegetable 
oils which had been imported from the Far East before the fall of 
Singapore, the Philippines, and the Netherlands Indies. Statis- 
tically, if not realistically, our peak imports of copra, including 
coconut oil converted to terms of copra, were only one-fifth of 1 
per cent of Brazil’s 300,000,000-ton yearly babassu potential. 

Cottonseed oil has remained as one of the most dependable of our 
edible oils, while soybeans increased in importance until by 1942 
we had even surpassed Manchuria’s peak production of this 
versatile oilseed and feed crop. 

With imports of lauric acid oils and of tung oil dependent upon 
open shipping lanes in the Pacific Ocean, it is evident that any 
thought of postwar conditions should include some measure of 
insulation against an interruption of these imports in the future. 
Castor beans from central and southern Brazil have done a 
swell job in pinch-hitting for Chinese tung oil in the past several 
years. 

By dehydration methods, castor oil’s principal use during war- 
time has been asa replacement for tung oil in the manufacture of 
waterproof protective coatings. Development of transportation 
in northern Brazil and an assured market in the United States for 
‘babassu kernels would provide a needed insulation in this hemis- 
phere against a future shortage of a necessary high-glycerin- 
yielding soap fat from raw materials produced only in the tropical 
zone. There are also vast undeveloped areas of tropical oil nut 
palms in Central America that will some day help supply the 
world’s needs. 

We have developed new production and eating habits. Bone- 
Jess beef production has been currently expanded for military 
needs. If it continues important in the postwar period, this 
would add to the availability of edible tallow and decrease the 
meed for vegetable oils. This might lessen the amounts of in- 
edible tallow for the soapers’ needs, which would increase the de- 
mand for hard fats, such as imported palm and whale oil, with 
tthe price ratio as a determining factor. 


JouRNAL OF CHEMICAL Epbucation 


@ “The ABC of Luminescence’’ is the title of a booklet 
just issued by the New Jersey Zinc Company (16( 
Front St., New York) which contains some very inter. 
esting material about fluorescent and phosphorescent 
paints, pigments, etc. Strictly nontechnical. 


@ The paper elsewhere in this issue, by J. W. Perry, 
urges those who want to learn to read Russian to read 
Russian—in the form of simple chemical articles, text- 
books, etc. The same can of course be said for other § 
languages. There is, for example, much easy chemical 
literature available in Spanish, much of it with parallel 
English translations. For instance, the paper by 
Dobbins and Kapp, “A semimicro scheme of qualita- 
tive analysis for the anions,”’ in our March, 1943, num- 
ber, has been translated in Ph, the official organ of the 
Asociacién de Estudiantes de Quimica, of Montevideo, 
Uruguay. This little journal, by the way, deserves 
calling attention to, for it is a commendable and ambi- 
tious effort to bring about organization among the 
scattered students of chemistry in South America. 


@ Ina recent paper by Dr. Fred I. Kent, chairman of 
the Commerce and Industry Association of New York, 
we came across the following paragraph: 


The continuous production of wealth is essential to economic 
and social progress. A nation cannot make economic and social 
progress by penalizing those who produce wealth with confisca- 
tory taxes and giving seized wealth away to those who are not 
making a substantial contribution to the total store of wealth. 
Confiscation and redistribution of wealth do not create wealth. 
They tend to destroy the incentive of labor to produce, of mar- 
agement to organize and direct, and the capacity of capital to 
provide the funds to finance production. 


This seems to us to be a very apt summarization of 
the general principle behind an economic society based 
upon so-called capitalistic “free enterprise.” Cat 
someone supply us with an equally apt summary 0! 
the principle of socialistic economy? These are matters 
upon which we must obviously do some heavy thinking. 
One of our first postwar problems is to decide how much 
we lean one way or the other. 


@ For those who want to keep up with the most recet! 
trend of events we strongly recommend ‘The Story of 
Penicillin,” a bulletin recently published by Merck & 
Company, Inc., Rahway, New Jersey. 


e@ In the June, 1944, number of School Science and 
Mathematics is an article entitled, “‘“Frank B. Wade— 
master teacher.” Mr. Wade is a long-time member 0! 
the Division of Chemical Education and contributor t0 
Tus JOURNAL, and his many friends among our readefs 
will be interested in this testimonial to his influence. 
“His main idea in teaching chemistry is not to teach 
subject matter, but to teach students to think scientil 
cally and to have an appreciation of science in gel 
eral.”’ 


@ From Food Materials and Equipment we learn of al 
interesting large-scale experiment which is now unde! 


(Continued on page 392) 
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Some Properties of Gases 


A Compact and Portable Lecture Demonstration Apparatus 
DONALD RAY MARTIN 


University of Illinois, Urbana, Illinois 


SURVEY of the literature reveals many types of 
lecture demonstration apparatus for the properties 
displayed by gases, but no simple, compact, and port- 
able apparatus was found which could be used to dem- 
onstrate several different properties of gases. The 
apparatus described in this paper was built to demon- 
strate the more common properties of gases in a min- 
imum amount of time during a lecture. Therefore, it 
must be emphasized that some of the finer techniques 
used to establish accurate temperature and pressure 
values have been sacrificed for the sake of time. 

The following lecture demonstrations are possible 
with this apparatus: (A) use of a barometer; (B) ad- 
sorption of gases by activated charcoal; (C) Gay- 
Lussac’s Law of changing pressure with changing tem- 
perature; (D) Boyle’s Law of changing pressure with 
changing volume; (E) Dalton’s Law of partial pres- 
sures; (F) vapor density and molecular weight deter- 
minations; (G) vapor pressure; and (H) heat of 
vaporization. 


CONSTRUCTION OF THE APPARATUS 


The apparatus, drawn to scale, is shown in Figure 1. 
It is built on a large ring stand, L, and can be carried 
handily to wherever its use is required. 

A and B are two large calibrated pyrex glass am- 
pules. They are blown out of 75-mm. pyrex glass 
tubing. Ampule A is 22 cm. in length and ampule 
B is 26 cm. in length. To each ampule is attached a 
pyrex capillary stopcock having a 2-mm. oblique bore. 
The volumes of the ampules are obtained by weighing 
them, first evacuated and then filled with water, using 
counterpoises. In the apparatus shown in Figure 1, 
ampule A has a volume of 753 ml. and ampule B, 925 
ml. 

The two ampules are connected with as short a 
length of 6-mm. pyrex capillary tubing as possible. 
Ampule B is attached to the connecting capillary 
tubing by a standard taper conical joint (!°/3), K, 
equipped with glass hooks to assist in securing the am- 
pule to the glass manifold. Ampule B may then be 
removed for weighing, in demonstrations involving 
vapor density and molecular weight determinations. 

The ampules are connected through stopcock G to 
an absolute manometer, D, by the shortest possible 
length of 6-mm. pyrex capillary tubing. The absolute 
manometer D is constructed of pyrex tubing with as 
small a diameter as practical, 6 mm. being used in the 
apparatus described. Absolute manometers built of 
such small-diameter tubing are subject to a certain 
amount of error due to variations in the meniscus. 


However, the error thus introduced is not so great as 
the error introduced if larger tubing is used for this 
particular apparatus. In this latter case, a large change 
in pressure and the resulting large change in volume, 
on the system side (right arm) of the absolute manom- 
eter D, would be sufficiently great, compared with the 
volumes of the calibrated flasks, to introduce a con- 
siderable error. The vacuum side (left arm) of the 


absolute manometer D is 122 cm. in length. Between 
the two arms of the absolute manometer is a meter 
stick, held in position by two pieces of fine copper wire. 
The absolute manometer rests upon a slotted cork and 
is held in position by two iron clamps and holders. 
























































FIGURE 1.—APPARATUS 


The two-way stopcock H communicates the system 
with the source of vacuum. This may be an activated 
charcoal ampule C immersed in liquid air, or a vacuum 
pump or water aspirator connected to the glass tube 
J by means of rubber pressure tubing. .A good vacuum 
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is not a necessity except in the demonstration of Boyle’s 
Law. ; 

The activated charcoal ampule C is made from a 
piece of 25-mm. pyrex tubing 200 mm. long. It is 
filled with granules of 6 to 12 mesh activated coconut 
charcoal, on top of which is a small loose wad of glass 
wool, to prevent the charcoal granules from being 
blown into the glass manifold when the charcoal am- 
pule is allowed to warm up from the liquid air tem- 
perature. The charcoal ampule is connected with a 
safety manometer by means, of 6-mm. pyrex glass 
tubing. The bottom of the charcoal ampule is ap- 
proximately 35 cm. from the base of the ring stand to 
insure enough room to raise and lower a liter Dewar 
flask around the ampule. An iron ring with a wire 
gauze serves well as an adjustable support for the Dewar 
flask. 


USE OF THE APPARATUS 


A word of caution should be given relative to the 
use of the activated charcoal ampule. Always open 
the stopcock {7 connecting the charcoal ampule with the 
system very slowly. Failure to do so will result in a 
pressure surge in the manometer which will in turn 
cause the mercury in the right arm of the manometer 
to flow into the manifold. The reason for the low 
connection of the manifold to the absolute manometer 
is to keep the volume of both as small as possible. 

Also, when the charcoal ampule warms up on re- 
moval of the liquid air the adsorbed air will be re- 
leased. Consequently, the pressure in the safety 
manometer of the charcoal ampule will increase until 
it is slightly greater than atmospheric pressure. At this 
point, the released air will bubble through the mercury. 
If desired, this can be prevented by sealing a stopcock 
onto the tube connecting the charcoal ampule and 
stopcock H. 

(A) Barometer. A demonstration of a method of 
reading a barometer is made by closing stopcock G 
and opening the two-way stopcock H to the atmos- 
phere. The level of the mercury column in the left 
arm of the barometer is read on the meter stick and 
then the level of the mercury column in the right arm 
of the barometer is read. The latter value is sub- 
tracted from the former to give the atmospheric 
pressure. Since no vernier scale is on the meter stick, 
the pressure is read to only half a millimeter. 

(B) Adsorption of Gases by Activated Charcoal. The 
use of 6 to 12 mesh granular activated coconut char- 
coal in an ampule immersed in liquid air as a source 
of a vacuum demonstrates the adsorption of gases by 
activated charcoal. This is most vividly shown by 
filling the apparatus with air to atmospheric pressure 
by opening stopcocks E, F, G, and H to the atmosphere. 
The system is then connected to the charcoal ampule 
by turning slowly stopcock H. The diminution in 
pressure accompanying the adsorption of the air by 
the cold activated charcoal is easily seen on the ab- 
solute manometer D. 

(C) Gay-Lussac’s Law. This law is illustrated by 
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allowing ampule A to fill with air to any desired pres- 
sure by opening stopcocks E, G, and H to the atmos- 
phere. Stopcock F should be closed. When the de- 
sired pressure is obtained, stopcock H is closed and the 
pressure of the air in ampule A is read on the absolute 
manometer D. The temperature of the ampule is as- 
sumed to be room temperature which is read on a ther- 
mometer hanging near the ampule. The new tem- 
perature is obtained by raising a glass cylinder around 
ampule A and filling it with water and cracked ice. 
Within three minutes, no further reduction in pressure 
is noted. Typical data are: 


Pressure, 
Cm. 


Initial 72 
Final (exptl.) 66 
Final (calc.) 66 


Temperature, 
°K: 


298.6 
273.1 


(D) Boyle's Law. Boyle’s Law can be demon- 
strated by filling one of the calibrated ampules (A or 
B) with air to any desired pressure and then evacuating 
the other calibrated ampule and the connecting glass 
manifold. Then the two ampules are connected and 
the new pressure is read. The new volume is the sum 
of the two calibrated ampules plus the varying volume 
of the glass manifold. For this reason the connecting 
tubes are as short as possible and are made of capillary 
tubing. The volume of the manifold and of the right 
arm of the absolute manometer is small compared with 
the volume of the two calibrated ampules. The average 
difference between the experimental and the calculated 
pressures is of the order of 1 mm. However, by ex- 
pressing the pressures to the nearest centimeter the 
theoretical and the experimental values will check 
sufficiently well for lecture demonstration purposes. 
Typical data are: 


Initial Final Initial 
Volume, Volume, Pressure, 
MI. Mi. Cm. 


753 1678 ‘ 33.5 
925 1678 
753 1678 
925 1678 
753 1678 


Final Pressure, Cm. 


(E) Dalton’s Law. The procedure for this demon- 
stration is the same as that described for Boyle’s Law 
with the exception that the second calibrated ampule 
is not completely evacuated, but instead filled to some 
definite pressure. With stopcocks - and F closed, 
the connecting glass manifold and absolute manometer 
D are evacuated, and then upon opening stopcocks £ 
and F of the two ampules the new volume is obtained 
and the new pressure read. Data for a typical demon- 
stration are: 


Ampule A Ampule B 


Initial volume, 925 ml. 
Final volume, 1678 ml. 
Initial pressure, 65.0 cm. Initial pressure, 53.5 cm. 

Calculated partial pressure, 29.2 cm. Calculated partial pressure, 29.5 cm. 
Partial pressure of ampule A + partial pressure of ampule B = final pres- 
sure 
= 58.7 cm. 
= 58.3 cm. 


Initial volume, 753 ml. 
Final volume, 1678 ml. 


+ 29.5 cm. 
Observed final pressure 


29.2 cm. 
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(F) Vapor Density and Molecular Weight Deter- 
minations. Ampule B is evacuated, removed from 
the apparatus at the standard taper conical joint K, and 
weighed on a balance with a counterpoise. It is then 
replaced on the apparatus and the connecting manifold 
is evacuated. Ampule B is then filled with the gas 
whose vapor density and molecular weight are to be 
determined. It is recommended that no gas be used 
which will attack the mercury or which might hydrolyze 
to yield products which would attack the mercury. 

In the case of diethyl ether, which serves nicely, a 
little ether is poured into a test tube which has a one- 
hole stopper in it, connected by pressure tubing with 
tube J of the apparatus. A container with a little 
powdered dry ice is placed around the bottom of 
ampule A, which has previously been evacuated, and a 
little of the ether is condensed into the ampule. Stop- 
cock H is then turned to connect the vacuum with 
ampule A and any remaining air is removed, as in- 
dicated when the pressure on the manometer is equal 
to the vapor pressure of the ether at dry ice tempera- 
ture. Then stopcock H is closed and stopcock F 
opened, connecting ampules A and B. The dry ice is 
removed from around the bottom of ampule A and the 
ether allowed to boil into ampule B until the pressure 
is equal to the vapor pressure of ether at measured 
room temperature. Stopcock £ is closed and the pres- 
sure of the gas in ampule Bis read. Ampule B is re- 
moved from the apparatus and reweighed. Knowing 
the volume of ampule B, the pressure of the gas, the 


temperature of the ampule, and the weight of the gas 
in the ampule, the vapor density and molecular weight 
of the gas can be calculated. 

Using some unpurified reagent shelf diethyl ether the 
following data were obtained: 


Volume of ampule B = 925 ml. 

Pressure of gas in ampule B = 36.9 cm. of Hg. 

Room temperature = ampule B temperature = 
297°K. 

Weight of gas in ampule B = 1.336 g. 


24°C. = 


Vv 
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Volume of gas corrected to standard conditions = 0.413 liter 
Calculated vapor density = 3.23 g./l. 

Calculated molecular weight from experimental data = 72.4 g. 
Theoretical molecular weight = 74.12 g. 


(G) Vapor Pressure. The diethyl ether introduced 
into ampule A in the above paragraph may be used 
to show the relationship of vapor pressure and tem- 
perature by allowing the liquid ether in ampule A to 
warm up from the dry ice temperature to room tem- 
perature. As the ampule warms up the mercury level 
in the left arm of the absolute manometer rises and 
demonstrates vividly the increase in vapor pressure 
accompanying increase in temperature. 

Owing to the impurity of the sample, the approxi- 
mate temperatures afforded by the air and by water 
baths, and to the lack of time allowed for complete 
thermal equilibrium to be established, it is best to read 
the pressures in centimeters of mercury. For unpuri- 
fied reagent shelf diethyl ether the following values were 
obtained: 


Temperature, Vapor Pressure, Cm. of Hg 
z Expil. Literature* 
53.7 


36.1 


25 52.0 

15 35.6 

* LANGE, ‘‘Handbook of Chemistry,’’ 3rd ed., Handbook Publishers, Inc., 
Sandusky, Ohio, 1939, 1194 pp. 


(1) [Heat of Vaporization. The heat of vaporiza- 
tion may be conveniently shown by rapidly removing 
the diethyl ether, used to demonstrate vapor pressure, 
from ampule A. This may be done by connecting the 
source of vacuum with ampule A by opening stop- 
cocks E, G, and H. Due to the heat of vaporization, 
ampule A cools very rapidly to a temperature well be- 
low the dew point. As a result the moisture in the 
atmosphere condenses upon the walls of ampule A and 
eventually freezes. The frost is easily visible to the 
class.' 


1DuTTON, “Some lecture demonstrations,’”’ J. CHEM. Ebuc., 
18, 15-7 (1941). 


Anyone who is considering the plastics industry as a possible field for postwar 


employment will find helpful information in a six-page folder on Occupations in 
Plastics by Max Alpert, just published by Occupational Index, Inc., New York Uni- 
versity, New York 3, New York. Single copies are 25 cents, cash with order. 


The folder includes brief descriptions of 15 different jobs. 


In concise forms it 


states the abilities and preparations required, the methods of getting a job, average 


earnings, and the principal manufacturing areas. 


For those who wish more detailed 


information, the four best books have been selected from 58 sources examined in pre- 


paring the abstract. 


Cooking by high-frequency radio waves that will finish off a 10-lb. roast in 10 min- 


utes is a postwar electronic possibility. 





The College Chemistry Test in the Armed 
Forces Institute 


THEODORE ASKOUNES ASHFORD 


Examinations Staff for the United States Armed Forces Institute 
and 
University of Chicago, Chicago, Illinois 


INTRODUCTION 


ANY service men and women are receiving train- 

ing in the field of chemistry while in the services 
of the Armed Forces. They may obtain their training 
in the various specialized courses which include in- 
struction in chemistry; in their subsequent experiences 
in connection with their duties; by taking corre- 
spondence courses through the United States Armed 
Forces Institute; by voluntary class instruction; or 
by independent study (1, 2, 3, 4, 5,6, 7). After leav- 
ing the services, a large number of veterans will want 
to resume their education in a college of their selection. 
Rather than give blanket credit for military experience 
as was done by many institutions in the last war, the 
United States Armed Forces Institute has adopted the 
point of view that the veterans’ educational attain- 
ment can best be measured by comprehensive examina- 
tions. The examinations are prepared by the Exam- 
inations Staff for the Armed Forces Institute under the 
direction of Dr. Ralph W. Tyler, University Examiner 
and Chairman of the Department of Education of the 
University of Chicago. It is the plan of the Armed 
Forces Institute to measure whatever achievement may 
have been obtained by the veteran, that may be sig- 
nificant for his placement in the proper academic level 
(8, 9). It should be emphasized, however, that in so 
doing the Armed Forces Institute does not assume the 
function of granting academic credit. It merely as- 
sumes responsibility to appraise as accurately and 
comprehensively as is practicable, the achievement of 
the veteran in any given field, and report it to the 
college. It then remains the prerogative as well as the 
responsibility of the veteran’s chosen college to deter- 
mine the extent to which he has achieved the desired 
outcomes of the courses offered in the school, and then 
to place him at the proper level. Proper placement 
might involve excusing the veteran from required 
courses (or parts of courses) in which he has demon- 
strated competence, or granting formal credit. 


THE FUNCTION OF THE TEST 


The subject test in college chemistry is designed to meas- 
ure achievement in an introductory college chemistry 
course. That such an examination is desirable is 
apparent from the fact that the training in chemistry 
in the Armed Forces is so varied that it does not cor- 
respond to the courses normally given in colleges. 


Merely reporting the activities of the student in which 
he might have obtained competence in chemistry is not 
likely to be meaningful to colleges. It becomes neces- 
sary, therefore, to write an examination which will make 
it possible to report achievement in terms of the out- 
comes expected in the regular courses given in colleges. 

The question may be raised whether it is not advis- 
able to use one of the available standardized tests in- 
stead of writing a new test. The decision to write a 
new test was based largely upon the policy of the 
Armed Forces Institute to have a ‘“‘secret’’ form not 
available to colleges. The policy was adopted in view 
of the fact that for many students performance on the 
test is the major, if not the sole criterion for obtaining 
credit, and hence the test should be kept out of circula- 
tion. On the other hand, it is desirable that the col- 
leges be acquainted with what the test contains and 
what it attempts to measure. Asa result of these con- 
siderations it was decided to construct two forms of the 
test, a military form to be kept secret by the Armed 
Forces Institute and a parallel civilian form to be avail- 
able to colleges. 

One of the problems in constructing this examination 
is to define a typical or representative chemistry course 
upon which to base the test. There is no single 
“standard” course given in all the colleges. Courses in 
elementary chemistry vary widely from school to school, 
and even within the same school, for different programs. 
They vary in length from one semester to one year; 
in credit from two to ten semester hours; in difficulty, 
due to differences in scholastic ability; and finally in 
emphasis, some emphasizing general education, others 
practical technical training such as that found in engi- 
neering or agricultural programs, still others emphasiz- 
ing the theoretical aspects of chemistry. Nevertheless, 
it is confidently believed that there is a core material 
which is common to the majority if not to all the courses. 
By the proper selection of questions having a wide 
range of difficulty and testing a wide variety of situa- 
tions, a fair measure of achievement in any course may 
be obtained. By administering the test to the various 
types of classes in various institutions, norms appropri- 
ate to each type of course may be derived. Moreover, 
any institution, by using the civilian form of the test 
on its own students, can establish local norms appro- 
priate to the type or types of courses taught in that in- 
stitution. 
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PROCEDURE IN THE CONSTRUCTION OF THE TEST 





The procedure followed in the construction of the 
test is the one commonly recommended by test experts 
and involves the following steps: 






1. Formulation of the objectives which the student is expected 
to attain in college chemistry. 

2. Writing a large number of exercises designed to measure 
these objectives. 

3. Preparation of try-out forms of examination. 

4, Administration of the try-out forms to groups of students 
in representative colleges. 

5. Analysis of the results of the try-out. 

6. Preparation of two final parallel forms on the basis of the 
results of the try-out. 

7. Administration of the final forms in representative colleges, 
for the purpose of obtaining norms and tables of equivalence 
between the two forms. 

















These steps will be discussed in some detail in order to 
make clear the nature of the test. 







FORMULATION OF OBJECTIVES 


The members of the Examinations Staff met with a 
number of experienced teachers of chemistry to deter- 
mine what the student is expected to achieve in a 
“typical” course in college chemistry. The problem 
is essentially to define as clearly as possible the ‘‘typi- 
cal” among the better chemistry courses. A number 
of widely used textbooks were examined and the litera- 
ture was consulted, particularly the articles written in 
recent years, dealing directly with objectives of chem- 
istry instruction (10, 11, 12, 13, 14, 15, 16). As was 
expected, the stated and implied objectives differed 
somewhat both in nature and in the way in which they 
were stated. A digest of all sources, however, indicated 
a substantial agreement. Two types of objectives 
were recognized; one expressed in terms of the subject 
matter of chemistry and the other expressed in terms of 
the abilities of the students which the courses were de- 
signed to develop. 

As a further aid in constructing the examinations 
these two types of objectives were considered as two 
different variables and were placed on a two-dimen- 
sional chart. Table 1 is an abbreviated form of the 
analysis of the objectives, which, after deliberation, 
was considered as representing a “‘typical’”’ course. 

The content objectives are along the horizontal axis 
and define the subject matter treated in elementary 
chemistry. They are a comprehensive list of the ideas 
of chemistry. For convenience these ideas have been 
grouped into five major areas, roughly corresponding 
to the chronological order in which they are presented 
in most courses. It is recognized, of course, that this 
grouping of content is in some respects arbitrary and 
that other groupings are possible. However, this 
grouping is sufficiently meaningful to most teachers of 
chemistry to serve as a basis for the construction of the 
test. 

The behavior objectives are expressed in terms of what 
the student is expected to be able to do with the ma- 
terial of chemistry. They may be considered as ‘‘abil- 
ity” objectives or “levels of attainment’”’ though a 
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hierarchy is not necessarily implied by the latter phrase. 


WRITING EXERCISES 


The next step in the construction of the examination 
was to write a large number of items for each subject 
matter area and at each level of attainment. A few 
sample items, similar to those included in the test will 
illustrate this step and will give a clearer idea of the 
scope and nature of the test. The legend before each 
item indicates the classification of sample items with 
respect to both ‘‘behavior’’ and ‘“‘content’’ objectives; 
thus the first item classified as I-5, tests information 
(I) in area 5. 


I. Information. 
(a) Knowledge of important facts. 
I-5. Which of the following will produce a combustible gas 
on reaction with cold water? 
Hydrogen chloride. 
Sodium oxide. 
Ethane. 
Calcium. 
. Calcium carbonate. 
(b) Knowledge of definitions of important terms. 
I-1. Which of the following best defines the term ‘‘isotopes?”’ 
A. Elements having the same atomic weight but different 
atomic numbers. 
B. Elements having the same atomic number but different 
atomic weights. 
C. Elements in the same group of the periodic system but 
in different series (e. g., Na and K). 
D. Elements with the same atomic weight but different 
chemical properties. 
E. Elements existing in two crystalline forms, as graphite 
and diamond. 
(c) Acquaintance with important concepts. 
I-1. Two hypothetical metals M and N have the same 
valence. What can be said about the two elements? 
A. If the hydroxide of M is a strong base, then the hy- 
droxide of N must be a strong base. 
B. If the formula of the chloride of WV is MCh, then the 
formula of the chloride of N is NCl:. 
C. If M dissolves in HCI, then N must also dissolve in 
HCl. 
D. The per cent of chlorine in MCI; is the same as the per 
cent of chlorine in NC. 4 
E. None of the above inferences about V may be drawn 
from what is known about M. 
(d) Verbal understanding of principles and theories. 
I-4. Which of the following equals the number of electrons 
found in the orbits of a neutral atom? 
The number of neutrons. 
The atomic weight. 
The number of protons subtracted from the atomic 
weight. 
The number of electrons in the nucleus. 
. The atomic number. 
(e) General knowledge of the physical and chemical properties of 
substances. 
I-5. What is obtained when steam is passed over red-hot 
coke? 
Hydrogen and carbon dioxide. 
Hydrogen and carbon monoxide. 
Carbon monoxide and hydrogen peroxide. 
Hydrogen and carbon. 
Carbon dioxide and carbon monoxide. 


HOO w> 


no ODP 


SOW p> 


1c] 


I-5. Which of the following is a product of reaction between 
copper and concentrated nitric acid? 
A. CuNO;. . 
B. NOs. 
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C. NHs. 
D. Nz. 
E. CuO. 
II. Application of Principles. 
(a) Functional understanding of principles and theories of 
chemistry and their interrelationships. 

II-2. Both NaNO; and KNOs; are strong electrolytes. 
Which of the following best represents a solution 
containing both NaNO; and KNO;? 

A. Nat, Kt, and NO;-. 

B. NaKtt and 2NO,;-. 

S. NaK(NOs)o. 

D. NaNO; and KNO;. 

E. Nat, Kt, and (NOs).-~. 
(b) Application of a definition. 

II-3. Which of the following is an oxidation-reduction re- 

action: 
A. Cutt + S$" — CuS. 
B. Cutt + 4NH; ope Cu(NH3),4* ms 
C. Cut*+ + 20H-~ — Cu(OH).. 
D. Cu+S— CuS. 
E. CuO + H2SO;, ~ CuSO; + H.O 
(c) Application of principles in situations similar to those 
encountered in a typical course. 

II-3. The following system is in equilibrium at a high tem- 

perature: 


3H. aa No = 2NH; + heat 


(All substances are gases.) What will be the result 
if the pressure on the system is increased? 

A. The amount of He and Ne will increase. 

B. The amount of NH; will increase. 

C. The amount of all three substances will increase. 

D. The reaction will go to completion to the right. 

E. No change will take place. 

(d) Application of principles in new situations taken from 
everyday life. 

II-3. Although a heap of grain will burn very slowly, flour 
dust suspended in the air in a room may explode if 
ignited. Which of the following best explains this 
difference? 

Small particles give more energy than large particles 
on reacting. 
Small particles offer a great surface of contact with 
air. 
C. Greater circulation of air about the smaller particles 
distributes the heat more evenly. 
D. Small particles burn more completely than large 
particles. 
E. The heat of reaction of small particles is greater. 
(e) Interpretation of a set of data and drawing conclusions from 
them. 
II-2. Electromotive Series (Activity Series). 


Na, Nat 
Mg, Mgt* 
Al, Alt+t++ 
Zn, Zntt 
Fe, Fett 
Ni, Nitt 
Pb, Pbtt 
H:, Ht 
Cn cut 
Ag, Agt 


On the basis of the electromotive series, which of 
the following pairs of substances may be expected 
to react? All solutions are of the same concentra- 
tion. 
Copper and hydrochloric acid. 
Hydrogen and metallic copper. 
. Copper and lead nitrate solution. 
. Mercury and magnesium sulfate solution. 
Nickel and lead nitrate solution. 
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III. Quantitative A pplication of Principles. 
(a) Calculations involving gas laws. 


III-1. A dry gas has a volume of 200 ml. at 20°C. and 730 
mm. of mercury. What is the volume of the gas 
at standard conditions? 


293 ., 760 
273 “* 730° 
273, 730 
293 “* 760° 
273. ., 760 
293 “> 730° 
273 —, 760 
D. 200 x 293 x 730" 
E. None of these. 


200 X 
200 X 


200 X 


(b) Calculation involving molecular and atomic weights. 
III-1. Which of the following expressions gives the weight 
of a liter of chlorine, Clo, at standard conditions? 
The atomic weight of chlorine is 35.5. 
35.5 
34° 
71.0 
994° 
35.5 X 22.4. 
71 X 22.4. 
71 X 22.4 
760 X 273° 
(c) Calculation of percentage composition. 
III-1. What is the per cent of oxygen in sodium carbonate, 
— (Atomic weights, Na = 23; C = 
= 16.) 


bo x 100. 


51 


— X 100. 
: 2 ” 
48 


c. X 100. 
- 


D. — X 100. 
a 
E. None of these. 
(d) Stoichiometric calculations. 
III-1. Sodium nitrate on heating decomposes according to 
the equation: 


2NaNO; — 2NaNO:z +. Oz 


(Atomic weights: Na = 23; N = 14; O = 16.) 
What weight of oxygen can be obtained on heating 
8.5 grams of NaNO3? 

1.6 grams. 

1.6 X 22.4 grams. 

3.2 grams. 


(c) 


Stateme 


3.2 
—— grams. 


" 22.4 
E. None of these. 


(e) Skill in balancing equations. 
III-1. Balance the following equation for the reaction 
between copper and concentrated sulfuric acid. 
() Cu + () H2SO,—> () CuSO, + () SOz + () HO 


When the equation is correctly balanced, what 
number appears before H2SO,? 
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E. None of these. 
IV. The Scientific Method. 

(a) The relation between theory and experiment—experimental 
evidence for a theory, and its explanation of phenomena in terms of 
theory. . 
IV-2. Statement: Sodium chloride is a strong electrolyte. 

What is the best ex- A. Sodium chloride is very 
perimental evidence for soluble in water. 
this statement? B. Sodium chloride solu- 
(A, B.C; DD; ) tion is a good conduc- 
What is the best theo- tor of electricity. 
retical explanation of | C. A sodium chloride solu- 
this statement? tion freezes below 0°C. 
(A, B, C, D, E) D. Sodium chloride is 
formed by electron 
transfer. 
Sodium chloride mole- 
cule contains free elec- 
trons. 


(b) Assumption necessary for a given conclusion. 

IV-2. A student analyzes an unknown liquid to determine 
whether it contains sulfate, SO;-. He adds a 
clear barium chloride solution and obtains a white 
precipitate. He finds that the precipitate is in- 
soluble in hydrochloric acid. The student con- 
cludes that the unknown contains a sulfate. This 
conclusion, however, may or may not be valid. 
It is based not only upon the experimental results 
but also upon some assumptions, 7. e., things taken 
for granted. Classify each of the following state- 
ments 1 to 6 by marking. 

A. If it is an assumption which must be made to make 
the conclusion valid. 
B. If it is an assumption that has no bearing on the 
validity of the conclusion. : 
C. If it is not an assumption because it is a statement of 
fact. 
Barium sulfate is the only insoluble salt of barium. 
Barium sulfate is the only insoluble sulfate. 
The barjum chloride solution did not contain a sul- 
fate. 
Barium sulfate is the only barium salt which is in- 
soluble in water and hydrochloric acid. 
Barium sulfate is insoluble in water. 
Barium chloride is the only barium salt that pro- 
duces a precipitate with a sulfate. 
Considering the entire experiment, with which of the 
following conclusions would you agree? 
The unknown definitely contains a sulfate. 
The unknown probably contains a sulfate, but the 
evidence is insufficient to make it certain. 
The unknown probably does not contain a sulfate 
though the evidence is insufficient to exclude it. 
The unknown definitely does not contain a sulfate. 


(c) Determining whether a statement is true because it is a 
statement of observation, true in the sense that it is a consequence 
of an accepted theory, or is true simply by definition. 

IV-3. ‘‘Heat is given off in all exothermic reactions.’”’ How 
would you characterize this statement? 

The statement is based upon observation of a typical 
exothermic reaction. 

The statement is based upon observation of a large 
number of exothermic reactions. 

The statement is true because it is in accord with the 
kinetic molecular theory. 

The statement is true because it is in accord with the 
law of conservation of energy. 

E. The statement is true by definition. 
(d) Factors which should be controlled in an experiment. 
IV-2. It is desired to study the effect of temperature on the 
rate at which sodium chloride dissolves in water. 
A series of determinations are performed. The 
procedure is to add an excess of salt to a limited 
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amount of water and after stirring for some time 
to evaporate a small sample and weigh the residue. 
Which of the following should be kept constant during 

any one determination? 

The extent to which sodium chloride dissolves. 

The solubility of sodium chloride in water. 

The temperature of the water. 

The average size of the crystals of sodium chloride. 

The amount of solid left undissolved. 


THE TRY-OUT FORMS OF THE TEST 


A large number of exercises, similar to those given 
above, were written in all the areas listed under content 
objectives. Representative items were then taken so 
as to sample each of the subject matter areas and each 
of the four levels of attainment, and a try-out form was 
prepared. This test was administered to about 300 
students who had completed a course in chemistry in 
representative colleges. The results were analyzed to 
determine the appropriateness of the test. The scores 
of the students were tabulated, to obtain a measure of 
the over-all difficulty of the test. Each question was 
further analyzed, to determine its difficulty and its dis- 
criminating power. The latter is obtained by compar- 


ing the performance of the students who did well in the 
test as a whole, to the performance of those who did 
poorly in the test as a whole. 


USE OF THE CONSULTANTS 


At this point, the aid of the consultants was sought. 
The consultants were chosen from among experienced 
teachers of college chemistry, who have also had ex- 
perience in examination construction. Four consul- 
tants and three members of the staff of the Armed 
Forces Institute met in a conference, and examined 
each question using their judgment as teachers, and 
considering the statistical results of the analysis. Each 
item thus considered, was either retained, improved, or 
rejected. In addition, the judgment of the group was 
sought on the question of the validity of the objectives 
and the suitability of the examination as a whole. 

On the basis of the conference a revised try-out form 
was prepared and submitted to the consultants for 
their suggestions and approval. One of the questions 
asked was whether the consultant, as a teacher, would 
be willing to recommend credit for a veteran in his own 
institution, on the basis of satisfactory performance 
in this test. All consultants answered in the affirma- 
tive. About 40 other teachers who examined the test 
also answered this question in the affirmative. The 
revised try-out form was then administered to about 
400 students in representative colleges and the results 
were again analyzed. 


THE FINAL FORM OF THE TEST 


On the basis of the analysis of the second try-out 
form, two final forms, a military and a civilian, have 
been prepared. These forms are parallel, containing 
paired items which are similar but not identical. The 
two forms will be administered in a number of repre- 
sentative colleges and in several types of classes for 
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TABLE 


Areal Area 2 


| Concept of chemical | 
| change, element, com- 
pound; laws of chemi- 
calcombination, kinetic | activity series, 
molecular theory, gas | electrochemistry 
laws, atomic theory; | 
chemical symbolism, | 
| formulas, equations, | 
| and stoichiometric cal- 
culations 


Content 
——_——_> 


Behavior 
Objectives 


1. Ability to recall important 
information 

Knowledge of 
facts 

Knowledge of definition of 
important terms 

Acquaintance with impor- | 
tant concepts 

Verbal understanding of 
theories and principles 

General knowledge of the 
physical properties and chemi- 
cal behavior of the more im- 
portant elements and _ their 
compounds 


important | 
| 


II. Ability to apply princi- | 
ples in making simple predic- 
tions 

Functional understanding of 
the principles and theories of 
chemistry and their inter- 
relationships 

Application of a definition 

Application of a principle in 
situations similar to those en- 
countered in a typical course 

Application of principles in 
new situations taken from 
everyday life 

Interpretation of a set of 
data and drawing conclusions 
from them 


Solutions, ionization, 
acids, bases, salts, neu- 
tralization, hydrolysis, 
and 


Area 3 Area 4 Area 5 


The chemistry of the 
more common elements 
and their compounds. 
The physical and chem- 
| ical properties of hy- 
| drogen, oxygen, the 
| 


Oxidation-reduction, Atomic structure 
heats of reaction, re- | and chemical behavior, 
action velocity, and |and the periodic sys- 
chemical equilibrium. | tem 


halogens, sulfur, the 
nitrogen family, and 
typical metals 








III. Ability to apply princi- 
ples quantitatively by carry- 
ing out calculations 
Quantitative significance of 
chemical symbolism 
Balancing chemical 
tions 


equa- 


IV. Ability to use the scien 
tific method. It includes the 
following aspects of the scien- 
tific method: 

Distinction between  ob- 
served phenomena and their 
theoretical explanation 

Explaining phenomena in 
terms of theory 

Giving the experimental 
evidence for a theory 

Identifying the assumption 
necessary for a given conclu- 
sion 

Identifying the factor that 
must be controlled in an ex- 
periment 

Identifying 
which are true 
definition 


statements 
merely by 


standardization purposes. From the standardization, 
it will be possible to establish norms and to prepare a 
table of equivalent scores for the two forms of the test. 
As previously mentioned the military form will be re- 
tained by the Armed Forces Institute to be given to 
service men prior to discharge from the armed forces. 
The other form, the civilian form, will be available to 
colleges and universities through the American Council 
on Education, 15 Amsterdam Ave., New York 23, 
New York. 

Either form of the test contains 110 items and re- 
quires about two hours of testing time. The exercises 





are multiple response items and can be answered on 4 
separate answer sheet, which can be scored either by an 
electrical scoring machine or by hand. It is divided 
into four sections along the vertical axis of the objec 
tives, namely Information, Application of Principles, 
Quantitative Application of Principles, and Scientific 
Method. Each section can be scored separately s0 
that an independent measure of each of the four 
“abilities” mentioned under “behavior objectives’ 
may be obtained. Moreover, the test can be scored @ 
second time so that separate scores for each of the five 
subject matter areas mentioned under “content ob- 
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jectives’” may be obtained. In addition, of course, a 
total score may be obtained. 


INTERPRETATION AND USE OF THE TEST IN PLACEMENT 
OF VETERANS 


As has been mentioned above, the decision of the 
placement of the veteran rests with the college which 
the veteran chooses. The Armed Forces Institute will 
report to the school for each veteran a total score and 
nine part-scores. Four part-scores will be independent 
measures of each of the ‘‘behavior objectives” and five 
part-scores will be independent measures of the five 
“content areas,’ listed above. In addition, the Armed 
Forces Institute will supply a set of norms for the total 
score and the part-scores, representing the over-all aver- 
age of the liberal arts colleges in the country. At first, 
for purposes of economy the norms will be limited to 
liberal arts colleges giving a full-year course. Ata later 
time it might be possible to establish other sets of norms 
which would be more suitable for different types of in- 
stitutions and different courses. Thus additional sets 
of norms for one-semester courses in liberal arts col- 
leges, or for engineering schools may be established. 

With the aid of these norms, the admission officer or 
the instructor in a given school will be in a better posi- 
tion to appraise the achievement of each veteran in terms 
of the educational objectives of the school. The use of 
the part-scores will be found particularly useful, for they 
can be considered separately and combined in such a 
way as to approximate the courses given in the school. 
For example, if in a given school “Application of Prin- 
ciples’’ is considered very important while ‘‘Informa- 
tion” is considered unimportant, then the former part- 
score can be given a proportionally greater weight and 
the latter a smaller weight or even be ignored alto- 
gether. Similarly, if the student performs satisfactorily 
on some of the areas (listed under content of objectives) 
and poorly on others, he may be advised to attend the 
local course in the parts in which he is weak and be ex- 
cused from the parts in which he has done satisfactorily. 

While the norms supplied by the Armed Forces Insti- 
tute will be found helpful, ideally, each school should 
establish its own norms. By using the form of the test 
which is available to colleges, and administering it to 
its own students, the school would be able to place the 
veteran among its regular students with a minimum of 
maladjustment or injustice either to the veteran or to 
the school. 

It should be stressed, at this point, that much more 
important than the assigning of letter grades is the 
effective guidance and placement of individuals. Sup- 
pose, for example, that the report of the Armed Forces 
Institute shows that a returning service man on taking 
the subject test in college chemistry, has demonstrated 
a considerable knowledge of the facts of chemistry, but 
showed less ability to apply this information in solving 
chemical problems and an insufficient understanding of 
the scientific method. Although the college may be in- 
clined to grant credit on the basis of the test results, 
effective guidance and placement of the individual will 
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necessitate consideration of various possibilities. The 
man may be enrolled in an advanced course and the in- 
structor may plan supplementary remedial instruction 
in the areas of the deficiencies mentioned. Or, if a 
sufficient number of entering students exhibit the same 
general level of competence or pattern of abilities, the 
given individual may be enrolled in a special section 
formed for such students. Again, it may be decided 
that the regular advanced college course is already 
adapted to the needs of such students and that no 
special provisions are necessary. In any event, it 
would be well for a personnel officer of the college, in 
cooperation with the instructor of the college chemistry 
course, to observe the progress of the student in order 
to make what further adjustments may prove neces- 
sary. 


TESTS IN OTHER COLLEGE CHEMISTRY COURSES 


By the cooperation of the Committee on Examina- 
tions and Tests of the Division of Chemical Education 
of the American Chemical Society a complete battery of 
tests will soon be available to the Armed Forces Insti- 
tute for testing service men. The Committee has under- 
taken to construct tests in qualitative analysis, quan- 
titative analysis, organic chemistry, and _ physical 
chemistry. Each of these tests will be about two hours 
long, but may be given in two 55-minute periods. As 
in the case of the test described in this paper, there will 
be a military and civilian form for each field. The 
civilian forms will be the regular tests constructed by 
the Committee, and will be available to teachers 
through the Cooperative Test Service, 15 Amsterdam 
Ave., New York 23, New York. 

The author wishes to express his indebtedness to the 
following, who served as consultants and in other capa- 
cities: Dr. Frank P. Martin of Purdue University, 
Dr. James Parsons of the Chicago City Colleges, Dr. 
Laurence S. Foster of Brown University, Dr. P. W. 
Selwood of Northwestern University, Dr. William 
Hered of Indiana University and the United States 
Armed Forces Institute, Dr. Ben Bloom of the Board 
of Examinations of the University of Chicago, Dr. 
Max Engelhart of the United States Armed Forces In- 
stitute, and Dr. Herbert Thelen of the United States 
Armed Forces Institute. 
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The Erroneous Melting Point of Anhydrous Cupric Sulfate 


HERMAN A. LIEBHAFSKY 


General Electric Company, Schenectady, New York 


T WAS surprising to learn that anhydrous cupric 
sulfate supposedly melts at 200°C. (1), reassuring 
to see in a 10-minute experiment that it does not, dis- 
concerting to discover how many authorities say it does 
(1, 2, 3, 4, 5), and comforting to find that at least two 
have the matter straight (6, 7). Under atmospheric 
pressure, anhydrous cupric sulfate does not melt, but it 
begins to decompose appreciably—presumably by loss 
of sulfur trioxide—at temperatures above 600°C. 

The error must have sprung from a highly question- 
able rendering of a paragraph by Hodgkinson and 
Trench (8), which is worth quoting, not only in the 
present connection, but also because it may point the 
way to interesting research in the chemistry of nitro- 
gen. The paragraph reads: 

Undoubtedly the most interesting salt examined is cupric 
sulphate. Either dry or with crystal water, the salt absorbed 
much NH, and then melted below 200°, turned black, and as the 
temperature rose appeared to boil, and finally at somewhere 
about 400° began to decompose with incandescence, leaving 
almost pure metallic copper. 


A hypercritical grammarian unfamiliar with chemis- 
try might be excused for concluding from this quotation 
that anhydrous cupric sulfate melts below 200°; but no 
one is justified in naming this temperature as the 
melting point. No inorganic chemist should fail to 
realize that cupric sulfate, once it has absorbed am- 
monia, is cupric sulfate no longer. How could any 
chemist ever believe that anhydrous cupric sulfate, a 


well-behaved, stable substance, ‘‘metlts below 200” 
grows black, then appears to boil, and decomposes near 
400°, glowing (in the process) and leaving a residue of 
almost pure copper’? (5) It is true that Hodgkinson 
and Trench did not reach the ultimate in clear writing— 
that is, to write what cannot possibly be misunder- 
stood—but how many of us ever do? 

Finally, it is well to point out that the reference to 
the work of Hodgkinson and Trench is garbled in the 
Zentralblatt (9) in an abstract otherwise substantially 
correct. 
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OUT OF THE EDITOR’S BASKET (Continued from page 382) 


way. Two small cities in New York have been chosen, 
Kingston and Newburgh. The water supply of the 
former is virtually free of fluorine; that of the latter 
contains 0.12 part per million of fluorine, and this is to 
be increased to 1 part per million by controlled addition 
of sodium fluoride. The idea is to study whether the 


presence or absence of fluoride will have any effect upon 
the incidence and severity of dental decay (caries) im 
the two cities. Studies elsewhere have indicated that 
proper amounts of fluoride in the drinking water call 
reduce by about 60 per cent the community’s child- 
tooth-decay rate. 
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Chemical Russian, Self-Taught 


I. Suggestions for Study Methods 


JAMES W. PERRY 
Ballistic Research Laboratory, Aberdeen Proving Ground, Maryland 


Continual increase in the volume of chemical research published in Russian con- 
fronts English-speaking chemists with the problem of acquiring a reading knowledge 


of chemical Russian without undue expenditure of time and effort. 


The program of 


study proposed reduces time spent on the grammar to a minimum while emphasizing 
the advantages of an early beginning in reading chemical Russian. 


RECENT paper by E. J. Crane (1) indicates that 
A after the war more chemical research will be 
reported in Russian than in any other language except 
English. The need for chemists to be able to read 
chemical Russian has developed to a critical point. 

Russian, however, has the reputation of being ex- 
tremely difficult and complicated. Many chemists 
doubt their ability to learn to read Russian without 
spending an excessive amount of time attending classes. 
The possibility of learning to read chemical Russian by 
self-instruction during spare time is frequently over- 
looked. : 

A direct, common-sense approach conserves much 
time and effort when learning to read any foreign 
language. Russian is no exception to that rule. This 
paper is based on the application of common sense to 
the problem of learning to read chemical Russian. 

The study methods presented in this paper have 
been used by the writer while learning to read several 
foreign languages during the past 15 years. 


RUSSIAN AND ENGLISH—A Comparison 


In several important respects English and Russian 
are surprisingly similar. The word order in sentences 
is frequently almost identical. Very often it is un- 
necessary to shift the relative position of words in a 
Russian sentence in order to obtain a smooth English 
translation. In this respect Russian presents far 
fewer difficulties to an English-speaking chemist than 
German. It is not necessary to learn to think back- 
ward in order to become proficient in reading Russian. 

In general, the methods of word building are quite 
similar in Russian and English. Prefixes and suffixes 


F are used in both languages to modify the meaning of 


toots and to effect such changes as formation of verbs 
or adjectives from nouns. 


XHMUAl 

XHMUK 
XHMuyecKnit 
TenJ10 
Tenmya 


chemistry 
chemist 
chemical (adj.) 
warmth 
hot-house 


; Presented before the Division of Chemical Education of the 
American Chemical Society, 107th meeting, Cleveland, Ohio, 
April 4, 1944, 


solution 
soluble 
solubility 
liquid (adj.) 
liquid (noun) 


pacTBOp 
pacTBOpuMHi 
paCTBOpUMOCTE 


RUKH 
#KUKOCTB 
work 

worker (male) 
worker (female) 
visible 

invisible 

clean 
cleanliness 

to be cleaning 
red 

reddish 


padora 
paooTHHK 
padoTHuna 
BHMMBI 
HeBUMMBILE 


4HCTBIM 
4HCTOTA 
4YHCTHTB 


KpacHblit 
KpacHOBaTblii 


The long words used in German do not have Russian 
counterparts. Instead, Russian uses phrases often 
quite similar to the corresponding English phrases. 

Massenwirkungsgesetz 


3QKOH jlelCTByIOMUX Macc 
law of acting masses 


Halbwertszeit 
BpeMA MOJIOBUHHOFO pacnaya 
time of half decomposition 


Stickstoffbindungsproblem 
mpoO.1eMa CBA3aHHOrO a30Ta 
problem of binding nitrogen 


Sprengstoffherstellung 
IIPOH3BO]CTBO B3pbIBUaTbIX BellecTB 
production of explosive materials 

These examples may suffice to show that it is un- 
necessary to cultivate radically new habits of thought 
in order to acquire a feeling of easy familiarity with the 
Russian methods of forming words and phrases. 

The main difficulties in learning to read Russian 
might be summarized as follows: 

I. Vocabulary. Most of the Russian roots bear 
little if any resemblance to their English counterparts. 
This means that considerable effort must be devoted to 
acquiring a good working vocabulary. The publica- 
tion in the near future of a dictionary (2) emphasizing 
chemical Russian terms should prove very helpful in 
this connection. 

IT. Grammar. Russian uses endings to a much 
greater extent than English. Nouns and noun modi- 
fiers are regularly used in six different cases in both 
singular and plural. A particularly difficult feature of 
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the Russian grammar is the Russian verb, whose basic 
philosophy is likely to appear strange to an English- 
speaking person. 

However, it is doubtful if any of these difficulties 
appears as formidable at first as the Russian alphabet, 
to which attention is now directed. 


THE RUSSIAN ALPHABET 
ABBTOAEK3HHKIMHOUPCTYOXI Ul 
aOBroemeSBSuHKIANMHON pcTy@xunum 

lbh bIWDA 
Mba bBSW A 


In spite of its exotic appearance, the Russian alphabet 
offers advantages which should not be overlooked. In 
the first place, Russian approaches the phonetic ideal 
very closely. In other words, each letter, as a general 
rule, represents only one sound. In rapid conversa- 
tion, it is true, unaccented syllables are slurred, but this 
is a matter of minor importance to those who are 
primarily interested in learning to read the language. 
The fundamentals of Russian pronunciation can be 
learned quite easily. This is a fortunate circumstance, 
as it facilitates the use of the voice and the sense of 
hearing as powerful aids in impressing words, phrases, 
and idiomatic expressions on the memory. The help 
of a Russian-speaking friend facilitates learning the 
pronunciation. However, such help is not essential as 
an approximately correct pronunciation can serve 
quite effectively as an aid in learning to read chemical 
Russian. 

Another advantage of the Russian alphabet is the 
efficiency with which it represents the hissing sounds 
and the so-called soft vowels which characterize the 
Slavic languages. The Russian alphabet overcomes 
the need for the specially marked letters which are used, 
for example, in Polish and Czech. 

The Russian alphabet has, in fact, only one serious 
disadvantage. To most Western Europeans—and 
Americans—it gives an impression of mystery and be- 
wilderment which discourages the study of the language. 
Aside from such psychological considerations, there is 
little reason why the Russian alphabet should act as a 
deterrent to learning the language. As a matter of 
fact, every English-speaking chemist can easily recog- 
nize many of the letters, about half of which resemble 
either Latin or Greek letters. 


Letters resembling Latin 


A a aasin far 
ye asin yes 
k as in kettle 
m as in stem 
o as in fore 
casincity 
t as in tall 
00 as in boot 
Letters resembling Greek 
B 6 (beta) basin bench 
z (gamma) g asin go 
(delta) d asin deep 
(pi) p asin pen 
(rho) r as in rose 
(lambda) | as in bell 
(phi) f as in fast 
(chi) h as in horse 
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Pronunciation unlike English 


Hua nasinnet 
BB vasinvent 


The remainder of the Russian alphabet consists of 
seven special vowels, six letters representing hissing 
sounds and two letters used to indicate different modes 
of pronunciation. 


Special Vowels 
Wu ee as in sheet 
& y asin boy 
(Always used with another vowel) 
bl st u asin bulb 
(A poor approximation) 
9 eas in economy 
Ow yuasin yule 
Al a yaasin yard 
Eéore yo as in yonder 


Hissing Sounds 


s as in treasure 

z as in haze 

ts as in pats 

ch as in check 

sh as in shop 

sh-ch as in cash-check when 
pronounced as one word 


BESROS® 
BR show 


Letters indicating different modes of pronunciation 


bs hardsign 
b 8 soft sign 


A few letters not used at present may be found in 
literature published before the revolution. 


Discarded Letters 
I i eeasin sheet 
08 oe fasin fast 
Vv’ eeasin sheet 
Bs yeasin yes 


Learning the Russian Alphabet. The key to acquiring 
familiarity with the Russian alphabet is plenty of 
pract'ce. Such practice can be combined with the first 
steps in reading chemical Russian. The periodic table 


‘A: 

Boyopox 

1,0081 

3. Li 4. Be 
JIutnit Bepusnmnit 
6,940 9,02 
11. Na 12. Mg 
Hatpnit Marunnit 
22,997 24,32 
19. K 20. Ca 
Kannit Kanpuuit 
30,096 40,08 


38. Sr 

Crponnnit 

87,63 
48. Cd 
Kagomuit 
112,41 


88. Ra 
Panui 
226,05 
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affords opportunity for practice in the alphabet while 
learning the Russian names of the chemical elements. 
The atomic symbols prevent any mistakes being made 
in learning the Russian names. This point will become 
clear on considering Groups I and II of the periodic 
table copied from an elementary inorganic chemistry 
text (3), (6). 

In addition to the pericdic table an elementary in- 
organic text will contain various tables of the sort 
shown. 

H2SO, 
H2SO; 
H2CO; 
HNO; 
HNO, 
HPO; 


CepHaa Kucu10Ta 
CepxHuctas Kuci0Ta 
Yroubyasd KuCIOTAa 
As0THax KUCIIOTA 
A830THHCTaA KHCIOTA 
MeraochopHad KucuI0TA 


From the formulas, it is easy to deduce the Russian 
names of the various acids. 

The headings of other tables can be worked out 
partly by deduction and partly with the aid of a dic- 
tionary. 

It should be noted that an approximate knowledge of 
Russian pronunciation is very helpful in recognizing 
words of non-Russian origin relating to modern scien- 
tific concepts, e. g., Temnepatypa, temperature. 


RUSSIAN GRAMMAR—General Remarks 
Once the alphabet is well in hand an attempt might 
be made to read text material by using a dictionary to 
lok up unknown words. If this is attempted diffi- 
culties will be encountered. For example, in the fol- 
lowing passage, the word xucuora (acid) will be seen to 
have four different endings. 
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exceptions to general rules, phrases having special 
meanings, etc., is best attained by continued practice in 
reading rather than by memorizing detailed rules of 
grammar. 

Noun Declensions. The suggested approach to the 
grammar can be illustrated by considering the subject 
of noun endings. The use which is made of such end- 
ings to convey thought is the essential thing. The 
following résumé summarizes the situation, aside from 


various idioms best learned separately. 
Case Use in Russian 


Nominative Subject of sentence 
Enumeration without sentence formation 
Indication of possession 
after certain numerals 
after certain prepositions 
in predicate of certain negative sentences 
after comparative of adjectives 
to indicate object of certain verbs 
Indirect object of verbs 
Also (1) after certain prepositions 
(2) to indicate object of certain verbs 
Direct object of most transitive verbs 
Also after certain prepositions 
To indicate means for accomplishing something 
Also (1) in predicate with verbs meaning ‘“‘to be,” “to 
remain,” “‘to become” 
(2) after certain prepositions 
(3) to indicate object of certain verbs 
Only after certain prepositions, especially those indicating 
position. 


It will be observed that the various cases are used in 
Russian in much the same way asin German. Russian 
noun inflection presents one quite unusual feature, the 
instrumental case. Attention is directed to the use of 
this case, standing alone, to indicate the means whereby 
something is accomplished. The Russian prepositional 
case presents no unusual difficulties. 


Genitive 


Dative 


Accusative 


Instrumental 


Prepositional 


Bo Bcex 3Tux KuCIOTaX Oop TpexXBasleHTeH, HX CTpOeHHe aioT POpMysIBI 


O=B—OH 


OH 
HO—BC 
OH 


meTa$opHaA 
KHCJIOTA 


opTobopHaa 
KUCHOTA 


BoBC BoBC” yB—On 


TeTpadopHaa 
KUCIIOTA 


[Ipucoequnasa BORY, {Be NOCIeTHHe KUCIOTHI B BOJHUX pacTBOpaX MepeXOAAT B OpTOOOpHy!0 KHCJIOTY. 


This illustrates the important role of grammatical 
endings in the Russian language. Learning to read 
chemical Russian unavoidably involves obtaining a 
certain amount of grammar background. 
_ A word of caution may be helpful at this point. It 
s advisable to avoid becoming a slave to the grammar. 
he attention should be directed to the forest, not to 
the trees. In other words, the essential thing is to get 
an insight into basic principles. Familiarity with de- 
tails, such as irregular declensions and conjugations, 


Insight into the role of noun endings in building 
thought patterns should be supplemented by sufficient 
knowledge of the endings to enable them to be recog- 
nized. Some may find it helpful to memorize arrays of 
the sort shown below. However, the important thing 
is to acquire a feeling for the endings by doing plenty of 
practice reading. The fact that Russian sentences have 
nearly the same word order as English makes it much 
easier to become accustomed to the Russian noun end- 
ings than with the corresponding German inflections. 


@usu4eckHe CBOHCTBA MeCJIOUHEIX MCTAJIJIOB 


JlutTuk 
Li 

3 
6,94 
0,534 
13,1 
180° 
1609° 
0,941 


Harpuait 


Kanunit Ilesuit 


K 
19 
39,10 


Py6uyuk 


63,5° 
762,2° 
0,166 





DECLENSION OF A TYPICAL FEMININE NOUN 


Singular Plural 


KHCIIOTA KHCJIOTEI 
KHUCJIOTEI KUCJIOT 
KuCIOTe KHCIOTAaM 
KHCJIOTY KACJIOTBI 
KACIOTOH KHCJIOTAaMH 
KACIIOTE KACHOTAaAX 


Nominative 
Genitive 
Dative 
Accusative 
Instrumental] 
Prepositional 
It should be noted that pronouns are inflected in 
Russian in a manner very similar to the nouns. 

Declension of Noun Modifiers. Adjectives and 
other noun modifiers, e. g., verb participles, carry end- 
ings which are required to agree with the modified nouns 
with respect to gender, number, and case. Although 
not always identical with the corresponding noun end- 
ings, the endings used with noun modifiers involve no 
fundamentally new points of view. 

While speaking of noun modifiers it might be well to 
mention that the definite and indefinite articles are 
lacking in Russian. 

Russian Verbs—General Remarks. In both Russian 
and English, a distinction is made between (1) an act 
which is in progress or incomplete or frequently re- 
peated, and (2) an act which is thought of as finished or 
as a completed whole. For example, “I have been 
thinking”’ directs attention to an act in progress, while 
“T had thought” suggests a completed act. A similar 
difference in meaning exists between “I will be think- 
ing’ and “I will have thought.’’ Russian also dis- 
tinguishes between an act in progress and an act con- 
sidered asa whole. However, the grammar mechanism 
used is quite dissimilar from the English. Specifically, 
English uses auxiliary verbs to distinguish between 
incomplete and complete action, while Russian uses two 
slightly different, distinct verbs, one of which is said to 
be in the durative aspect (incomplete action) and the 
other in the perfect aspect (action thought of as a whole 
or as being completed). 

Frequently, though not always, the simple basic 
verb is in the durative aspect, from which the perfect 
aspect is formed by affixing a prefix. A typical example 
is the Russian verb pair, aymats, (“to be thinking’’) 
and nogzymats (‘‘to have thought’’). 

The situation is complicated somewhat by the fact 
that frequently prefixes do two things at the same time, 
namely, modify the basic meaning of the root and also 
change the aspect from durative to perfect. This is the 
relationship between the Russian verbs, qymats (“‘to 
be thinking’), and the derived verb, ssiqymats (‘‘to 
have invented’). By changing the last few letters of 
BbityMaTs another verb, srrzymsisats, is formed, meaning 
“to be inventing.”’ 

Russian Verbs—Formation of Tenses. The infinitives 
in Russian are the basis from which, as a rule, the other 
forms are derived. The past tense is formed with both 
durative and perfect infinitives in the same way. 
However, a present tense is formed only with the dura- 
tive infinitive. This is logical, as an act in progress is 
of necessity incomplete. The endings, used with 
durative infinitives to form the present tense, indicate 
future action when used with perfect infinitives. The 
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future tense of the durative aspect is formed with the 
aid of an auxiliary. 

Other verb forms, such as participles, gerunds, etc, 
need cause no serious difficulties once the relationships 
outlined above have been mastered. It should be 
mentioned in this connection that certain verbs indicat- 
ing motion, such as going, carrying, traveling, etc, 
involve additional complexities which cannot be dis- 
cussed here because of space restrictions. 


RUSSIAN PHRASES AND IDIOMS 


Russian, like any language, uses various special word 
combinations to express certain specific ideas. Such 
idiomatic expressions are best learned as independent 
entities, although in many cases it may be possible to 
trace relationships between the idiom and the meaning 
of the component words taken individually. 


Mie Hy:2KHO. . . 


Thouhast. Te6OeHyxnHo.. 
etc. 
Mue upaBuTEca 


Te6e HpaBuTECA 


Thou needest 


Thou likest........ 
etc. 


I shall need 
Thou shalt need.... 
etc. 


Mue ny2kHo OyzerT ... 
Te6e ny2KHO OyzeT... 


Neither.... 
Either 


Prepositional phrases require special treatment. 
This is due to the fact that attempting to find a single 
English preposition which can always be used to trans- 
late any one given Russian preposition is usually a 
hopeless task. The best approach is to learn the 
Russian prepositions in terms of mental images and thus 
avoid the need for translating into English in order to 
grasp the meaning. In some cases it may be helpful to 
prepare diagrams indicating the action or situation ex- 
pressed by the preposition. 


| Cc 
. ns (with genitive) 


off of 


Us 
(with genitive) 


Ha 
(with prepositional) 
on surface o 


Lack of space permits no more than mere mention 0 
two peculiarities of the Russian language: (1) com 
plete absence of any verb from some sentences, and (2) 
use of a double negative to indicate single negation. 





(with prepositional) 


Ha 
(with accusative) 


B o——> 
(with accusative) ee 


into 


PRACTICE READING—Learning by Doing 


As already pointed out, learning the alphabet can be 
combined with starting to read words (e. g., the Russia! 
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nam 
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effec 
to reé 
possi 
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clear 
and | 
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readii 
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readit 
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Ak 
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Russia 
Pear 


English 
The 


Stepwts 


(No 
sit 


Russian 
Cepui 
English 
Sulfuy 
Stepwise 
( 
(Adjectiv 
live singu 
Russian 
Bectr 
English 
White 
Stepwise 
] 


(Adjectivi 
tive singu 


Aucust, 1944 


names of the elements) and phrases (e. g., the Russian 
for “‘specific weight’). In order to make the most 
effective use of the time and effort devoted to learning 
to read Russian, it is essential to read as much as 
possible from the very start, even though at first in- 
complete knowledge of the grammar may prevent a 
clear understanding of all except the simplest phrases 
and sentences. The meagerness of such accomplish- 
ment is much less important than the fact that direct 
contact is being established—even though imperfectly 
at first—with the language in its living form. After 
reading over an elementary grammar (4, 5) and pre- 
paring a rough outline the grammar should be used as a 
consultant to overcome difi.culties. At no stage should 
the grammar be allowed to monopolize the attention. 
Using the grammar as an aid rather than carrying it 
as a burden is a most important matter. By devoting 
most of the time to practice reading it is possible to 
arrive at the point where the grammar is relegated to 
the background, where its presence is unnoticed during 
reading, except as a guide in untangling difficult pass- 
ages. This highly desirable relationship to the gram- 
mar can be achieved only by continued practice in 
reading material whose subject matter is already known. 
A knowledge of the subject matter is, in fact, the key 
to starting reading chemical Russian before the gram- 
mar has been mastered thoroughly. By knowing in 
advance what is going to be said the chances of mis- 


Russian 
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interpreting the Russian are greatly reduced, if not 
entirely precluded. Examples to illustrate this point 
are given below. In these examples an attempt has 
been made to distinguish between that part of the mean- 
ing inherent in the root words and that part of the 
meaning conveyed by the various inflections. Fre- 
quently, when reading known subject matter, the 
meaning of the root words serves as a guide in inter- 
preting that part of the meaning which in Russian is 
conveyed by inflections or by idioms. For these rea- 
sons an elementary inorganic text is an invaluable aid 
in learning to read chemical Russian. 


It will also be noted that reading an elementary 
chemistry text offers excellent opportunity for becoming 
familiar with Russian chemical terms. By listing such 
terms on slips of paper or cards a homemade glossary of 
Russian chemical terms can be compiled. Such a 
glossary affords valuable aid to the memory during the 
learning process. 

To supplement the practice in reading an inorganic 
text it may prove helpful to subscribe to a Russian- 
language newspaper (7). Since the same news is re- 
ported as in English-language newspapers, the chances 
of misinterpreting the Russian news accounts are mini- 
mized. 

Based on these considerations, the following program 
of study is suggested: 


Peakyu1o Me*R]y KaJIbBMHeM UH BOOH MO2KHO n300pa3HTS Tak— 


Bowa + Kasbynit —> usBecTb + Bosopon 
English 


The reaction between calcium and water may be represented thus— 


water + calcium —> lime + hydrogen 
Stepwise translation 
Peaknu1o 


Reaction 
(Noun, feminine, accusative 
singular) 


Me?K]LY 
between 
(Preposition) 


MO?KHO 


(it is) possible 
(Adverbial verb) 


BOOK 
water 
(Noun, feminine, instrumental 
singular) 


KaJIbqHeM H 
and 
(Conjunction) 


calcium 
(Noun, masculine, instrumental 
singular) 
Tak 
thus— 
(Adverb) , 


H300pa3uTb 


to represent 
(Verb, perfect, infinitive) 


(Cf. equation above) 


Russian 
Ceppuctasd KHCIOTa ABJIACTCA XOPOIIMM BOCCTAHOBHTEeJIeEM. 


English 
Sulfurous acid is a good reducing agent. 
Stepwise translation 
KHCJIOTA 
acid 
(Noun, femine, nomina- 
tive singular) 


Cepxuuctaa 


Sulfurous 
(Adjective, feminine, nomina- 
lve singular) 


Russian 


ABJIAHeETCHA 

shows itself 
(Verb, durative aspect, present 
tense, third person singular) 


BOCCTAHO BHTe. 1eM 
reducing agent 

(Noun, masculine, instru- 

mental singular) 


XOPOIHIM 


good 
(Adjective, masculine, instru- 
mental singular) 


Bectserusiii thoctbop Xopomo pacTBopseTca B cepoyrsepoze, CS2. 


English 
White phosphorus is easily soluble in carbon disulfide, CS». 
Stepwise translation 
doedhop 
phosphorous 


(Noun, masculine, nomina- 
tive singular) 


XOpoOwro 


well 
(Adverb) 


BectypeTuniit 
7 Colorless 
(Adjective, masculine, nomina- 
tive singular) 


cepoyrsiepozte, CS:. 

carbon disulfide, CS: 
(Noun, masculine, prepo- 
sitional singular) 


pacTBopseTca B 
dissolves itself in 
(Verb, reflexive, durative aspect, (Preposition) 
present tense, third person 
singular) 
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1. Learn the alphabet by practice with the Russian names of 


the chemical elements. 

2. Read through an elementary Russian grammar (4, 5) mak- 
ing an outline of the main points for future reference. 

3. After learning the alphabet start reading an elementary 
inorganic chemistry text in Russian, using the grammar as needed 
to aid in clearing up difficult passages. 

4. Combine reading the elementary inorganic text with the 


two following things: 
a. Compilation of a homemade glossary of chemical Russian 
terms and phrases. 
b. Extension of the rough outline of the grammar to include 
grammar details encountered during reading. 
5. After working through the elementary inorganic text start 
reading current Russian chemical journals. 


READING WITHOUT TRANSLATING 


Discussion of the problem of learning to read chemi- 
cal Russian with friends has convinced the writer that 
it might be well to point out the advantages of learning 
to read chemical Russian directly, 7. e., without trans- 
lating into English. At first, it is true, the unknown, 
Russian, must be understood in terms of the known, 
English. However, once a Russian word or phrase is 
understood there are advantages in cultivating the 
habit of understanding the Russian directly. Reading 
the Russian directly keeps the attention focused on the 
Russian rather than allowing it to wander off to 
English. Obviously it is a waste of time to think more 
than a minimum amount of English when reading 
Russian. By thinking Russian while reading it the 
process of anchoring the language in the memory is 
facilitated and also accelerated. Furthermore, reading 
without translation establishes direct contact with the 
language and this in turn gradually imparts an insight 
into shades of meaning and coloring which can scarcely 
be attained otherwise. 

The scope of meaning and the usage of English and 
Russian words are often not the same. For example, 
the English word “revolution” is translated as ‘‘peson- 
wuusa’’ when political or social upheaval is meant, but by 
“Bpamenue’ to indicate mechanical rotation. The 
Russian word, “‘ssrymars,’’ can often be translated by 
“‘to have invented”’ or ‘‘to have devised,” but the basic 
meaning is, perhaps, nearer to the English “to have 
thought up.” For example, “‘stiqymars’”’ may be used 
in Russian to indicate the mental activity involved in 
writing fiction. Obviously, there is no exact, -single 
equivalent to “stizymars’”’ in the English language. 

It is very difficult to become familiar with fine 
shades of meaning unless one learns to connect Russian 
words directly with objects, concepts, actions, and 
emotions rather than with English words. Another 
advantage of the habit of thinking in Russian, while 
reading it, is the fact that it lays the groundwork for 
learning to speak Russian, if ever the need should arise. 
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To sum up the whole matter, thinking Russian is the 
quickest and surest way to learn Russian. 

If difficulty is experienced in reading Russian without 
translating, the following procedure may help. After 
working out a section of text, with translation into 
English when necessary, lay the text aside for a day or 
so and then try to read the Russian directly, making a 
conscious effort to avoid the natural tendency to think 
in English. A certain amount of persistence may be 
required to master the trick. At first, it may be possi- 
ble to understand only the simplest phrases and 
sentences without translation; with practice, however, 
even the most complicated text can be read at sight. 


TIME REQUIRED 


Time is conserved in learning to read chemical 
Russian if the study periods are short and frequent. 
It is much easier to absorb Russian in small doses than 
to swallow it in large gulps. In fact, learning to read 
chemical Russian might be compared to a process of 
slow osmosis. 

It is necessary, from time to time, to suppress the 
feeling that the task is hopelessly difficult. Fortu- 
nately, the Russian language is not infinitely complex, 
though it may appear so at times. There are a finite 
number of difficulties to be worked out one by one. 
With patience and persistence any English-speaking 
chemist can learn to read chemical Russian during 
spare time. By keeping at it for about a year, assum- 
ing an average of about an hour a day, it is possible to 
acquire the necessary grammar background and to 
work through an elementary inorganic chemistry text 
in Russian. Once that has been done and a homemade 
glossary of Russian chemical terms has been compiled, 
current Russian chemical journals can be tackled with 
gratifying results. 
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Experience and Postwar Training of Chemists 


DOROTHY HALL SMITH 
Antioch College, Yellow Springs, Ohio 


HEMISTRY, which became one of America’s 

leading industries after World War I, is probably 
due for another great expansion after the present con- 
fict. To the Age of Chemistry which is just opening, 
we can at present see no end. 

It follows that the postwar period will bring a steadily 
increasing demand for chemists. What kind of chem- 
ists should they be? 

Certain trends are already emerging. It is a com- 
monplace that. some of the most fruitful work today 
is being done between chemistry and biology—chemo- 
therapy, for instance—or between chemistry and phys- 
ics, or between all three fields. The tendency, there- 
fore, is strongly away from individual and toward 


group work, in both academic and industrial research. 


Thus the chemist can no longer be a narrow, even if 
highly trained, technician. While he will not, of 
course, be an expert in more than his own field, he must 
be able to talk a common language with his fellow 
workers in other fields and to see significant trends. 
He must be able to work in cooperation as well as alone. 

The recipe hitherto used to produce a first-rate 
chemist has been four years of intensive and rather 
specialized training at the undergraduate level, plus 
three years of specialized and intensive graduate 
study. Until the student emerges, he has little or no 
chance to work with people or to test his real interest 
in the field. Too often his training has been concen- 
trated in chemistry at the expense of the other basic 
sciences or of social orientation—also a need in to- 
morrow’s world. 

A more intelligent plan might be to utilize some of 
the resources of industrial chemistry, which already 
possesses at least half the best brains in chemistry 
and more than half the best equipment. Through 
actual experience the student could discover at an early 
point whether he is fitted to goon. The college, mean- 
while, by delegating some of the specialized training 
and applications to the industrial laboratory, could 
thus free itself to emphasize the related sciences and 
the over-all liberal arts point of view. 

This at least has been the theory of Antioch College, 
which since 1921 has been sending its students in all 
fields out onto regular jobs in alternation with cam- 
pus study. And this practice may be more widely 
adopted after the war, just as it has seen a great exten- 
sion in the last year or so. As a war measure, the 
alternation of school and work has become familiar 
to many who never heard of the Antioch Plan; some 
of the benefits of experience even in this hit-or-miss 
operation have become evident. A review of the 
Antioch experience may therefore have something 


to suggest to those looking toward a revision or ex- 
tension of the usual college or university education in 
chemistry. 

Antioch’s work-study plan is, of course, part of a 
larger educational whole which aims to produce not 
only competently trained but liberally educated young 
people. In the curriculum, science majors as well as 
literature majors must take philosophy, social science, 
literature, and art. 

Further, the education of science students is aimed 
less at producing specialists at the undergraduate level 
than students with a thorough background in the 
fundamentals of mathematics, chemistry, and physics, 
and some allied knowledge of engineering, geology, and 
biology. In each area there are specialized courses: 
in chemistry, specifically, Antioch offers an introductory 
inorganic course (7 quarter hours), qualitative analysis 
(6 hours), two courses in quantitative analysis (9 hours), 
two in organic chemistry (13 hours), two in physical 
chemistry (11 hours), and two in metallurgy (one 5 
hours and one variable credit), as well as a course in 
industrial chemistry and special advanced projects. 
The emphasis in each of these courses, however, is on 
fundamental concepts. Specialization comes naturally 
through the cooperative plan. 

The cooperative plan operates by having, in general, 
two students for each job, one working while the other 
studies. At the end of three months they change places 
and the job goes on. The type of work performed 
may be anything from beginning laboratory analyses 
to—for qualified upperclassmen—opportunities as re- 
search assistants. During the war emergency, es- 
pecially, Antioch upperclassmen have been able to 
render a real service to industry and to the nation by 
helping carry forward important chemical jobs. 

Antioch students work with well-established firms 
as regular employees and at the basic rate of pay. 
Companies among our recent or present cooperating 
employers are: Abbott Laboratories; American Air- 
lines, Inc.; Antioch College Chemistry Department; 
Battelle Memorial Institute; Calco Chemical Division, 
American Cyanamid Company; The Children’s Me- 
morial Hospital (Chicago); Chrysler Corporation; Ciba 
Pharmaceutical Products, Incorporated; The Con- 
necticut Agricultural Experiment Station; Eastern 
States Cooperative Milling Corporation; Ethyl Cor- 
poration; C. F. Kettering Photosynthesis Research 
Foundation; Kollsman Instrument Division of Square 
D Company; The Lake City Malleable Co.; Libbey- 
Owens-Ford Glass Company; The Lowe Brothers Com- 
pany; P. R. Mallory & Co., Inc.; Merck & Co.; 
Monsanto Chemical Company, Central Research 
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Department; The Mount Sinai Hospital (New York); 
National Advisory Committeefor Aeronautics; National 
Institute of Health; Ohio Agricultural Experiment 
Station; Charles Pfizer and Company, Inc.; Michael 
Reese Hospital (Chicago); Boyce Thompson Institute 
for Plant Research, Inc.; Thompson Products, Inc.; 
U. S. Department of Agriculture, Bureau of Plant 
Industry; Vernay Patents Company; Western Shade 
Cloth Company; Westvaco Chlorine Products Cor- 
poration; Women’s and Children’s Hospital of Toledo. 

It is one thing to assert that the cooperative plan 
has been a successful method of training in the field of 
chemistry, and another thing to demonstrate it. 
Antioch has, however, made two recent studies (1940 
and 1943) of its chemistry graduates, which offer 
some interesting facts. 

In the more recent study, for instance, it was found 
that from 1923 through 1942, there have been exactly 
100 chemistry graduates. Prior to service in the 
armed forces for some of them, their employment di- 
vided as follows: 

Industrial research....... ars y ie Dee 

Industrial sales, service, etc., engineering...... : "eS 

Other industrial chemistry. . : : voter * 

Students now in graduate school............ . < 

Alumni now in teaching and university research....... 6 

Alumni now in Government service............ 6 

Medicine. . mS : ahi sianaeein 3 

Other professional work reiated to chemistry... . 3 

Writing and secretarial (technical)........ 

No relation to chemistry............. 

Deceased..... 

Unknown. fog teh sob oto AD adh.< ots 

Three significant facts emerge about these people. 
First, although the group is a relatively young one (the 
oldest would still be under 45), 11 graduates in industrial 
research already hold managerial jobs—one of them 
as technical manager for a large chemical corporation, 
five as executives in the metallurgical field, two as heads 
of biochemical departments in industrial research, one 
as director of a glass research laboratory. 

Second, 31, or approximately a third of Antioch’s 
total graduates in the field, either have received or are 
in process of receiving their Ph.D. degrees. 

Third, only six of the 100 are now engaged in work 
distinctly unrelated to chemistry; conversely, four 
Antioch graduates who did not major in chemistry 
while in college are now doing chemical work. 

The 1940 alumni survey was designed primarily 
to discover whether Antioch graduates in chemistry 
were satisfied, in retrospect, with the training received 
on the cooperative plan. Over 60 wrote extended 
replies to questionnaires. Three questions were asked: 


1. Can an individual get a good training in the 
fundamental courses under the cooperative system? 


Sixty answered yes and one answered no. 


2. In the light of your experience, how do you seem to 
yourself to compare with graduates of other institutions? 
Was your training superior, about equivalent, inferior to 
theirs? 
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Thirty-four answered equivalent, twenty-four superior, 
one inferior. 


3. Aside from the actual chemical training which you 
received either in school or on the job, do you feel that there 
are any other factors (e. g., development of initiative, 
training in working with other people) which tend to give 
the Antioch graduate an advantage over graduates of 
other institutions in the long run? What are they and how 
important are they? 


The answers to the last question were, of course, 
varied, but seemed to fall under certain well-defined 
heads. Inthe opinions which follow there is little dis- 


agreement, although some people stress one value over 
another. It is noteworthy that corroborating testi- 


mony is to be found in the current “job reports” which 
Antioch undergraduate students write about each job 


experience. 

I.—In general, the cooperative experience appears 
to contribute to knowledge and to stimulate study. 
For instance, a present undergraduate student writes 
on his job report: 


I found that I learned how to do something new each day and 
from talking to other fellows, that the process of learning never 


stops. 
Another current student says: 


This job fits in admirably with my academic interests. In 
my studying I’ve been able to work out a 14-page outline on 
plastics which will help considerably in our work and has given 
me a wonderful opportunity to become much better acquainted 
with the subjects of my special interest. 


A common result of the work experience is to make 
chemistry seem valid: 


Here in the standards lab, I began to see how vital analytical 
chemistry is to industry. I think I’ll never forget how I felt 
when, on my third day at’ work, I analyzed two samples which 
fell below specifications. Because of what my analyses showed, 
possibly a process was kept from failing. To study and work at 
chemistry suddenly seemed valid beyond a doubt. 


The alumni agree that this was one of the effects of 
the cooperative plan for them. A young research 
chemist writes: 


We had to go out on so many different jobs. We had to adapt 
meager equipment to do the job. We usually did work years 
in advance of our collegiate training. I went through Getman’s 
book on physical chemistry three years before I took a course 
in physical chemistry. Why? Because my job demanded 
it. I was doing graduate work in physiology long before I ever 
graduated. Why? Because there was work to be done. 


Another alumnus wrote from graduate school: 


The Antioch student’s training is very similar to that obtained 
in graduate school because he learns to keep up with the literature 
on his own accord. While being required to obtain a so-called 
minimum of general chemical knowledge from class work, he also 
obtains a great deal of specialized knowledge and training from 
his job. He learns to look things up because he wants to know 
them and not because it was a class assignment. His knowl- 
edge, therefore, becomes less superficial, while at the same time 
he is learning “tricks of the trade,” practical expedients, and 
variations, not incorporated in standard texts. He learns 
critically to evaluate what he is being taught in class. 





nearly 
week, 


Anot 


Yor 
techn 
was b 


Ana 
creas 
the t 


IT. 
expe 
gradi 
and 

state 


In 
syste! 
whet! 
his lif 
up hi 
most 


In ; 
ofac 
this v 
cappe 


Unde 


The 
Pictur 


excell 


IV 


TION 


erior, 


h you 
there 
ative, 
) give 
es of 


1 how 


urse, 
fined 
» dis- 
over 
testi- 
vhich 
1 job 


pears 
tudy. 
rrites 


y and 


never 


;. In 
ne on 
given 
Linted 


nake 


ytical 
I felt 
which 
owed, 
ork at 


ts of 
arch 


idapt 
years 
man’s 
ourse 
inded 
[ ever 


ained 
ature 
oalled 
e also 
from 
know 
nowl- 
_ time 
, and 
earns 


Aucust, 1944 


II.—A second important result of the cooperative 
plan is the sheer laboratory technique it gives students. 
If a chemistry student in a regulation four-year col- 
lege were to spend three hours an afternoon four times 
a week in the chemistry laboratory—which he seldom 
does—at the end of four years he would have spent 
some 1680 hours in the laboratory. A study made of 
Antioch’s chemistry majors from 1936 to 1940 showed 
the following number of hours spent in the laboratory, 
on the cooperative job alone. 


High 
5760 
5320 
3440 
4040 
5960 


Low Average 


1940 880 3005 
1939 1720 3382 


1938 2440 2880 
1937 2240 3180 
1936 2160 3813 


Thus the average Antioch student worked 3250 
hours in chemistry im addition to the regular laboratory 
study for his college courses. Students also are aware 
of this value. Thus a girl with a drug firm writes: 


The co-op can’t help improving his technique—we spend 
nearly as much time at lab work per day as a student does per 
week. : 


Another girl with a malleable iron company says: 


You leave the job with an amazing amount of chemistry and 
technique that has become natural rather than necessary as it 
was before. 


An allied discovery that many students make is the in- 
crease of interest that comes with knowing the why of 
the technical processes they are performing. 


III.—One of the major benefits of the cooperative 
experience, naturally, and one especially stressed by 
graduates is the opportunity for vocational exploration 
and vocational adjustment. Here are two typical 
statements: 


In my opinion the most important advantage of the Antioch 
system is that it permits the student to decide at an early date 
whether or not chemistry is the field to which he wants to devote 
his life work. It is important, because not until one has made 
up his mind on that score does he tend to devote his fullest and 
most sincere attention to a mastery of the fundamentals. 


In my case my job experience showed me that my first choice 
of a career was wrong. Had I not the opportunity to discover 
this while I could still change I would have been greatly handi- 
capped later. 


Undergraduates, too, are aware of this advantage: 


The job is just what I wanted since it gives me an excellent 
Picture of the manufacture of organic products and I have the 
opportunity to use and learn all the equipment in our department. 


_ Tam primarily interested in industrial chemistry, especially 
in plant production and developmental work, and there was 
Plenty of opportunity to become acquainted with the work the 
other members of the department were carrying on. 


This has been my first job in chemical industry where I have 
had a chance to observe the complete operation of aplant. For 
a student planning to be a chemical engineer, this job is an 
excellent one. 


IV.—No longer is the chemist—if he ever was— 
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a recluse, living and working unto himself. As we have 
said, with modern research methods tending more and 
more toward group work, he must be able to com- 
municate and cooperate. Antioch’s alumni in chem- 
istry are very articulate about this phase of the co- 
operative plan: 

The Antioch graduate learns to fit himself into an industrial 


organization and cooperate with others. An industrial personnel 
man never overlooks this important point. 


Or again: 

Development of initiative, learning tolerance, and how to get 
along with others, cheerfulness and willingness to work hard and 
long, and a practical realistic attitude are factors of paramount 


importance which are gained at work and at school under the 
Antioch system. 


Learning to work with others frequently means, for 
students on the job, some honest hero worship. As 
one upper-classman recently said about a certain in- 


dustrial job: 


The fact that one works with fine men who are at the top of 
their profession is enough to make this job very attractive to 
any student in the field of science. 


V.—Self-reliance, learning to find the answers to 
one’s own questions, and developing the research point of 
view are necessary qualifications for success in chem- 
istry. In the following routine testing job, the stu- 
dent learned an important lesson: 


The co-op who takes this job must be responsible and intel- 
lectually honest. I have caught myself once or twice trying to 
squeeze an end point into specifications when it is on the line 
or barely under or over. He must be able to do the required 
work in the required time and vouch for his answers. He must 
be able to find quickly for himself a fact necessary for a calcula- 
tion. 


Once an Antioch student has shown that he can 
handle routine responsibility he will be given more 
advanced assignments, as these two men were: 


In the bacteriology lab where I am now working, everything 
we do is strictly research. There is no ‘‘right’’ answer, as each 
sample I work on is prepared in some different way. 


I am given a research project on which I work until it is com- 
pleted or given up for the time being. During the period of 
development I keep in touch with my superior, giving him results 
to date and discussing problems. Everyone feels free to talk 
and advise you if he can. 


The testimony of the alumni agrees: 


The co-op job helps the student to develop a research point 
of view. In the conventional college this is left mainly for the 
graduate school. However, on the co-op job the student usually 
meets up with problems whose answers are not found in the text- 
books. He learns to do experimental and development work. 
For example, he may work out an analytical procedure, suitable 
for a special purpose. 


More than courses are required to make a good chemist. The 
cooperative system develops maturity and responsibility in the 
student. 


VI.—Several alumni comment on the importance 
of the liberal arts background: 
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Antioch’s program of required work in practically every field 
prevents one from specializing in any particular branch of 
chemistry, but since few students know just what part of the 
field they will eventually work in, it is much more profitable in 
the long run to get a good fundamental background in chemistry 
and also an insight as to the effect of chemistry on economics, 
social aspects, etc. A man who knows nothing but solubility 
constants and/or the laws of thermodynamics probably wouldn’t 
recognize a molecule if one jumped up in his lap. 


A Fellow in graduate school concurs: 


The graduate from Antioch is not only well grounded in 
chemistry. The required subjects not only include the other 
sciences but courses in the social sciences and arts as well. The 
world today needs people who are more than specialists. 


VII.—From the College’s point of view, one of the 
excellent results of the cooperative plan is its stimulus 
to good teaching. Students who have had industrial 
experience are in general much more critical and de- 
manding in courses than students without experience; 
and teachers have to make more effort to keep abreast 
of new developments. For instance, the instructor 
in metallography made the statement that spotwelding 
of aluminum was not yet perfected. Up spoke a stu- 
dent, just back from a job in an airplane factory, to say 
that two batteries of 25 machines apiece for spot- 
welding aluminum had recently been installed. An- 
other instructor, who prides himself on keeping up with 
the new medical developments, mentioned sulfa- 
merazine, with the remark that we didn’t yet know 
much about it. A student who had just been working 
in a hospital laboratory said yes, they had been ex- 
perimenting with it even though the drug was not yet 
available on the market, and that it seemed to have 
several important advantages over the other sulfa 
compounds. Under the cooperative plan, both stu- 
dents and teachers are ahead of the textbooks—they 
have to be. 

A final question may remain: Granted the value of 
practical experience in chemistry, why should this ex- 
perience come during college years? Would it not be 
more efficient to study in a block and then—with some 
initial handicap, perhaps—get one’s experience? One 
answer to this question has already been given: The 
student can discover from experience whether he really 
wants to go on in the field. And as a matter of fact, 
experience seems also to make for greater efficiency 
in study. As an alumnus of the class of 1930 puts it: 


While individual success is largely a matter of opportunity 
and is subject to the limitations of the individual, I believe that 
...not unimportant to a serious student is the ‘soaking period” 
provided by the work interval. Course work can be reviewed 
in retrospect; correlations and revisions of opinion indubitably 
result. 


A graduate of 1939: 


The very nature of the Antioch program forces the student 
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to carry certain habits over from school to the job, and other 
habits from the job to school. Over a period of five years the 
line of demarcation becomes progressively less distinct, so that 
when he leaves college he does not make much change in his habit 
patterns. An Antioch student has learned to rely on his own 
judgment somewhat in planning his courses, and one of the 
activities which he continues to carry on (to an extent increasing 
with time) during his cooperative work periods and after gradua- 
tion is systematic, self-planned study. 


Another graduate of 1939: 


An industrialist...recently told me his analysis of college 
graduates. He said, “Graduates arrive at the plant eager and 
inflated; then after a year or so the lid blows off... cynicism 
develops; and finally the individual accepts life and gets down 
to work.” I believe that most graduate Antiochians have gone 
through these stages. They are ready to get down to work three 
to five years ahead. 


SUMMARY 


Antioch’s experience over a period of 20 years seems 
to point to the fact that actual experience in industrial 
or other chemical research during the student’s under- 
graduate study is a highly desirable thing. Such ex- 
perience exposes the student to some of the best men 
and procedures in the field, helps confirm his voca- 
tional choices, adds tremendously to his technical 
knowledge and laboratory techniques, fosters initiative 
and self-reliance, helps him learn how to get along with 
people, and tends to sharpen his interest in his college 
work. 

Antioch suggests that a more general adoption of 
the work-study plan would be an economical use of 
both industry’s and the colleges’ time, since some of the 
present college instruction could be more efficiently 
performed by industry, thus giving the college oppor- 
tunity to do the educational job that will make good 
chemists good scientists and good citizens as well. 

To Antioch, at least, it does not seem hard to envis- 
age much greater postwar cooperation between it- 
dustrial and research chemistry, on the one hand, and 
college and university training, on the other. The 
chemical industry might well recruit its future em- 
ployees from among students in their undergraduate 
years—not by merely searching out a few individuals 
and bidding for their services, but by generous offering 
of experience helping to make available a large pool of 
competently trained individuals from whom, after 
further study, candidates could be selected. Such 4 
plan might well improve not only the common undet- 
graduate experience in chemistry, but graduate educa- 
tion as well. 

What the Age of Chemistry will contribute to our 
civilization depends in part on the quality of the met 
and women who are today preparing for the chemistry 
profession. 


We have learned that if a research laboratory is to produce results, the men must 
be allowed the freedom to be a bit crazy. If we were to control closely, we would miss 
the great idea that is found only by those with the courage to be crazy.—Willard H. Dow. 
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on the Electromotive Series 
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college 
yer and 
ynicism Most textbooks of elementary chemistry err in trying to make the subject fascinat- 
—— ing and easy by neglecting simple mathematical relations. Most teachers of physics 
k . know that a student must have a good foundation in algebra before studying physics, 


but teachers of chemistry lay less emphasis upon mathematical training prior to 
the study of chemistry. This ts unfortunate, because mathematical reasoning ts just as 
important in chemistry as tt is in physics and it is wrong to assume a lower mentality 
in books on chemistry than in books on physics. This tendency to make chemistry 
books glorified primers has been regretted by men like Wilhelm Ostwald and Alexander 
Smith. The tendency to avoid mathematics and invent mythical reactions is illus- 
trated by the fragmentary way in which the electromotive series is taught to beginners. 
The electromotive, or potential, series covers every case of oxidation and reduction, 
and high-school students should presumably have sufficient mathematical training to 


benefit by the application of mathematical reasoning to its consideration. 


HEN students enter college or technical school 

with ideas that have to be changed the tendency 
is to be critical of the preliminary training. Some of us, 
however, who have taught both beginners and post- 
graduate students at about the same time find that 
the older students have either forgotten or failed to 
comprehend previous instruction. Nevertheless it is 
important in high-school teaching not to introduce 
ideas that have to be changed later, and to remember 
that it is much easier for youth to absorb new ideas at 
the age of 16 than at 21 or later, although with an en- 
large background it is easier to correlate knowledge. 
It seems almost incredible, but it is the writer’s expe- 
rience that the minds of high-school boys and girls are 
often more alert than these of some mature college pro- 
fessors. 

One of the important fundamental theories of chem- 
istry concerns oxidation and reduction. Most elemen- 
tary texts of today acknowledge the fact that the most 
comprehensive definition of oxidation is loss of one 
or more electrons by the atom that is oxidized. In the 
same way, we say that an atom is reduced when it ac- 
cepts one or more electrons. The two reactions al- 
ways take place simultaneously, for in our chemical re- 
actions the only way that an element can lose electrons 
is by giving them to some other atom. 

Three decades ago most textbooks taught reactions 
such as the oxidation of an acidic solution of ferrous sul- 
fate by potassium permanganate on the assumption that 
FeSO, = FeO-SO; and KMnQ, = K20-Mn.0;. This 
is the old dualistic conception of Berzelius and I think 
it must please the spirit of this great Swedish chemist to 
know that his ideas still prevail in the minds of many 
chemists today. According to his dualistic theory the 


following reactions can be assumed to be involved in 
the oxidation of FeSO, by KMnO, in the presence of 
H2SO,. 
2KMnQ, = K:0 + Mn.0; 
Mn:0; = 2MnO + 50 
10FeSO, = 10FeO + 10SO; 
10FeO + 50 = 5Fe.0; (4) 
8H2SO, = 8H20 + 850; (5) 
K:0 + SO; = KeSO, (6) 
2MnO +'2S0; = 2MnSO, 
5Fe.0; + 15SO3; = 5Fe2(SO,)s (8) 


(1) 
(2) 
(3) 


(7) 


If we add up these eight equations and cancel out all 
molecules which are on both sides of the equality signs 
we get the correct equation 
2KMnO, + 10FeSO, + 8H2SO, = K:SO, + 2MnSO, + 
5Fe2 (SO.)3 + 8He (9) 
After a few years of practice, most of us became pro- 
ficient in inventing these preliminary reactions and 
struggled with our classes to make them see how easy it 
is to balance equations of oxidation-reduction. Today, 
however, we think of the Mn in KMnO, as having a 
valence of 7 and regard it as receiving 5 electrons from 
5 atoms of Fe*+*, and we imagine these two reactions 


MnO,- + 5e + 8Ht* = Mn++ + 4H20 
5Fett+ + 5e 


(reduction) 
5Fet+ = (oxidation) 
to take place, which add up to 

MnO,- + 5Fet*+ + 8H* = Mnt? + 5Fet*t + 4H:0 
which expresses the same relation of Mn:Fe as in the 
above case, where eight fictitious reactions were im- 
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agined. The writer had two of his former teachers 
change to this latter method of writing oxidation-re- 
duction equations at about 1915, just before the retire- 
ment of one of them. This professor found that he 
could get the newer method into the minds of his fresh- 
man students in much less time than the laborious 
dualistic procedure. Essentially the same method, 
although the term negative valence is used instead of 
electron, is to be found in Prescott and Johnson’s 
“Qualitative Analysis,’ in an edition printed about 60 
years ago. 


WHAT IS THE ELECTROMOTIVE SERIES? 


Early in the 19th century Jéns Jakob Berzelius, 
with his friend Hisinger, carried out a series of experi- 
ments upon the electrolysis of salts which made a 
great impression upon him. He regarded the atoms 
of the alkali metals as very positive in nature and the 
atoms of oxygen as “absolutely negative’ with hydro- 
gen at or near the neutral point. This was the begin- 
ning of the potential or electromotive series derived 
from purely chemical considerations. According to 
Berzelius, 


“Every chemical compound depends entirely and alone upon 
two opposite forces of positive and negative electricity: every 
compound can be divided into two parts of which one is positive 
and the other negatively electric, For example, sulfate of soda 
is not composed of sulfur, sodium, and oxygen, but of sulfuric 
acid (SO;) and soda (Na,O).” 


Bases, according to Berzelius, are positive oxides 
combined with water, and acids are negative oxides 
which are also hydrated. Berzelius, therefore, was the 
first to propose a rational electrochemical theory and 
suggest an electrochemical or potential series. The 
conception of Berzelius, however, was really qualita- 
tive in nature and not based upon quantitative meas- 
urements. His ideas were based on the theory that 
there were two kinds of electricity, positive and nega- 
tive. Today we believe that the electric current repre- 
sents a flow of electrons, or negatively charged parti- 
cles, and that an element can be positive with respect 
to certain elements but negative toward others. We 
now think of the electromotive series as expressing the 
tendency of elements to become oxidized or to be re- 
duced. 

In many textbooks of chemistry we find under the 
heading ‘‘Electromotive Series of the Metals’ a vertical 
column in which the metals are placed in the following 
order: Li, Rb, K, Na, Sr, Ba, Ca, Mg, Al, Mn, Zn, Cr, 
Fe, Cd, Co, Ni, Sn, Pb, H, Sb, Bi, As, Cu, Hg, Ag, Pt, 
Au. Such a table shows the relative tendencies of 
these metals to lose one or more electrons and become 
oxidized. The strongest reducing agents are the ele- 
ments at the top of the table and, in general, any ele- 
ment can reduce the ions of another element that fol- 
lows it in the table. 

Such a table cannot be regarded as adequate for at 







least four important reasons, and if it is corrected in | 


these respects it becomes more useful and more intel- 
ligible to beginners. 
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Au 
1. The table is merely qualitative, because no nu- ie 
merical value is assigned to each metal to express its a 
actual electrolytic solution pressure or oxidation potential. 7 
Some of these elements lie very close together, as K, : | 
Na, and Ba, but between Ca and Mg there is quite a : : | 
difference. -— 
2. The reaction involved is not stated. In the case § “°" 
of some elements, such as Fe, the metal can appear in — 
three different places according to whether the oxida- ; e 
tion is Fe to Fet+, Fe to Fet+t++, or Fet++ to Fet++, . 
All three oxidations should find a place in the table. #4 
It is important to state the electrode reaction. so - 
3. The table gives no information with respect to ve : 
the concentration of the ions of the metal. This is § 
very important. Of course, it is easy to understand wit 
that, in accordance with the mass action law, it is OPPs 
harder to make an element form ions in solution when _ 
there are already many ions present, and it is easier to inh 
plate out a metal by electrolysis from a solution con- | 
taining a high concentration of its ions than from a solu- It is 
tion containing a very low concentration. al 
4. The table should emphasize the fact that every “ ) 
reaction involved is a reversible one. When it takes B >. 
place in one direction it represents an oxidation and wie 
when it takes place in the opposite direction it is a re- i 
duction. 
More or less at random, let us take 12 electrode re- 
actions and show how the table should be written. oe 
NORMAL OXIDATION POTENTIAL AT 30°C. dein 
Los Let aerete, Sones er ene ae —3.02 v. solut 
re : 4 are ¢ 
Py ea se —0.76 conn 
St PS aaah CRED: a 
eh OO en isan evince cess the 1 
jc Sag dn) Pa ge a ene gn trod 
Mnt* + 4H.O = MnO, + 8Ht + actio 
ae Bos astceae eee is Zr 
ae ae ; zine 
The term normal signifies in this table that in each Cut 
reaction the concentration of every ion involved is ‘aitts 
molar. Thus in the case of Zn/Znt+ the value of & i... 
—0.76 refers to the potential when metallic zinc is in & ;. | ( 
contact with a molar solution of Zn++ ions. With the & ,; ~ 
reaction for Fe++/Fe+*++ the value holds only when & gir. 
the concentrations of both Fe+*+ and Fe+++ are molar. § 41 
In the Mnt+*+/MnO,- reaction the concentrations of tonal 
Mn++, MnO,-, and H* are all molar; H2O is neglected depo 
in this last case because the quantity of H.O that en- | 
ters into reaction is inappreciable with respect to the § errr 


large quantity of water present in an aqueous solution. 

The significance of the temperature is this: The Th 
electrolytic solution tension, or tendency of the metal to 
form ions, acts in opposition to the osmotic pressure of 
the ions in solution, which is proportional to the abso- 


lute temperature. The value 30°C. (303° absolute) meet 


is chosen to simplify the application of the Nernst rule, ~ 
to which we shall refer later. tial) 

The significance of the sign before the voltage is 4 iui 
little confusing. Both physicists and chemists use the Rein 


table but the attention of the physicist is focused upon hes 
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the direction of the current in the external wire, and he 
regards Cu positive with respect to Zn in the Daniell 
cell because the electrons flow in the external wire from 
the zinc electrode to the copper. The chemist, on the 
other hand, is thinking of movement within the solu- 
tion and regards the zinc as positive with respect to 
copper. There is a complete circuit, and both the 
physicist and the chemist understand that the electron 
flow is from the zinc to the copper in the external wire 
and the anions go from the copper to the zinc in the 
solution. It is conventional to regard the electro- 
motive series as one of oxidation potentials when the 
values are given as negative at the top of the table and 
one of reduction potentials when positive signs are given 
opposite those metals which the chemist regards as 
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. 'S & most positive. In the case of oxidation potentials, the 
Ain = negative sign means that the electrode is negative with 
ai respect to the solution. It is absolutely arbitrary as 
aie to how the positive or negative potential is defined. 
, It is also arbitrary to call the position of H/H* as ex- 

actly zero. If there is an actual zero it is somewhat 
eit lower in the series but there is no absolute zero that is 
and @ oY to measure exactly, and it suffices to use an arbi- 
trary value. 
a re- 
THE DANIELL CELL 

— The use of the table can be illustrated by considering 
acell in which a strip of zinc is immersed in a molar solu- 

tion of zine ions and a strip of copper rests in a molar 

solution of cupric ions. When the two pieces of metal 

are connected by a metal wire and the two solutions are 
connected by eleetrolytes, two reactions at once take 

place. At the zinc electrode there is an oxidation, and 

the reaction is Zn = Zn+*+ + 2e; at the copper elec- 

trode there is a reduction, Cut*+ + 2e = Cu. Both re- 

actions take place simultaneously and the final result 

, is Zn + Cut+ = Znt++ +Cu, just as when a strip of 
ch zinc is placed in a copper sulfate solution. If both 

a Cut+*+ and Zn** solutions are molar at the start the 
‘C'® FF initial voltage of the cell is the algebraic difference be- 
4 of tween —0.76 and +0.345, as given in the table. This 

” be is 1.01 v. As the cell is used the two electrode poten- 
fo © & tials get closer together and the measured potential 
vier & difference between the two electrodes becomes a little 
wae smaller, but the two potentials are so far apart that the 
- r reaction will continue until all the Cu*+* ions have been 
o deposited or all the zinc metal has dissolved. 

) the EFFECT OF ION, CONCENTRATIONS ON ELECTRODE POTEN- 
tion. ‘ TIALS 
be This is very important though seldom mentioned in 
mal elementary treatises. Any high-school student who 

as knows what a logarithm is can understand it. In the 

wre first edition of Nernst’s ‘Theoretische Chemie,” pub- 

a lished in about 1893, Nernst traced the relationship be- 





tween electrolytic solution tension (or oxidation poten- 
tial) and the osmotic pressure of the ions formed. The 
Nernst equation can be arrived at in at least two dif- 
ferent ways, but it is done with the aid of integral cal- 
culus. The derivation of the equation need not con- 
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cern us here. When the temperature is chosen as 
30°C., and natural logarithms are converted into loga- 
rithms to the base 10, the Nernst formula can be writ- 
ten Ex° = Ey + aie log c, where E° is the normal 
electrode potential given in the table, c is the molar con- 
centration of the ions, and m is the valence change or 
number of electrons shown in the electrode reaction. 
This expression holds, in this simplified form, when only 
one ion is involved in the electrode reaction. Since 
log 1 = 0, log 0.1 = —1, log 0.01 = —2, we can see at 
a glance that the Nernst formula serves to construct 
the following table of electrode potentials at different 
dilutions: 


Molar Concentration of Cu** E Value 
CS Se eee + 0.375 v. 
Li ee ee re +0.345 v. (E; value) 
) os” ee ee +0 .315 v. 
ORG. ce x +0.285 v. 
0.001 M@........... + O.256v. 
O: 0001 M2... 65.5. + 0.225 v. 


In the same way the Nernst formula shows that if 
Zn/Zn**+ is —0.76 in a molar solution of Zn** it 
would be —0.73 in a 10 MW solution. Since, however, 
only one mole of Zn** can be formed while one mole of 
Cu** is being reduced to Cu it is clear that, while the 
two single potentials approach one another as the 
Daniell cell is being used, nearly all of the change will 
be at the copper electrode. 


ELECTROLYTIC SEPARATIONS 


When a metal is deposited upon the cathode during 
electrolysis, it is a case of reduction, and the lower the 
element in the list the easier it is to accomplish the re- 
duction. Thus gold plates out before platinum, copper 
before bismuth, and hydrogen is evolved before any 
lead is deposited in the presence of mineral acids which 
are unbuffered. If we have at the start 100 ml. of 
solution containing, say, 0.636 g. of Cu**, the solution 
is approximately 0.1 MJ in Cu+* and the electrode -po- 
tential is about +0.315; when only 0.1 mg. of Cu** 
remains in solution (as little as we can weigh on an or- 
dinary chemical balance) the solution is about 0.000016 
M and the electrode potential for Cu/Cu** is about 
+0.172. 

In general, therefore, we can deposit all the Cutt 
from a solution without changing the electrode potential 
as much as 0.2 v. Separations can be accomplished 
electrolytically if there is 0.2-v. difference in their nor- 
mal electrode potentials. In an acid solution it is 
possible to deposit all weighable copper without having 
any evolution of hydrogen gas. Cd/Cd** has the 
normal electrode potential of —0.40 v. and cannot, 
therefore, be deposited from solutions which are dis- 
tinctly acidic with mineral acid. Why is it then that 
cadmium can be deposited before copper from an alka- 
line solution containing cyanide? Insucha solution the 
cadmium is present chiefly as Cd(CN),4~? ions and the 
ratio of the concentration of the complex ion to that of 
Cdt+* is about 10'’:1. The copper, on the other hand, 
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is present chiefly as Cue(CN)s~*® ions and the ratio of the 
complex to simple Cut ion in N KCN solution is about 
107°:1. If sufficient KCN is added, the cadmium is 
precipitable by H2S or by electrolysis while the copper 
remains in solution. 


ELECTRODE POTENTIAL OF HYDROGEN 


The table of normal electrode potentials shows us 
that hydrogen ions can be expected to oxidize (or dis- 
solve) the metals above it. The reaction 


Zn + 2H*+ = Zn** + He 


represents an oxidation of zinc by hydrogen ions when 
it takes place in the direction of left to right. If a 
piece of zinc is placed in a solution which is molar in 
Fe+++ and molar in H+, what will happen? It has 
sometimes been assumed that the zinc dissolves in the 
acid and the nascent hydrogen reduces the Fe++*+. This 
is nonsense because the table of normal oxidation po- 
tentials shows that zinc is a much better reducing agent 
than H+ because the Zn/Zn** potential is much higher 
in the table. The table shows us that we would not 
expect dilute sulfuric or hydrochloric acid to dissolve 
copper, but since Fe++/Fet** is still lower in the scale 
we can understand why an acidic solution of a ferric 
salt dissolves copper very easily. 

In the electrolysis of sodium chloride between plati- 
num electrodes, is it easier to discharge Na+ or Ht? 
Elementary texts usually state that Na* ions are at- 
tracted toward the cathode, and this is absolutely true. 
On the other hand, the normal electrode potential of 
Na/Na?t is —2.72 v., and for a 10 MM solution it is 
— 2.78 by the Nernst rule. A 10 M solution of NaOH 
with OH- = 10 will give to H* the value 10~—", for in 
aqueous solutions 


[H*] X [OH-] = 10-'* 


where [H+] denotes the concentration of H+ in moles 
per liter and [OH~] is the concentration of OH™ in 
moles per liter. Since the Nernst rule is E3 = Ey + 
0.06 log ¢ this becomes for H+, Ez. = 0.00 — 0.06 pH. 
Therefore in 10 M NaOH the electrode potential of 
H/H+ = —0.90 v. Even in this strongly basic solu- 
tion it is easier to discharge H+ than Nat. 

The absurdity of assuming that Nat ions are dis- 
charged and that sodium then reacts with water to 
form NaOH was pointed out by M. LeBlanc in a 
text translated into English by W. R. Whitney in 1895. 


Freedom is not a condition of life. 


It is the absence of a condition of life. 
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The electrode reaction at the cathode is always the 
easiest possible reduction, as shown by the table of 
normal oxidation potentials, and the electrode reaction 
at the anode is always the easiest possible oxidation, 
and it is silly to assume that the ion which carries most 
of the current must be discharged when it reaches the 
electrode. The reaction 


2H:20 + 2e = 20H- + Hz 


is an easier reduction than that of Nat + e = Na, and 
this last reaction cannot possibly take place in the pres- 
ence of water. 


THE ELECTROMOTIVE SERIES APPLIED TO NONMETALS 


The electromotive series applies to all reactions of 
oxidation-reduction and is not, as so many texts imply, 
applicable only to metal displacement. For the halo- 
gens we find the Ep values to be 


2I- =#I; 
2Br-— = Bre + 2e 


+ 2e 


These values show that I~ is a better reducing agent 
than Br-, Cl-, or F~ and that fluorine is a stronger oxi- 
dizing agent than chlorine, bromine, or iodine. In 
analytical chemistry we have many iodimetric deter- 
minations. In slightly basic solutions iodine will oxi- 
dize in arsenite to an arsenate, and we standardize an 
iodine solution by weighing out pure As,O3. On the 
other hand, in strongly acidic solutions, alkali iodide 
will reduce quinquevalent arsenic to the trivalent con- 
dition. This can be shown true by the application of 
the Nernst rule and considering the concentrations in 
reactions such as 


AsO;-—~ + I: + 2HCO;- — AsOQ.-—~~ + 2I- + 2CO, + H:0 
AsO,-—~ + 2I- + 8Ht+ —Ast*+ + I; + 4H2,O0 


2F- =F, 


In nearly neutral solutions the upper reaction takes 
place completely, but in very strongly acidic solutions 
the lower reaction takes place. 

In reactions such as the latter and the very common 


MnO, + 8Ht + 5e— Mntt + 4H20 
the concentration of every ion involved must be taken 


into consideration. For the last reaction the Nernst 
equation becomes 





- + 
ies [MnO,7 ]log [H*]® 


0.0 
ma me (Mn**] 


The 


moment we think of it as a condition, we recognize—no matter what we may say to 
the contrary—a superpower which can tell us not only what is and what is not freedom, 


but also just how and why we must like it. 


I am reminded of that marshal of Napo- 


leon’s who, entering a captured town, summoned the citizens to the market place. 


**My friends,”’ he declared, “‘I bring you the perfect freedom. But be prudent. 


shoot the first man who stirs.”’... . 


I shall 


**Free enterprise,’”’ if it is to be anything but a name, is not a permitted way of 


business. 


It arises out of an absence of a permitted way of business.— Willard H. Dow. 
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HISTORY 


N 1863 Reich and Richter, in an effort to trace 
thallium in zinc blende taken from Freiberg, ob- 
served two new blue lines in the spectrum. The zinc 
blende had been roasted to remove most of the arsenic 
and sulfur. The residue had been dissolved with 
hydrochloric acid and evaporated to dryness. This 
residue of crude zinc chloride was submitted to a spec- 
trum analysis. It was then that they discovered the 
new element, indium, so named from its characteristic 
blue lines. 

Indium was regarded as a laboratory curiosity for 
many years and no commercial applications were at- 
tempted until, in 1924, W. S. Murray, in his examina- 
tion of some of the rarer and less known elements, 
found that additions of indium to nonferrous metals im- 
proved their properties (9). However, the available 
supply at that time was only one gram, with no im- 
mediate prospects of more. 


OCCURRENCE 


This scarcity led to a search for a source of supply 
which ended in Mohave County, Arizoma, where sizable 
quantities of indium-bearing ore were found. How- 
ever, the indium content of the ore was not high enough 
to warrant mining for the indium alone. At the present 
time the scoria of the zinc refinement process are uti- 
lized as sources of indium, supplying the needs for the 
metal. With an increasing demand the mining of the 
ores could be undertaken. 

Indium seldom occurs in a mineral in quantities over 
0.1 per cent. Some of the minerals in which it occurs 
are sphalerite, franklinite, smithsonite, calamine, alu- 
nite, rhodonite, phlogopite, manganotantalite, siderite, 
pyrrhotite, cassiterite, hiibnerite, wolframite, and 
samarskite (1). 


PRICE 


In 1924 the price of indium placed the metal in the 
precious metal class. At that time the price was $10 
per gram. By 1930 the price had dropped to $3.50 
and in 1935 it was $1. At the present time the price is 
slightly less than $1 per gram. 




















PROPERTIES 
Indium exhibits properties characteristic of the alu- 
minum group. A comparison of some properties of 
indium and aluminum follows: 


Indium (1) Aluminum (16) 
Atomic weight 114.78 26.97 
Specific gravity 7.3 2.7 
Melting point 155°C. 658.7°C. 
Boiling point 1450°C. 1800°C. 
Oxidation states 3, 2,1 3 
Resistivity 8.3 ohm-cm. at 0°C. (16) 2.63 ohm-cm. at 0°C. 
Specific heat 0.057 at 0-100°C. 0.2079 at 0°C. 
Hardness (Brinell) 1 (10) 16 
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Indium burns in air with a blue flame to form the 
sesqui-oxide, In.O3. If heated in the presence of halo- 
gens or sulfur, direct combination takes place. In 
each case indium goes to its highest oxidation state. 
The other halides (InX and InX2, where X is a halo- 
gen) have been prepared, with the possible exceptions 
of InF and InF;. Only the halides, InX;3, aré stable 
in the presence of water. There are three tri-fluorides 
of indium, the hydrates of the compositions InF;-3H,O0 
and InF;-9H,O and the anhydrous salt, InF;. Most 
indium compounds are soluble in water. 

Indium lies between iron and tin in the electromo- 
tive series; it has an electrode potential of +0.336 
volt (16). Dilute mineral acids such as HCl react with 
the evolution of hydrogen, while with nitric acid the 
following reactions occur together: 


In + 4 HNO;— In(NO;); + NO + 2H20 (I) 
8In + 30 HNO; — 8In(NO;); + 3NHiNO; + 9H:O (II) 


Two reactions are possible with concentrated sulfuric 
acid: In the cold 


2In a 3H2SO, <> In2(SOx)3 + 3H: 


With hot acid the following reaction occurs: 
2In + 6H2SO, <> In2(SO,)3 +3S0. _ 6H:O0 


Acetic acid will not dissolve metallic indium but 
oxalic acid reacts according to the equation 


2In + 6H2C20, -— 2H3[In(C20,)3] + 3H: 


Potassium hydroxide has no effect on the metal but 
In(OH)s; is precipitated from an indium-salt solution 
by the addition of KOH, NaOH, or NH,OH. This 
precipitation can be prevented by the presence of tar- 
taric acid: 

In(OH)s -- H2C,H,Og > H2C;,H2(InOH)Og + 2H.0 


The characteristic blue lines of indium occur at 
451.1 mp and 410.1 my. The crystal structure con- 
sists of a face-centered tetragonal with a = 4.583 
A.U., ¢ = 4.936 A.U. There are four atoms per unit 
cell with positions 000, 0'/21/2, 1/20'/2, 1/21/20, while 
the atomic radius is 1.569 A.U. (9). 


USES 


Indium finds most of its uses as an addition to other 
materials for the purpose of obtaining more desirable 
properties. For example, the addition of a small per- 
centage of indium to dental castings increases the cor- 
rosion resistance and hardness of the material (11). 
Indium’s importance in the plating industries has in- 
creased with the coming of the national emergency since 
a desirable plate can be secured which can replace nickel 
or chromium plate under certain conditions. The in- 
side surfaces of chemical pumps can be made more re- 
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sistant to corrosion and wear by 
plating with indium. Shortly 
before the production of pas- 





Low-melting-point alloys 
formed with bismuth or Lipowitz 
alloy are adaptable to fire alarm 








senger automobiles was curtailed, 
the Studebaker manufacturers 
were using indium-plate instead 
of the conventional chromium 
on the bright work of the auto- 





and sprinkler systems. Lipowitz 
alloy has a composition of 50 per 
cent Bi, 27 per cent Pb, 13 per 
cent Sn, and 10 per cent Cd. 
The melting point of this alloy 





mobiles. 
Indium and its compounds also 





is 70°C. Additions of indium to 
the alloy cause a drop in the 








find uses in jewelry, pharmaceu- 
ticals, medicines, mordants for 





melting point of 1.45° for each per 
cent of indium. A minimum 





dyestuffs, and also in low-melt- 
ing-point alloys. It has been 
substituted for tin in certain 


solders and tin babbits (17). 


ALLOYS 


Indium forms alloys with 
many metals; some of them 
are lead, thallium, tin, silver, gold, platinum, mer- 
cury, bismuth, and sodium. Alloys of Au-In have 
good brazing characteristics. For example, the alloy 
of 77.5 per cent Au and 22.5 per cent In has a work- 
ing temperature of about 500°C. (18). This enables 
the alloy to be used on metal pieces with glass inserts. 
The low vapor pressure of indium also prevents con- 
tamination of adjacent parts. Increasing the indium 
content of the alloys also lightens the color which gives 
pleasing decorative finishes. Indium alloys are very 
corrosion resistant. Alloys of Cu-In with 10 to 50 per 
cent In form an expensive but useful series of such 
alloys, as do In-Sn alloys (4). Indium plating on motor 
bearings has improved the corrosion and resistance and 
wearing properties so as to lengthen materially the 
effective life (13). 


FIGuRE 1 


melting point of 46.5° is secured 
with an alloy of 18.36 per cent 
In and 81.64 per cent Lipowitz 
metal (7). An effort to reduce 
the melting point still further by 
the addition of varying amounts 
of thallium was unsuccessful (5). 

Such low-melting alloys could 
also be used in making casts 
for broken limbs; a form is made around the 
broken member and the molten alloy poured into it. 
The alloy would be at a temperature which would cause 
no discomfort to the patient. 

In dental work indium amalgamated with mercury 
is frequently used. In fact, this was probably the 
first commercial use of indium. The resulting fillings 
are harder, more resistant to corrosion and discolora- 
tion than conventional fillings and look little different. 

Indium cannot be plated on ferrous metals directly. 
However, by first coating the iron or steel with a metal 
such as zinc, cadmium, or some similar metal which has 
a higher electrode potential than the iron or steel an 
indium plate can be deposited successfully. After 
such a plate is deposited the article is baked at a tem- 
perature slightly above the melting point of indium for 
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Indium can be plated directly on non- 
ferrous metals. Generally, the plate is 
diffused into the base metal by the method 
mentioned above. Such coatings are 
more resistant to certain kinds of chemi- 
cal attack than the base metal and are 
usually harder (15). 

In plating indium an insoluble anode 
of carbon or platinum is used. The 
current should be strong enough to 
produce gas at the cathode. The bath 
consists of InCl,, NaCN, and dextrose 
solution. Plates resulting from this proc- 
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a constant value at 5 to 8 mg./amp. min. 

Articles plated in this manner are also 

treated by the diffusion process. Even 

a poorly applied electroplate may be smeared and 
diffused so that the resulting surface will not be un- 
desirable. This is due to the soft buttery character- 
istics of the plate before diffusing. 

The recovery of the indium from the rinse solutions 
and the old plating solutions is commercially important. 
These solutions contain organic material such as 
dextrose, filter paper, etc.; NaCN and KCN are also 
present, in addition to the following metals: In, Cd, 
Pb, Sn, Cu, Zn, Ag, Fe, Ni, Si (as SiOz). The first 
step in the process is evaporation of the solution to dry- 
ness and ignition at 700° with a good draft until the 
organic material is destroyed. The residue is then dis- 
solved in hydrochloric acid. The residue which is 
filtered out consists of AgCl, PbChk, and SiO... The 
filtrate is treated with NH,OH, which precipitates 
In(OH)3, Fe(OH)3, and Sn(OH)s. These hydroxides 
are dissolved in HCl and the solution is electrolyzed. 
Indium and a little iron and tin plate out. To purify 
the indium the electrolyte is changed to H,SO, and the 
current reversed. Almost pure indium plates out on 
the other electrode. If the amount of iron in the 
original plating solution is relatively large, there is a 
chance that some iron will be deposited in the last step 
of the process. For this reason it is desirable to keep 
the iron content as low as possible in any solutions used 
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in the process of plating indium. The presence of rela- 
tively large amounts of iron cuts the per cent of indium 
recovered by this process to 75 to 80 per cent (6). 


METHODS OF PRODUCTION 


Reich and Richter extracted indium from zinc blende 
by the process shown in Figure 1. The zinc blende was 
first dissolved in nitric acid and the sulfides of the 
heavy metals precipitated by passing H.S through the 
solution. The indium remained in the filtrate and was 
precipitated by the addition of excess ammonia. To 
remove completely the zinc and manganese the above 
was repeated. Finally, the impure In(OH); was dis- 
solved in acetic acid... This solution was treated with 
H2S to precipitate impure In.S; which was then dis- 
solved in HCl. With the addition of the proper 
amount of NH,OH the iron alone could be precipitated 
as Fe(OH)3. With the addition of more NH,OH, 
In(OH); precipitated. 

Winkler’s method of separating indium is shown in 
Figure 2. Indium-bearing zinc metal was treated with 
a quantity of dilute H»SO, which would dissolve almost 
all the material, leaving a residue of zinc. On this 
residue there collected a spongy mass composed of 
lead, copper, cadmium, tin, arsenic, iron, and indium. 
Nitric acid was used to dissolve the spongy mass, after 
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which the solution was evaporated with sulfuric acid. 
Lead sulfate was left behind on the filter. The filtrate 
was treated with NH,OH to precipitate In(OH); and 
Fe(OH); which were dissolved in HCl. The resulting 
solution was approximately neutralized and boiled 
with NaHSO;, which precipitated the basic sulfite, 
In2(SOs3)3'In(OH)3:5H,O. The basic sulfite was dis- 
solved in sulfuric acid and pure In(OH); was obtained 
by the addition of NH,OH. 
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operation the impure InCl; was submitted to electrolysis 
to obtain the metal. Later, Murray used a slightly 
different process as shown in Figure 4. The mass result- 
ing from the flotation process was dissolved in sulfuric 
acid and metallic zinc was added to the solution. Me- 
tallic indium precipitated. For higher purity, this 
process was repeated. 

Iron is the most persistent impurity. Pure In(OH); 
may be precipitated in the presence of iron by the addi- 
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Murray obtained the metal by the process shown in 
Figure 3. Zinc concentrate was first ground and 
treated to a flotation process after which the indium- 
bearing material was roasted with NaCl. After this 
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tion of BaCO; according to the reaction: 
2InCl; + 3BaCO; + 3H20 — 2In(OH); + 3CO, + BaCl 


Iron in the ferric state will not undergo this reaction 








Dissolve in ASQ 
Add Zn Pletal 


REZ] 


Materia 

















FIGURE 4 





Aucu 


(3). J 
to dry: 
ing sol 
as FeS 
for cor 
indium 
Still 
to a 
Fe(CN 
The a 
mixed 
and Al 
InB: 
left as 
indium 
Whe 
of car 
may t 
dium 
electro 
pyridit 
metal. 
Cor 
deposit 
patent 
The se 
In.Oz, 
an ind 
of 2 ar 
done a 
The 
solutio 
sulfuri 


\ 
IRS 
sili 
Corporz 
on a ser 
time. 

It is 
because 
silicon | 
derivati 
and val 
of glass 


As so 
In the « 
silicone: 
propert 
enginee 
facture 
water t 
most or 
cosity ¢ 
used lic 
ice tem 
peratur 

Obvi 
been di 
they ar: 


Aucust, 1944 


(3). Another method used is to add NaCl, evaporate 
to dryness, dissolve in cold water, and treat the result- 
ing solution with H2S. Only a little iron precipitates 
as FeS and this procedure can be repeated several times 
for complete separation of the iron and indium. The 
indium is precipitated as In2S3. 

Still another method of removing iron is to add KCNS 
to a solution of the mixed chlorides and extract 
Fe(CNS)3 with ether. Indium remains in solution. 
The addition of alcoholic pyridine solution to the 
mixed chlorides precipitates InCl;3C;H;N; FeCl; 
and AlCl; remain in solution. 

InBrs; may be sublimed in a stream of CO2; FeBr is 
left as a residue. The usual method of purification of 
indium is by electrolytic deposition. 

When In,O; is heated in hydrogen or in the presence 
of carbon, the metal is obtained. Metallic indium 
may be precipitated from an acid solution of an in- 
dium compound by the addition of zinc metal. The 
electrolysis of the chloride or sulfate in the presence of 
pyridine, hydroxylamine, or formic acid also yields the 
metal. 

Commercially, there are three methods of electrolytic 
deposition. The first is the cyanide bath process 
patented by the Indium Corporation of America. 
The second process utilizes a bath composed of H2SO,, 
In,O3, and sodium citrate (1). A platinum anode and 
an indium or steel cathode is used. A current density 
of 2 amps./sq. dm. is required and the plating may be 
done at room temperatures. 

The third method involves the use of the sulfate 
solution. In the presence of a little gelatin and free 
sulfuric acid (or Rochelle salt, acetic acid, or sodium 
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acetate), and with the use of a current density of 3 to 
6 amps./sq. dm. at 60°C., indium is deposited quanti- 
tatively. 
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What's Been Geing On 


IRST commercial production of ‘‘silicones,’’ new organo- 

silicon polymers, has been announced by Dow Corning 
Corporation of Midland, Michigan. Development of silicones 
on a semiproduction basis has been in progress for a considerable 
time. 


It is interesting to note that this early work was initiated 
because of the advent of glasslike plastics. Since glass is a 
silicon product, it was believed possible by them that organic 
derivatives of silicon should yield products having some unusual 
= valuable properties, perhaps similar in some degree to those 
of glass. 


As so frequently occurs, the research led down unforeseen paths. 
In the course of the investigations water-white liquid polymeric 
silicones were discovered having unusual chemical and physical 
Properties. These materials, which are very interesting from an 
engineering standpoint, are now available. They are manu- 
factured in various viscosities ranging from liquids as thin as 
water to those which barely flow at room temperature. Their 
most outstanding property is an exceptionally low rate of vis- 
cosity change with temperature, compared to that of previously 
used liquids. Certain types are made that do not freeze at dry 
ice temperatures and these same products can be used at tem- 
Peratures up to 400 to 500°F. 


Obviously the exact purposes for which these materials have 
been developed cannot be discussed at this time. However, 
they are now in quantity production, and samples and informa- 


tion on their properties can be obtained from the manu- 
facturer. 

Among the other products are electrical insulating varnishes 
and resins. These materials are the culmination of early efforts 
to find suitable coating resins for use with glass textiles for 
electrical insulation or for other purposes where elevated tem- 
peratures are apt to be encountered. In general, none of the 
organic varnishes was substantially better, from the standpoint 
of heat resistance, than the cotton or paper usually used in elec- 
trical windings. Hence there was a definite need for resinous 
dielectrics that would not decompose and carbonize when elec- 
trical equipment was overheated. 

Silicone resins for electrical insulation extend the range of 
operating temperatures possible in electrical equipment beyond 
the limit of thermal stability of conventional organic materials. 
One of the resins is available as a coating and impregnating 
varnish which may be applied to Fiberglas cloth, asbestos cloth, 
asbestos paper, and Fiberglas served wire or the like by con- 
ventional dipping and drying methods. It requires baking at a 
temperature of 250°C. for one to three hours to cure to a non- 
tacky state. Another is an impregnating varnish which sets 
with heat at 200°C. These materials do not carbonize or darken 
when subjected to prolonged heating at the curing temperatures. 
In combination with Fiberglas, asbestos, and mica, these im- 
pregnating and coating resins permit the design of many types 
of electrical equipment for higher safe operating temperatures 
with consequent increase in capacity and life performance. 





LETTERS 


To the Editor: 

Regarding the article on liquefying ammonia,' I 
cannot resist the urge to add my experience to that of 
your correspondent from Putney, Vermont. I, too, 
attempted this experiment but, having learned long 
ago that rarely are adequate precautions prescribed, 
used not only safety goggles but did the whole thing 
in a recessed sink. Nonetheless, the blasted tube blew 
up in my case, too, and luckily I escaped with but a 
few wrist lacerations. 

On the whole, the directions, in my opinion, were de- 
cidedly inadequate, and the breezy style must have 
conveyed to others (possibly younger, less experienced 
manipulators, too) that no danger whatever was in- 
volved. Then, also, I submit, one of the worthy pur- 
poses of such scientific suggestions should be, in addi- 
tion to increasing one’s knowledge, that they permit 
one’s survival. 

JosePH LEV 

BAYSIDE H1GH SCHOOL 

BaysipE, NEw YORK 

P.S. Is the original author still alive? 

Editor: Yes. 


1 SHUMAKER, “‘Refrigeration: A demonstration for the class- 
room,’’ THIS JOURNAL 21, 195 (1944). 


To the Editor: 

May I presume to speak with favor on the editorial 
in the April, 1944, issue of the JOURNAL OF CHEMICAL 
EpucaTIoN? In particular I refer to the following state- 
ment: “It is time we had a real division of chemical 
education, to which people will look for leadership in 
any branch of the field. . . to trust (it) in matters of 
professional educational policy as confidently as (the 
A. C. S.) trusts any of the other divisions to establish 
standards and procedures.’’ People have missed that 
sort of leadership. 

Among the rank and file of the A. C. S. membership 
over the country there is a resurgence for more real 
professional status. This is reflected in part in many 
of the Local Section Publications, which are a medium 
for expression of opinions from the base membership 
upward. These publications are not properly equipped 
to do any more than make surveys and point out prob- 
lems, crystallizing points around which considered 


opinion can revolve to come to some stationary con- 
structive levels. They are by no means able to offer 
solutions to problems. In the background of the prob- 
lems they have to point out is that professional outlook 
of unfortunately limited dimensions in the average 
practicing chemist. Somewhere in his formal education 
the scope of his professional outlook was fixed in a 
manner which time has proved actually hampers im- 
provement in the status of the average chemist. In no 
other recognized profession does the practitioner con- 
fuse himself with his profession and the practice of it 
as much as does the chemist with chemistry and things 
chemical. This makes it quite difficult for the average 
chemist to be as adept a citizen as he ought to be in 
justice to himself. To “step out of the laboratory” 
he should be taught first how to step out of his class- 
room, and learn to accept the whole world and its 
unscientific ways as his next classroom! 
G. M. JUREDINE 


2228 WESTMINSTER ROAD 
CLEVELAND, OHIO 


To the Editor: 
Enclosed is a ‘‘poem’’ which my classes in chemistry 
have found amusing, and I thought that it might 


possibly be amusing to classes of other teachers. 


A BIOCHEMICAL SONNET 


Love is but an unknown change 
In physicochemical constitution; 
Perhaps a jog in blood pH, 
A concentration or dilution. 
Some active ions are involved 
And charged micelles, no doubt. 
The cerebrospinal fluid thickens, 
Or mayhap it thins out. 
Who knows but that the only shift 
When broken love has turned to hate 
Is but a mutual precipitation 
To form some bleak coacervate. 
True love thus smacks of Brownian Movement, 
But could you ask for an improvement? 


HUBERT FRINGS 
WEsT VIRGINIA WESLEYAN COLLEGE 
BUCKHANNON, WEST VIRGINIA 


*‘However, unless our efforts are supplemented by a spiritual and educational 
awakening, we may have difficulty in maintaining the equanimity necessary to see 


us through these momentous times. . . 
good education. 


ever may happen to the capitalistic system, such experts will have little to fear. 
best insurance against radicalism is to be an expert in something useful. 
next six years wise parents will pour money into foolproof education. 


Young people should now insist upon a 


‘ise are they who become experts in some one line of work. What- 


The 
For the 
This will be 


the safest of all investments and pay the biggest dividends.’’—Roger W. Babson in 


The Washington Post. 
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NEW ENGLAND ASSOCIATION 
of CHEMISTRY TEACHERS 


The Chemistry of Writing Inks 


CHARLES A. SCHMITT 


Carter’s Ink Company, Cambridge, Massachusetts 


HEN a person writes with a fountain pen, or a 

steel pen filled with ink, he is using a method of 
transferring thoughts to paper which has been in 
existence for many centuries. 

It seems probable that the carbon ink of ancient 
Egypt (about 2500 B.c.) was prepared in the form of 
solid sticks, as in China. Water was added to make a 
paste and reed pens were used to write on papyrus. 
Inkstands have been found in ancient tombs and ruins, 
from about 1600 B.c., containing dried carbon. The 
monk Theophilus, who wrote an encyclopedia of 
Christian art in the 11th century, described a method 
of preparing writing ink from thornwood and mixing it 
with green vitriol (ferrous sulfate). Albertus Magnus, 
in his writings from 1193 to 1280 a.p., refers to making 
an ink from green vitriol. Peter Canneparius, pro- 
fessor of medicine at Venice in 1660, made black ink 
from galls and vitriol, and colored inks from various 
woods and the juices of berry-bearing plants. On the 
first page of John Milton’s Bible there is entered in his 
own handwriting the record of births of himself and 
members of his family. One of these dates (his daugh- 
ter’s) is May 2, 1652. These ink writings appear to be 
made with iron gall inks. 

In the days when writing was a polite accomplish- 
ment the commercial manufacture of writing ink was 
not profitable. The careful housewife would rank it 
among her duties to make ink from her recipe book. 
Here is one copied from an old English family booklet: 
“Take four ounces of gum arabick, beat small, two 
ounces of gall, beat gross: One ounce of copperas, and 
a quart of the comings off strong ale. Put all these to- 
gether and stirr them 3 or 4 times a day for about 14 
days, then strein through a cloth.’’ Another recipe 
says to put a little brandy in the ink to “hinder mouldi- 
ness,”” 

In 1609 Guyot invented an iron gall ink and sold it 
in Paris. The earliest scientific investigation of the 
chemical reactions between iron salts and an infusion 
of galls appears to be that of Robert Boyle of Oxford 
in 1663. Other men to carry on this line of work were 


— 


_\ Abstract of an address given at the 226th meeting of the 
N.E.A.C.T. at Mechanic Arts High School, Boston, Massachu- 
setts, on May 6, 1944. > 


Otto Tachen in 1666, Dr. William Lewis in 1748, and 
Ribeaucourt in 1792. August Leonardi of Dresden in 
1856 patented an iron gall ink with alizarin and indigo 
as coloring agents. Croc of Paris followed with the 
use of aniline dyes in 1861. The State of Massachu- 
setts passed a statute in 1899 regarding specifications 
for a standard record ink, using definite amounts of 
tannic and gallic acids with iron sulfate, hydrochloric 
acid, and aniline blue. This formula is similar to that 
proposed by Schliittig and Neumann in their book, 
“Die Eisengallustinten.” The U.S. Bureau of Stand- 
ards also has similar specifications for the writing 
ink used in all government records. At this point it 
may be interesting to state that the Declaration of 
Independence and the Constitution of the United States 
were written with an iron gall ink. 

Writing inks may be classified according to the 
following categories: 

1. Blue-black-permanent. Writes blue and oxidizes to black 
color. Made with tannic-gallic acids, iron sulfate, and 
aniline blue. 
Blue-permanent. 
original color. 

(a) Made with metallic gallotannates and pararosanilin 
blue. y 

(b) Made with soluble Prussian blue. Writes blue, 
stays blue. Made with ferrocyanide group. Soluble 
in oxalic acid. 

Blue-washable for school and college use where permanent 
records are not required for students’ work. Water re- 
moves writings. Made with acid and basic blues not fast 
to water on writing paper. 

Black-permanent. Writes black, becomes blacker by age. 
Good for V-mail letters. 

(a) Made with gallotannate of iron base with a 3 to + 
aniline color combination. 

(b) Made by oxidizing logwood extract (hematoxylin) 
with chromate of soda to hematin, producing a 
purple-black color. 

Black-washable. A popular public school ink, for pen- 
manship classes. Made with blue and jet shades of nigrosin 
and indulin. 

Colored inks. 


Writes blue but does not change its 


In this class are the permanent and washable 
reds, green, violet, and brown. Used in business for book- 
keeping and contrast work in department offices. These 
inks are made with acid and basic aniline dyes which contain 
organic radicals that are capable of combining with mor- 
dants to fix the colors on the fiber of the paper. 

Recording gage pen inks. The use of this class of ink is 
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tremendous now because of war industrial plants with 
hundreds of recording instruments. The ink specifications 
require pure colors and materials, and tests are made for 
viscosity, speed of penetration, time of drying on charts, 
and absence of offsets on crossed-line tracings by the 
recording pens. 

Indelible writing inks. Made especially for laundry work, 
where fastness to hot water, soap, and bleaching chemicals 
is required. Alcohol-soluble aniline colors of high purity 
and strength are used with special distilled coal-tar solvents. 
The Army and Navy Departments of Laundry Equipment 
order at times over 100,000 bottles of these inks for the 
soldiers and sailors to mark their underwear, personal be- 
longings subject to water damage, and various types of 
cotton and woolen clothing. 

Drawing inks. Made for draughtsmen and artists in 


newspaper and photographic work. The black ink is used . 


now largely in the drafting rooms of immense war plants 
where blueprints are required for hundreds of machine 
and instrument parts. The ink formulas are the result 
of hundreds of experiments to obtain the finest particle 
size and uniform dispersion of carbon black in certain ve- 
hicles miscible with water. All these drawing inks must be 
waterproof on tracing cloth and paper. The colored inks 
are made with selected alkali-soluble dyes. 

Show card and poster inks. Used for theater and stage 
screen work. Department stores have their own poster 
artists who make up and color all kinds of displays for their 
show windows and inside store signs, as sketches of ladies’ 
dresses, coats, hats, etc. Lobby posters for the movie 
theaters, hotel easel sign cards are drawn and lettered with 
special pens with these so-called pigment inks. The 
studios in Hollywood, especially Walt Disney, use these 
colored inks made in many shades for technicolor produc- 
tion work. In this class of inks also belong those made 
with gold and silver bronze, for greeting cards and border 
lines on private letter paper. White writing ink is used 
largely for marking in photographic albums and sketching 
on dark-colored papers. 

Hektograph and duplicator writing inks find extensive use 
in making copies from one master writing on gelatin-coated 
cloth. Used by large firms for all kinds of order blanks and 
work sheets. China, before her present war with Japan, 
bought large quantities of this ink in red and purple colors 
to use in making copies of school lessons for children, since 
it is cheaper than printed paper. 

12. Invisible writing ink. Used for secret code letters, especi- 
ally now in these war days, for all forms of messages. These 
are written on different parts of the human body, in news- 
papers, magazines, paper money, postage stamps, and with 
specially treated chemical paper. These inks are made 
with chemical salts which develop color by heat, ammonia, 
or sulfide fumes. Starch and dextrin writings are made 
legible by iodine vapors, 


These 12 classes of writing inks are made from 
secret formulas and therefore I could mention only in a 
general way their ingredients or process of manufacture. 
I can say a little about tannic and gallic acids and the 
tannates and gallates. The best-known tannin, gallo- 
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tannic acid, of formula CyHyO,, is obtained from 
Turkish aleppo, Chinese, and Japanese gall nuts, 
By special extraction methods, the finely ground galls 
give a tannic acid extract which may be determined 
gravimetrically or by the Schroeder-Lowenthal titra. 
tion. Gallic acid, CsH.O; (3,4,5-trihydroxybenzoic 
acid), is obtained from gallotannic acid by fermentation 
with mould fuhgi such as Penicillium glaucum and 
Aspergillus niger or by the hydrolytic action of dilute 
acids. Tannic acid reacts with ferrous sulfate to give 
a brown-black color due to ferrous tannate. Gallic 
acid gives a blue-black color of ferrous gallate with the 
same salt. Air oxidation of these compounds gives the 
principal ingredients of the iron inks. 

The chemistry of writing inks is knowledge acquired 
by the ink chemist over a period of many years of re- 
search and experience in the manufacture of these inks. 
Laboratory control of materials and products tested 
against standards requires scientific knowledge, as 
millions of bottles are used every day for every purpose 
of writing. It is not generally known, however, that 
the ink chemist is called upon to examine the ink 
writings on questioned documents. Often he will be 
called upon to testify in court as an expert witness and 
perform tests on the questioned writings. In fact, he 
can make an analysis of individual letters in a word. 
To show you the scope of chemical tests on ink writings 
in disputed documents, I might list some of the cases 
in which the ink chemist has played an important role 
in the courts: 

1. Identification of Cochineal red ink writings in a 
Jewish family Bible 75 years old 
2. Brown ink writing in a girl’s diary which saved 

her from a prison sentence 

Purple ink records of a state institution found to 
be consistent with dates 

Address on wrapping paper covering a bomb 
which exploded 

Signatures on stock certificates written with a 
certain hotel ink 

An extortion letter for $100,000 written with 
washable blue ink 

A sight draft changed from $500 to $500,000 to 
a nurse 

A promissory note and confirmatory letter for 
a million dollars 

Birth and baptismal certificates in a claim of an 
heir to a million dollars 

Bible records to prove claims of heirs to 2 
seventeen-million-dollar estate. 


LABORATORY LUBRICANT 
Glycerin has an established place in the formulation of laboratory and other lubri- 


cants, especially those designed to be resistant to organic solvents. 


A good, easy-to- 


prepare lubricant is described by C. Weygand (Chem. Tech., 16, 64 (1943)] as being 
suitable for use in chemical laboratory stirring equipment, and is obviously applicable 


for other lubricating purposes. 


According to Weygand, this lubricant can be made 


by grinding 10 g. of soluble starch and 40 g. of glycerin at 160°C. until the mixture 


becomes clear. 





RECENT BOOKS 


LABORATORY MANUAL oF Spot Tests. Dr. Frilz Feigl, Labora- 
torio da Producdo Mineral, Ministerio da Agricultura, Rio de 
Janeiro, Brazil. Translated from the German manuscript 
by Ratpu E. Ogsper, Ph.D., Professor of Chemistry, Univer- 
sity of Cincinnati. Academic Press, Inc., New York, 1943. 
xii + 276 pp. 46 figs. 15 X 23cm. $3.90. 

This book is by a pioneer in the field of spot test analysis. It 
was written to serve as a manual for instruction in spot tests 
and to be used in a course designed for advanced students who 
have completed courses in inorganic, organic, physical, and 
analytical chemistry. Such a background is a necessary requi- 
site for a student to understand spot reactions, since they involve 
organic reagents, complex formation, catalyzed reactions, capil- 
lary processes, and so forth. Although the manual was designed 
especially for teaching purposes, the professional chemist was 
also kept in mind. In addition to drawing from his more than 
20 years’ experience in the field of spot test analysis, the author 
spent almost two years composing the manuscript and in de- 
veloping new examples that would be especially appropriate 
for their educational value. The book, therefore, contains many 
examples and applications of spot reactions that are published 
here for the first time. 

The ‘“‘Manual”’ is divided into nine chapters as follows: Chap- 
ter I (22 pp.) presents a general discussion of the theoretical 
foundations of spot test analysis; Chapter II (40 pp.) is on the 
technique of spot test analysis, including a description of the 
necessary equipment, much of it illustrated with 39 figures; 
Chapter III (38 pp.) presents in six parts an extended treatment 
of surface and capillary effects, together with appropriate in- 
structive experiments; Chapter IV (70 pp.) deals with spot 
reactions designed to detect or identify inorganic materials and 
includes spot test8 with inorganic reagents (normal salts and 
complex compounds), organic reagents, tests with the aid of 
masking and demasking reactions, tests by means of catalysis 
reactions, and tests by induced precipitations; Chapter V (29 
pp.) is on qualitative organic spot analysis and consists of three 
parts: the detection of certain elements in organic compounds, 
the detection of certain characteristic groups of atoms, and the 
detection of specific organic compounds. Chapters VI, VII, 
and VIII (45 pp.) deal respectively with the practical application 
of spot reactions to the testing of rocks and minerals, industrial 
materials, and biological substances. Many practical examples 
are given. The “Manual” closes with Chapter IX (16 pp.) on 
quantitative determinations by means of spot colorimetry. 
Auxiliary reagents are listed in the Appendix, together with a 
“Floor plan of a spot test laboratory’’ (drawn to scale). 

“A general discussion of the main topics to be treated opens 
each chapter and division. The chemical basis for every test is 
given as well as adequate working directions. The choice of 
experiments has been dictated largely by the desire to use ex- 
amples which are both characteristic and also of important 
practical value. Constant stress has been laid on the micro- 
chemical aspects. A critical evaluation has been given for each 
test as to its specificity and selectivity. The interference due 
to accompanying materials is considered in every case, and 
directions are given for obviating this interference, provided the 
‘foreign’ material does not exceed certain limits. In all, about 
180 experiments are included. These can be performed easily 
in a course extending over 2 to 3 months, by students who have 
had some previous training in chemical manipulations.” 

“Manual of Spot Tests” will make a valuable companion to 
Dr. Feigl’s previous books: ‘Qualitative Analysis by Spot 
Tests” (translated by Matthews, 2nd ed., 1939) and Specific 
and Special Reactions” (translated by Oesper, 1940), in which 
will be found additional exercises, a more detailed discussion of 
the underlying theories, and references to the original literature. 


The book is well indexed and attractively bound. Professor 
Oesper is to be congratulated upon doing such an excellent job 
translating the German manuscript. Analytical chemists will 
be grateful to Dr. Feigl for his painstaking care in writing a 
well-rounded and practical manual of spot test analysis. It 
should be a valuable aid in the teaching of advanced chemistry. 

JouN H. Yor 


UNIVERSITY OF VIRGINIA 
CHARLOTTESVILLE, VIRGINIA 


THE CHEMISTRY OF SYNTHETIC SUBSTANCES. Emil Dreher. 
Translated by Marion Lee Taylor. Philosophical Library, 
Inc., New York, 1943. 103 pp. 13.5 X 21cm. $3.00. 


A collection of papers by Emil Dreher previously published 
is put under one cover and translated from the German. The 
phases of the chemistry of high-molecular-weight polymers 
which are discussed include the following: determination of 
molecular weight by viscosity measurements, physical and 
chemical properties of synthetic drying oils, mechanism of 
polymerization and polycondensation, and the influence of 
structure and groups on the solubility of high polymeric sub- 
stances. It is largely a review of the work of Staudinger and 
other German investigators previous to 1938 with very few 
references to foreign publications. 

The translation suffers very definitely in being too literal 
throughout the book (e. g., copious abundance,’”’ p. 10) and 
occasionally is almost unintelligible, e. g., p. 77. The current 
technical terminology is not used in a number of cases: double 
union for double bond, coordinate where conjugate is meant, 
liveliness for reactivity, acetification for acetylation, and chloro- 
caoutchouc for chlorinated rubber. To the reviewer it appears 
to be a questionable scientific contribution to the literature to 
publish a poor translation of a book five years out of date (at 
time of publication) when there is an acute paper shortage. 

LEALLYN B. CLapp 


Quantum CHeEmistry. Henry Eyring, Frick Chemical Labora- 
tory, Princeton University, John Walter, Palmer Physical 
Laboratory, Princeton University, and George E. Kimball, 
Department of Chemistry, Columbia University. John Wiley 


and Sons, Inc., New York, 1944. 

tables. 14 X 21.5cm. $5.00. 

It has become increasingly apparent in recent years that in 
spite of its essential mathematical basis, quantum mechanics 
has important contributions to make to chemistry. According 
to Dirac, the underlying physical laws necessary for the formula- 
tion of a mathematical--theory of the whole of chemistry are 
completely known. However, it is only in the simplest cases 
that it has been possible hitherto to obtain even an approximate 
solution to the resulting equations. Nevertheless, it cannot be 
denied that quantum mechanics has already been of value in 
the elucidation of problems related to valence, chemical struc- 
ture, atomic and molecular spectra, intermolecular forces, etc. 
As the authors of the book on ‘Quantum Chemistry” state in 
their preface, ‘‘no chemist can afford to be uninformed of a 
theory which systematizes all of chemistry even though mathe- 
matical complexity often puts exact numerical results beyond 
immediate reach.” It is therefore their object ‘‘to put into a 
systematic, condensed form the tools which have been found 
useful in efforts to understand and develop the concepts of 
chemistry and physics.” 

Some indication of the scope of the book can be obtained from 
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the chapter headings, which are as follows: Introduction: The 
Old Quantum Theory; The Principles of Classical Mechanics; 
The Principles of Quantum Mechanics; The Differential Equa- 
tions of Quantum Mechanics; The Quantum Mechanics of Some 
Simple Systems; The Hydrogen Atom; Approximate Methods; 
Time-Dependent Perturbations: Radiation Theory; Atomic 
Structure; Group Theory; Electronic States of Diatomic 
Molecules; The Covalent Bond; Resonance and the Structure 
of Complex Molecules; The Principles of Molecular Spectro- 
scopy; Quantum Statistical Mechanics; Quantum Mechanical 
Theory of Reaction Rates; Electric and Magnetic Phenomena; 
and Special Topics. Included in the chapter on electric and 
magnetic phenomena is a short treatment of the theory of optical 
rotatory power, while the last chapter contains a brief discussion 
of Van der Waals’ forces and the restricted internal rotator. 
The book is concluded with an appendix which deals with a 
number of mathematical problems, and which contains a useful 
summary of the essential properties of the symmetry groups. 

It will be evident from the foregoing enumeration that a large 
amount of material has been covered within the less than four 
hundred pages of the book. Much of this material is not readily 
accessible elsewhere, and certainly no other textbook on quantum 
mechanics deals with so many topics of chemical significance. 
In view of the relatively small size of the book for the ground 
covered it is inevitable that the discussion is often very con- 
densed, as the authors admit. Although a certain amount of 
illustrative material is given, a great deal more would have been 
welcome, even at the cost of a slight increase in the number of 
pages. An unusual and highly commendable feature is the early 
introduction of group theory, which has proved such a powerful 
tool for the solution of problems connected with molecular 
spectra and molecular structure. 

This book should provide a useful text for a graduate course 
in the applications of quantum mechanics to chemistry, although 
it would probably prove to be somewhat too difficult for self- 
study. It is stated in the preface that ‘‘the unavoidable for- 
mality of quantum mechanics looks much worse on first reading 
than it is.’ The reviewer is inclined to agree with this opinion, 
and he feels that a little encouragement from a teacher would go 
a long way toward overcoming the inevitable shock experienced 
by most students of chemistry upon their first encounter with 
quantum mechanics. There is no doubt, however, that the 
efforts made in the study of the subject will be amply repaid, 
and a good student who worked through this book would find 
himself with equipment of the utmost value in his chemical 
career. 

SAMUEL GLASSTONE 

BERKELEY, CALIFORNIA 


INORGANIC QUALITATIVE ANALYSIS. /iarold A. Fales, Professor of 
Chemistry at Columbia University, and Frederic Kenny, 
Professor of Chemistry at St. Francis College, Brooklyn. D. 
Appleton-Century Company, Inc., New York, 1943. ix + 237 
pp. 39figs. 15 X 22cm. $2.65. 

In many courses in qualitative analysis greatest emphasis is 
placed upon the teaching of inorganic chemistry, since this sub- 
ject is being crowded more and more from the beginning and gen- 
eral chemistry courses. In others, chemical principles are stressed 
and the experimental schemes of qualitative analysis are used to 
illustrate these principles. In relatively few courses the para- 
mount objective is the development of laboratory skills on the 
part of the student. The following statement, taken from the 
Preface of ‘‘Inorganic Qualitative Analysis,” is a more accurate 
description of the contents than the title of this book and sug- 
gests that it would be best suited to the second type of course: 
‘“‘The main purpose of the authors is to present clearly some im- 
portant fundamental principles of chemistry and to use as a 
framework for the study of these principles well-tried and well- 
established qualitative analytical procedures.’’ For an other- 
wise short and elementary treatment, the semester course out- 
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lined by these authors is concerned to an unusual extent with the 
development of theoretical concepts. For example, the theories 
of electrolytic solutions and of oxidation-reduction potentials are 
discussed as completely as in most texts for introductory courses 
in physical chemistry. Supplementary laboratory exercises are 
included to tie the procedures to the theories. These topics have 
been very competently handled and should be readily assimilated 
by the better students. The analytical part of the laboratory 
work follows the usual semimicro plan and presents few innova- 
tions. Use is made of only three organic precipitants. To make 
it possible to cover the work in a semester, the number of anions 
considered has been reduced to four, Cl-~, SOy=, NO3;~, and CO,=. 
For a semester course with a limited number of laboratory 
periods, such a disproportionate emphasis on theory can be justi- 
fied, but the reviewer would prefer to use a text which includes a 
greater amount of descriptive inorganic chemistry. 
LAURENCE S. FOSTER 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


W. T. Read, Dean of the School of 
John Wiley 
14 X 22 


INDUSTRIAL CHEMISTRY. 
Chemistry, Rutgers University. Third Edition. 
and Sons, Inc., New York, 1948. v + 631 pp. 
em. $5.00. 

This well-known book was first published in 1933 and sub- 
sequently revised in 1938. For previous reviews, see J. CHEM. 
Epuc. 10, 515 (1933) and 16, 299 (1939). No change has been 
made from the original objective of preparing a book for ‘‘stu- 
dents . . . who would like to know more about the applications 
of chemistry to industry . . . teachers of chemistry in high school 
and college not sufficiently familiar with chemical industries to 
give accurate information about essentials . . . businessmen in- 
terested in a general survey.” In order to acquaint these stu- 
dents, teachers, and businessmen with the general basis of chem- 
ical industry the first 20 per cent of the book covers such subjects 
as the work of chemists and chemical engineers, chemical or- 
ganizations (professional, not industrial, types), literature sources, 
analytical control, chemical economics, unit operations and 
equipment, materials of construction, and units and calculations. 
Of necessity these broad fields must be condensed and gener- 
alized, but so many broad generalizations have come into the 
text that the reader may wonder, ‘‘Just what is this used for?” 
Thus, a chapter of generalizations on calculations mentioning 
weight and heat balances, film coefficients, plate efficiencies, and 
other complex unit operations calculations, without a single il- 
lustration, can hardly be of interest to the group for whom the 
book was written. 

The next 35 per cent of the book covers the usual inorganic 
industries including electrochemical and metallurgical industries. 
The final 45 per cent covers organic industries, as petroleum, 
oils and fats, carbohydrate and protein industries, rubber, coal 
products, drugs, dyes, plastics, explosives, and protective coat- 
ings. The chapter on drugs, dyes, and plastics consists mainly 
of structural formulas and uses of the compounds. The expand- 
ing synthetic rubber industry is accorded four pages with plastics. 
The book is marred by an occasional use of ‘‘it is said” regarding 
some product discussed. 

Nodoubt the many generalizations come from the broad cover- 
age provided by this book. This prevents it from being of much 
use to the student chemical engineer, who must turn to more 
specialized texts for his training. 

This book can be highly recommended to chemistry students 
and teachers of chemistry in high schools and colleges. No doubt 
chemistry instruction in high schools and colleges can be im- 
proved, and the students stimulated by an instructor who has 
not only read his text, but also increased his informational back- 
ground on a book such as this. 

KENNETH A. KOBE 


UNIVERSITY OF TEXAS 
AusTIN, TEXAS 
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Editors Outlook 


| of the serious problems which we will certainly 
have to face—and the sooner the better—is the 
attitude which we shall adopt to our vanquished 
enemies. There will be two sharply divergent views 
on this question. One will be the severe, hard-boiled 
one: Our enemies certainly brought this war upon us; 
let them bear the full responsibility for this, with such 
dire consequences that they will never again be strong 
enough to attempt aggression. The other view is the 
moderate one: Repression has never accomplished its 
objective. Our enemies are human beings like our- 
selves, with whom we shall have to live together in 
this world for a long time. Therefore, after setting 
conditions which will insure us against perfidy, let us 
admit them to a council of nations which will es- 
tablish universal peace by international agreement. 

Each of these views has much to commend it, and at 
the same time elements of weakness as a basis of foreign 
policy. Unfortunately, political questions—either for- 
eign or domestic—cannot be disposed of so categorically. 
And it is not the intention to debate the matter here, 
one way or the other. There is one aspect, however, 
which does concern us, as scientists and educators. 

Science has always been proud and happy about its 
essential neutrality in the clashes between individuals 
and nations. Even in the present crisis, which has torn 
the whole world apart, there is no reason to depart 
from this idea. Scientists are at each other’s throats, 
not because they are scientists, but because they are 
something else. Science itself lies too far below the 
surface to be ruffled by the storm. 

If there is ever again to be a basis for amicable asso- 
ciation of those who are now in opposite camps it will 
be found in the organized scientific groups. 


We laugh at the man who forgets his dinner because 
he is so intent upon the course of a chemical reaction 
in a flask, at the man who sacrifices his health in learn- 
ing what x-rays can do to the interior of the atom. 
But it is this personal detachment which is the strength 
of science. By their research, men’s eyes are opened 
to a world in which the bickerings of mere humans are 
of no*consequence. Educators criticize scientists for 
not making their science more human, for not directing 
their attention entirely to the everyday affairs of human 
life. It is a good thing we don’t; otherwise science 
would not only lose its strongest anchor but would 
forsake its true course. 

It is more than likely that one of our enemies, at 
least, will attempt to escape the full consequences of 
defeat by appealing to the traditional American gener- 
osity. Nazi ‘science’ will not be above trying to use 
international science for its own purposes. We shall 
have to beware of playing ‘“‘der gute Onkel”’ as we have 
in the past. 

To bring some of this very close to home, a certain 
amount of comment, if not criticism, has arisen because 
we have been giving space in THIS JOURNAL to the 
accomplishments of German chemists. Why not? 
Everyone knows that German chemists have been 
prominent contributors to the science and will very 
likely continue to be. If we did not recognize this we 
would be guilty of the same perversion of fact that we 
find so distasteful in our enemies. We propose to 
continue to give credit where it is due and not to rob 
anyone of his rightful and honorable place in the 
history of our science merely because he is a national of 
a country with which we happen to be at war or on 
bad diplomatic terms. 





Whats Been Geing On 


pita men on the West Coast are enthusiastic about 
the use of DDT for the protection of food crops, Dr. G. F. 
MacLeod, of the War Food Administration, told the DDT 
Producers Industry Advisory Committee recently. 

Back from a trip to that area, Dr. MacLeod describes his in- 
spection of large field experiment stations where DDT was being 
used for protecting crops of apples, onions, oranges, and grapes. 
The results, he said, would indicate a remarkably high degree 
of control over insects that normally cause extensive damage to 
the crops. 

But DDT, much publicized as a louse powder and fly spray, 
is not a universal insecticide, effective for all agricultural pur- 
poses, the U. §. Department of Agriculture has warned farmers. 

‘“‘We receive many requests for supplies of DDT, and for in- 
formation about it, particularly from insecticide dealers, farmers, 
and Victory gardeners,’’ Dr. P. N. Annand, Chief of the Bureau 
of Entomology and Plant Quarantine, said. ‘‘DDT is not now 
available for civilian use. While it appears to be very promising 
for future control of many insect pests, many of the experiments 
to test its effects on insects, plants, and higher animals are still 
in preliminary stages. Later tests may change the entire picture 
materially. Our entomologists have not had large enough 
supplies available to make large-scale tests. Consequently, we 
are not in a position at this time to recommend general use of 
DDT as an insecticide for agricultural purposes.”’ 

Tests for agricultural uses of DDT are being conducted in a 
number of laboratories by the Bureau of Entomology and Plant 
Quarantine with the small aniuuuts of DDT now available for 
experimental purposes. Preliminary tests to date tend to show 
that DDT is one of the most effective insecticides known against 
such harmful insects as the gypsy moth, which defoliates and 
kills trees in large areas in New England, against the codling 
moth, the chief orchard pest, and many others reported widely 
in the popular press and magazines. 

The Department of Agriculture entomologists say, however, 
that before DDT can be recommended to farmers for use against 
such insects, many more tests must be conducted along the 
following lines: 

1. To learn if DDT injures plants. For some plants, DDT 
has already been found harmful, though not for most. 


2. To learn if DDT as used against insects is dangerous to 
livestock, wild animals, birds, beneficial insects like the honeybee, 
and fish. Many useful insects die after coming in contact 
with DDT. Will it injure animals? 

3. To learn if DDT when eaten on vegetables or fruit, in 
small quantities, will accumulate in man, to the point of eventual 
serious poisoning. DDT crystals persist on sprayed walls, 
limbs of trees, and other surfaces for a long time; flies die on 
walls sprayed with DDT for three months after spraying. 

4. To learn what mixtures, spreaders, stickers, and diluent 
agents are best for DDT, or what combination with other in- 
secticides is even more toxic; and to learn what formulas can 
be presented for the most effective combinations using DDT 
against various pests on different crops. 

5. To learn what quantity of the desired mixture or emulsion 
is required to control effectually various pests at the lowest cost, 
and to control such pests under different conditions. 

6. To learn how DDT is best applied and best prepared for 
different types of applications, such as with ground spray ma- 
chines, in aerosol smokes, in sprays in the home, in dust form, 
and in other special applications. 

7. To learn if production of each of the combinations is 
practicable for sale at a reasonable price in relation to other 
insecticides which are fairly satisfactory. ’ 

8. To determine the relative efficiency of DDT compared 
with other insecticides for each insect. 

Results of such tests to determine the true value of DDT for 
the control of certain insects will be made known from time to 
time and will be the basis for whatever recommendations are 
made by the entomologists. 

It is interesting to note that DDT was synthesized in 1874 
by a young German chemistry student, one Othmar Zeidler, in 
Strasbourg. His formula was a routine accomplishment in 
connection with a thesis he was preparing. He regarded it 
merely as a casual test tube evolution of no particular significance 
and recorded it in a brief six lines of notations in the Proceedings 
of the German Chemical Society. Zeidler had no idea of the 
insecticidal values inherent in the formula and his name, like 
the formula, has remained until now in obscurity. It remained 
for others to discover the use of DDT as an insecticide. 
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PRELIMINARY ANNOUNCEMENT 
SYMPOSIUM ON PREMEDICAL EDUCATION, A.A.A.S. MEETING, CLEVELAND, OHIO 


Alpha Epsilon Delta, national honorary premedical fraternity, is arranging a special 
program on Premedical Education to be held on Thursday, September 14, during the 
A.A.A.S. meeting in Cleveland. The influence of the war and the accelerated training 
program upon postwar plans for premedical education will be among the major topics 
for discussion. 

Dr. Victor Johnson, Secretary, the Council on Medical Education and Hospital of 
the American Medical Association, Dr. Carlos Reed, professor of physiology, University 
of Illinois, and Dr. H. E. Setterfield, premedical adviser, School of Medicine, Ohio State 
University, and president of Alpha Epsilon Delta, will be among the distinguished 
An informal round-table discussion of problems and questions from the 
audience will follow the talks. All premedical teachers, especially those in colleges 
not associated with medical schools, are urged to attend. It is hoped that many 
teachers in nonscience fields will attend also. Final announcement of the time and 
place will appear in the program of the meeting. 
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Enrigue Herrero Ducloux 


VICTOR ARREGUINE 


University of Cordoba, Cordoba, R. A. 
(Edited by Ralph E, Oesper, University of Cincinnati) 


Pe NaiQue Herrero Ducloux, one of the outstanding 
chemists of the Argentine Republic, was born 
at Navarra, Spain, in 1877. At the age of five he was 
brought to his adopted country, where he has done all 
of his work as a chemist and teacher. He may be con- 
sidered as a model of a self-made man; he began as a 
simple school teacher and by dint of his efforts and 
abilities rose to his present eminent position. 

His teaching career has extended over more than 

50 years; primary, secondary, and university in- 
struction in turn have occupied his exceptional talents. 
His life has been devoted primarily to the development 
of men of science, and the professional successes of his 
students are convincing evidence of his pedagogic 
skill. ‘ 
He was the first recipient of the degree of ‘‘Doctor 
of Chemistry’’ conferred by an Argentine university. 
He has taught at various colleges, and at the univer- 
sities of La Plata and Buenos Aires. As dean, at La 
Plata, he organized the first faculty of chemistry and 
pharmacy in the Argentine. 

Herrero Ducloux has published more than 200 papers. 
In chemistry the main classifications are: analytical, 
mineralogical, agricultural, vegetable. Hydrology has 
also occupied his serious attention. He has carefully 
studied the composition of the mineral waters of the 
entire country, the coastal oceanic waters, and the 
thermal sources of the hot springs. Especially im- 
portant are his more than 20 papers on meteorites. 
He has isolated the active principles of such indigenous 
plants as Ximenia americana, Iodina rombifolia, Lippia 
hastulata, Gymnocalycium gibbosum, Trichocereus, etc. 
His publications in agricultural chemistry include im- 
portant papers on the chlorophyllic function, the 


nitrogen cycle in plants, etc. Among his books are 
“‘Disertaciones Quimicas”’ and ‘‘Les Estudios Quimicos 
en la Republica Argentina.” 

In addition to his accomplishments 
laboratory worker, and administrator, Herrero Ducloux 
has to his credit philosophical publications on a wide 
variety of topics. These exhibit the extraordinary 
width and depth of his culture and experience. An 
excellent example of his brilliant lectures is ‘‘A drop 
of water’; among his admirable biographical studies 
those of Joaquin Gonzalez and Pedro Arata! are worthy 
of special mention. He has published a remarkable 
trilogy of books: ‘‘Traumer’s Visions,* ‘‘The Alchemy 
of a Thousand and One Nights,” ‘‘Professor Skruppel- 
mann’s Opinions.’’ His most recent volume in this 
same style, leading to serious thought on important 
problems, is ‘‘Job’s Friend.” 

His recognized integrity and ability have gained 
for him the complete confidence of the government; 
he has become ‘‘The Illustrious Counselor of the 
State.” At various times he has been technical 
adviser to the general staff of the army, also to the 
Ministry of the Treasury; he has served as a member of 
the national councils on climatology, mineral springs, 
unhealthful industries, etc. 

Distinctions have come to him in deserved abun- 
dance: honorary doctorates [San Marcos (Lima, Peru), 
La Plata, Buenos Aires]; membership in numerous 
academies of science (Cordoba, La Plata, Madrid, 
Toulouse, Barcelona, National Academy of the Ar- 
gentine); honorary membership in scientific societies 
(Mexican, Argentine, Brazilian, etc.). 


as. teacher, 


1 Cf. ARREGUINE, THIS JOURNAL, 20, 475 (1943). 


IT GOES FOR CHEMISTS, TOO! 


We all know that the number of years a man has lived is no adequate index of his 
age. There are some who are antediluvian mummies at 30, and others who are vital 


factors in the life of their communities at 90. 


So long as a man is doing something 


worth while and means something to the world he is young... . 

If you have lost interest in medical society meetings; if you ‘‘cannot find time” 
to read one or two medical journals (at least); if the last book in your library is 10 years 
old, or the later ones haven’t been studied; if ‘‘what you learned in medical college is 
good enough for you”’; if “‘all these new-fangled notions are damned foolishness,”’ 


you are growing old, as a doctor. . . 
gery 


.—Dr. George B. Lake in Clinical Medicine and Sur- 
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On Unimolecular Reactions 


GEORGE ANTONOFF 
Fordham University, New York City 


HERE is no clarity in the chapters on unimolecular 

reactions in textbooks of physical chemistry and 
this can be traced to the time when physical chemistry 
began its existence as a separate science. 

If one takes, for example, the textbook of Nernst,! 
in one of the earlier editions one finds unimolecular re- 
actions defined as those in which as a result of a reac- 
tion ‘‘only one category of molecules undergoes a sub- 
stantial change in concentration.” 

According to this definition a reaction 


2A =B 


should be regarded as unimolecular, and yet it is a di- 
molecular reaction. Besides, in a unimolecular reac- 
tion the concentration of the product or products under- 
goes a change in concentration. Thus his definition 
shows itself utterly unsatisfactory. According to some 
present-day textbooks a reaction is unimolecular if 
“one molecule reacts at a time.”’ If one has only a few 
molecules in a system one can well imagine a case in 
which one molecule will react at a time. But if we 
have, say, 6.06 X 10° molecules in a system, it is ob- 
vious that a great many of them will react at any given 
moment. Thus, if we have a reaction of the type 


A=B8B 
A=B+C 


it will be a unimolecular reaction irrespective of whether 
only one molecule reacts at a time or millions of them. 
The essential point is that there should be only one 
molecule on the right-hand side of the equation. 

Such a definition is quite satisfactory, but it may be 
not the only one possible. For example, one can say 
that a unimolecular reaction is one in which the trans- 
formation takes place within each reacting molecule. 
Thus the reaction ought not to be influenced by other 
molecules and should be independent of concentration. 

This subject has been clarified by the late Lord Ruth- 
erford. Of course, he was not a chemist and would 
never have tackled this problem as such. But the 
object of his interest was radioactive transformations, 
which follow the type of unimolecular reactions, and 
thus his work indirectly is a substantial contribution 
to chemical kinetics. The radioactive transformations 
are independent of concentration and the atom reacts 
without being influenced by the neighboring atoms. 
Rutherford expressed the velocity of these transforma- 
tions by the equation 


DN, 
— <7 =KN (1) 


1 Theoretische Chemie, Verlag von Ferdinand Enke, Stuttgart, 
1921, p. 631. 


where JN is the number of atoms present at a given time 
and K is a constant. It stands to reason that the ve- 
locity of the reaction will be the same irrespective of 
the volume in which the NV molecules are concentrated. 
A unimolecular chemical reaction differs from a radio- 
active reaction in that the molecules rather than the 
atomsreact, but it follows the same laws and therefore its 
velocity must be independent of concentration. The 
present-day theories, however, attribute certain effects 
to collisions between the molecules, so that the chemical 
reactions, or some of them, may not be unimolecular in 
a strict sense of the word, but they will be considered 
as such if they take place according to equation (1). 
The present-day textbooks express the velocity of uni- 
molecular reactions in terms of concentration 


dC : 
“— o KC (2) 


It follows from the above that the use of the equation 
(2) is not altogether justifiable, especially because it 
conveys the idea that the velocity of a reaction will be 
different in different dilutions. Thus in principle the 
use of equation (2) is not justified, because it intro- 
duces an unnecessary parameter, restricting the num- 
ber of molecules to a given volume. However, in the 
practical sense it is harmless, because 


N 
Vv = C 


where C is the concentration and V is the volume. 
The equation (2) can be expressed as 
dN _KN 


Vai ave 


where the unnecessary parameter V cancels, and equa- 
tion (2) shows itself identical with (1). 
Both lead to the result that the reaction rate K and 
the half period f:,, are connected by the equation 
a In 2 


hi/, 


and are therefore independent of concentration. 


CONCLUSION 


Thus, a unimolecular reaction is one in which the ve- 
locity of the reaction is proportional to the number of 
molecules of the reactant (there is only one reactant) ir- 
respective of dilution. The molecules do not react 
with one another and the change takes place within 
each reacting molecule. 

This is tantamount to the statement that in a uni- 
molecular reaction there must be only one molecule at 
the left-hand side of the equation. 
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The Electromagnetic Spectrum 
as an Analytical Tool 


DAVID M. GANS 


Interchemical Corporation, New York City 


T is frequently essential in the course of a research 

investigation to obtain information about a sub- 
stance which the methods of chemical analysis cannot 
provide. Such information may be the identification 
of a trace of some element; the determination of the 
crystal structure of a chemical compound; or the re- 
wording of some attribute of a sample, such as its color. 
These properties can be determined by physical meas- 
urements, for which a variety of complicated instru- 
ments has been devised. While each of these instru- 
nents has a highly specialized use, there is one function 
wonnecting all of them: they deal with the electro- 
magnetic spectrum. 

It is a common experience to find that objects in a 

room will vibrate when sound waves of certain fre- 
quencies, as from a piano, strike them. In an analo- 
gous manner, the physicist exposes an unknown sub- 
stance to vibrations in the electromagnetic scale or 
spectrum and observes the responses of its atoms and 
Gmolecules. Alternatively, the atoms and molecules 
may be induced to emit radiation, and from the de- 
Jtermination of the points in the electromagnetic spec- 
¥ttum where the radliation falls, it is possible to identify 
elements or to establish chemical structure. 
1 To lend direction to our discussion, let us start with 
athe infrared and travel up the electromagnetic spec- 
tum, stopping along the way to introduce examples 
and to describe some of the instruments with which 
research laboratories obtain the illustrative data. 

An electric charge under displacement creates a dis- 
turbance in which there is both an electric component 
and a magnetic component. This disturbance forms 
a wavelike electromagnetic vibration. The whole 
gamut of such vibrations, arranged in the order of their 
iscillation frequency, constitutes the electromagnetic 
spectrum. 

Part of the electromagnetic spectrum is very familiar 
to us because it forms what our eyes recognize as visible 
ight. In one respect this visible spectrum is more 
lestricted in scope than its audible analog. While the 
piano covers seven octaves and the entire audible scale 
includes a range of about nine octaves, the visible 
spectrum is only one octave broad. But electro- 
magnetic vibrations, like vibrations in the air, extend 
beyond the range in which they are detected by human 
sensory organs. However, not all of the electro- 
magnetic scale, from the extremely high-frequency 
tadiation associated with transformations inside the 
tuclei of atoms to the longest, low frequency radio 
waves, is useful in chemical industry. The portion 
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FIGURE 1.—A PORTION OF THE ELECTROMAGNETIC SPECTRUM 
ARRANGED IN OCTAVES 

In this diagram, the diagonally shaded regions show the range 
of the data obtainable with each of the instruments listed. 
The dotted regions give the wave-length range of the radiation 
employed to obtain these data, as discussed in the text. For 
the spectrographs and the spectrophotometer, the range of the 
data and of the radiation employed may be considered the same. 
For x-ray diffraction, the source is monochromatic and its 
wave length is in the range of the x-ray distances spanned by 
data. With the electron microscope, the equivalent wave length 
of the electron beam used falls outside of the theoretical range 
of distances explorable with the instrument. 

In the comparative scales at the top of the diagram, the 
scale marked O shows the electromagnetic spectrum in octaves, 
starting with the visible as the middle octave; the scale marked 
mm gives wave length and distances in millimeters; that marked 
“, in microns; and that marked A, in angstr6ém units. 

The equipment represented here, from -top to bottom, is: 
rock-salt prism spectrograph; Bausch and Lomb Littrow Quartz 
Spectrograph; Beckman Quartz Spectrophotometer; General 
Electric Recording Spectrophotometer; light microscope; 
R.C.A. Electron Microscope; General Electric X-Ray Diffrac- 
tion Unit. Equivalent instruments by other manufacturers are 
in most instances available. 
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which is most useful in this respect extends from the 
infrared, seven octaves below the visible region, through 
the visible and the ultraviolet, into the x-ray region, 
14 octaves above the visible, as depicted in Figure 1. 
In comparison with the piano scale of about seven 
octaves, this range, therefore, represents a spectral 
expanse of over 21 octaves, an exploratory range equiva- 
lent to a row of three consecutively tuned pianos. 


RESPONSES OF ATOMS AND MOLECULES 


Why should matter respond to electromagnetic 
radiation? The answer is that matter is electro- 
magnetic in nature. If we exclude such esoteric 
phenomena as gravitation and nuclear disintegration, 
an atom of matter can communicate with the outside 
world only through electromagnetic radiation. Each 
atom is actually both a sending and a receiving set for 
these waves. The wave lengths at which it is able 
to broadcast and receive depend upon its chemical 
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nature. Generally speaking, matter is always ready 
to receive or absorb passing radiation whose frequency 
coincides with the characteristic frequencies of the 
atoms and atom groups of which it is composed, and 
it can be induced to emit the same characteristic radia- 
tions if supplied with the necessary energy. The 
frequencies shown in the reception spectrum and the 
broadcast spectrum can thus be used to identify atomic 
species in the molecules constituting the sample as well 
as the groups of atoms in it that may collectively be 
capable of acting as units in the emission or absorption 
of radiation. 

Each atom of matter consists of an electrically 
charged nucleus, in which the mass of the atom resides, 
and of an electrically compensating swarm of surround- 
ing electrons. When two atoms unite chemically, 
an inter-penetration and redistribution of the electron 
swarms about the two atoms take place. Under suit- 
able conditions electromagnetic responses may, there- 
fore, be expected, not only from the electron swarm 
about a single atom but also from the redistributed 
electron cloud that constitutes a chemical bond. 

The chemical bond may be represented by the time- 
honored physical analog of a coil spring. A complex 
organic molecule would thereby be equivalent to a 
group of correctly weighted balls connected to each 
other by springs of the proper elasticity. A hydrogen 
atom would be connected to a carbon atom by a single 
spring. A saturated carbon atom would be joined to 
four other atoms such as carbon, hydrogen, nitrogen, 
oxygen, or sulfur by four such springs. This wobbly 
model of a molecule, when suspended in space, would 


FIGURE 2.—A DIAGRAM OF AN INFRARED SPECTROGRAPH 


JouURNAL OF CHEMICAL EpucaTION 


oscillate like an itching octopus in an animated cartoon. 
The extent of the distortion in each of the bonds would 
depend upon the vigor with which the system was being 
excited. Yet the bond fixing a hydrogen atom to a 
carbon atom, for example, is not capable of twistings 
and stretchings at all conceivable frequencies, but, like 
a violin string, emits or sympathetically absorbs only 
radiation of a characteristic frequency and of such 
overtones as may be associated with the system. 

The complex organic molecule is therefore much like 
a choir in which the presence of various individuals 
(here carbon-to-hydrogen, carbon-to-carbon, and car- 
bon-to-oxygen bonds) is revealed by the detection of 
their voices in the group. The carbon-to-hydrogen 
bond, for example, sings at a wave length of 3 microns 
(0.003 millimeter), the carbon-to-carbon bond, such as 
is present in saturated hydrocarbons, vocalizes at a 
wave length of 10 microns, and the unsaturated ethyl- 
ene type of bond emits at 6 microns. If a sample is 
shown to absorb at these three wave lengths, it may 
be deduced that its molecules contain these three types 
of linkage. Such information is invaluable in organic 
chemical research. 

It happens that the energy necessary to modify the 
twistings and stretchings of the inter-atomic bonds, 
when translated into electromagnetic radiation, is of 
such magnitude as to show up in the near infrared por- 
tion of the spectrum, which includes the wave lengths 
3, 6, and 10 microns mentioned above. The infrared 
portion of the spectrum, which does not affect the 
human eye as light, corresponds to the piano bass. 
Beyond the infrared, at even longer wave lengths (or 
lower frequencies) lie the radio waves, but these fall 
outside the present discussion since they have as yet 
had no extensive application in the field of chemical 
analysis. 


INFRARED SPECTROSCOPY 


Let us first consider the infrared, where, broadly 
speaking, information concerning chemical bonds is 
obtainable, because that is where, in the nature of 
things, the characteristic frequencies associated with 
these chemical bonds happen to fall. To acquire this 
knowledge, an instrument capable of analyzing in- 
frared radiation is required. A small number of such 
instruments are currently in use in industrial research 
laboratories (1), primarily in those of the petroleum 
companies. Each of these instruments employs a large 
triangular prism of rock salt as the means for breaking 
the radiation into its prismatic components. Rock salt, 
chemically identical with table salt, is chosen for the 
prism because it is transparent to infrared radiation 
in the range under investigation. The instrument is 
therefore called a rock salt prism spectrograph. For 
special purposes prisms of material other than rock 
salt are sometimes employed. 

Details of the construction of one spectrograph are 
shown schematically in Figure 2. Infrared radiation 


from source A, such as an electrically heated element, 
falls upon a slit, B. The radiation contains energy 
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of all wave lengths. The portion passing through slit 
B is focused by a parabolic mirror, C, on the rock salt 
prism D (5 inches on a side and 3 inches high), through 
which it passes, and is reflected back in its tracks by flat 
mirror E, thereby utilizing the prism twice and doubling 
its ability to spread the original radiation into its spec- 
tral components. The returning radiation is refocused 
by mirror C upon the small flat mirror F which deflects 
it at right angles to its original path through the second 
slit G onto the elliptical mirror H. This mirror con- 
centrates the energy upon a very sensitive, specially 
constructed thermocouple, J. The heat effect oc- 
casioned by the absorption of the radiant energy by the 
thermocouple, which is sometimes as little as one hun- 
dred-thousandth of a degree, is converted into an elec- 
trical current that is electronically amplified and re- 
corded automatically on a sheet of paper. The re- 
cording mechanism is sensitive to thermocouple cur- 
rents of a small fraction of one-millionth of a volt. 

Only a narrow band of radiation passes through the 
second slit G, and the wave length of this narrow band 
which so passes is varied by rotating the mirror E, 
placed behind the prism D. As the mirror is rotated, 
the infrared spectrum sweeps over slit G and the radia- 
tion which slips through the slit activates the recording 
mechanism in proportion to the intensity of the radia- 
tion of that wave length. If, now, a sample such as an 
organic liquid is interposed between the source A and 
the slit B, the sample depletes the initial radiation of 
those components corresponding to the characteristic 
frequencies of the molecules composing the sample. 
Less radiation of that wave length will therefore strike 
slit G as the spectrum sweeps over it and the depletion 
is thus revealed as a drop in the curve traced by the re- 
cording mechanism. 

A typical tracing obtained with an infrared spectro- 
graph is shown in Figure 3. The two dips at 2.9 and 3.0 
microns for aniline arise from the two N—H bonds of 
this compound. The dip at 3.0 microns for di-n-propyl- 
amine originates in the single N—H bond of this amine. 
Primary and secondary amines may thus be differen- 
tiated. 


VISIBLE AND ULTRAVIOLET SPECTROSCOPY 


We have seen that the infrared spectrograph un- 
covers information concerning the contractual relation- 
ship, so to speak, of the atoms that form a chemical 
partnership. What about the atoms as individuals? 
They may be identified by inducing them to talk. The 
third degree is applied electronically by placing them 
between the electrodes of an arc or spark. The elec- 
trons in the are or spark then impinge on the electron 
swarms around the atomic nuclei and impart additional 
energy to them. The atoms release this additional 
energy by radiating at their often numerous character- 
istic frequencies. 

It takes a more powerful punch to affect the electron 
swarm of an atom than it does to distort the bond be- 
tween two atoms. As a result, the atomic radiation 
comes higher in energy along the electromagnetic spec- 
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FIGURE 3.—TyYPICAL TRACINGS OBTAINED WITH AN INFRARED 
SPECTROGRAPH (AFTER BARNES, LIDDEL, AND WILLIAMS [1]}) 


trum than the infrared radiation associated with bonds. 
The atomic radiation appears in the visible and ultra- 
violet and is experimentally detected in the region be- 
tween 200 and 700 millimicrons (0.2 and 0.7 microns). 
A prism spectrograph designed for this general purpose 
must therefore employ a prism that is quite transpar- 
ent in this region. Crystal quartz is ideal for this 
purpose. 

One quartz spectrograph of this type as shown in 
Figures 4 and 5 consists primarily of a set of electrodes, 
A, between which the sample, which may be quite 
minute, is energized; a slit, B, through which the re- 
sulting radiation is passed; a small quartz prism, C, 
that acts as a mirror to divert the beam of radiation 
through a right angle; a quartz lens, D; a quartz half- 
prism, /, which the light traverses twice since its back 
is silvered to reflect the beam and spread it into its 
spectral components; and a photographic plate, F, on 





FiGuRE 4.—THE BAUSCH AND LOMB LARGE LITTROW QUARTZ 
SPECTROGRAPH 
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which the spectrum is recorded. The distance from 
E to F is about five feet. 


A ! 


e 
FIGURE 5.—DIAGRAM OF A QUARTZ SPECTROGRAPH 


Each atomic species will register its own character- 
istic spectrum on the photographic plate. While all 
atoms may be induced to talk by similar electrical 
methods, the language of one atomic species is entirely 
different from that of any other. The languages of 
some atoms, such as sodium and magnesium, consist 
of relatively few words or spectral lines, while the lan- 
guages of others like iron and chromium have rich vocab- 
ularies. It isa simple matter to determine the wave 


length of a few of these spectral lines and, from existing 
tables, to ascertain the corresponding chemical element. 
The relative intensity of its lines also gives a very 
sensitive method for determining the amount of the 
element present, particularly when minute traces, often 
difficult to assay otherwise, are involved (2). 





FIGURE 6.—ULTRAVIOLET SPECTROGRAMS 

A portion of a spectrogram in the neighborhood of 3100 
angstrém units. Spectrum A is from commercially pure titanium 
dioxide of pigment grade. Spectrum B is from a similar titanium 
dioxide previously treated with alumina to produce certain de- 
sirable pigment properties. Spectrum C is for aluminum. A 
comparison of A, B, and C shows that nearly all of the lines in B 
which do not appear in A are those of aluminum. The existence 
of a trace of aluminum is thus established. Comparison of B 
with spectra from samples of pure titanium dioxide containing 
known added amounts of aluminum would show that B represents 
a content of 1 per cent of aluminum. Spectrum D is that of the 
iron arc which is used as a wave-length standard. 


The spectrogram of Figure 6 is an illustration of the 
application of spectrographic analysis of industrial 
importance. 
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FIGURE 7.—ABSORPTION CURVES OBTAINED WITH THE BECKMAN 
SPECTROPHOTOMETER (4) 

Curves A and B are both for linoleic acid, but the two double 
bonds of the unsaturated acid for B are separated by several 
carbon atoms in the carbon chain of the fatty acid; A is the curve 
for the isomer of this acid in which the two double bonds are 
conjugated, that is, on adjoining carbon atoms. The spectro- 
photometer is thus useful in conjugation studies directed toward 
investigating and improving drying oils. 


VISIBLE AND ULTRAVIOLET ABSORPTION SPECTROPHO- 
TOMETRY 


The quartz spectrograph just described is not re- 
restricted to the analysis of emission spectra from 
samples placed in an are or spark. This spectrograph 
may also be employed, with the addition of suitable ac- 
cessories, in the study of absorption spectra, which is 
accomplished by erecting a source of radiation at A of 
Figure 5 and interposing the sample to be examined 
between the source A and the slit B, as was done in the 
case of the infrared spectrograph of Figure 2. The 
sample may be a colored plastic, or perhaps a solution 
or an organic liquid in a quartz cell. From the photo- 
graphic record, curves like those of Figure 3 may then 
be drawn. 

A small instrument designed specifically for this type 
of work is the Beckman Spectrophotometer. The con- 
struction of this instrument is a variation of the de- 
sign shown in Figure 5. In place of a photographic 
plate, it utilizes a photo-electric cell. The instrument 
yields point readings, which are then plotted in sequence 
to give the ultraviolet absorption curve. The quartz 
prism and photocells with which the instrument is 
equipped give it a spectral working range from 0.2 
micron to 1.2 microns, so that it supplements the in- 
frared spectrograph (3). 

Ultraviolet absorption spectra are useful in the study 
of certain problems in the chemical structure of ut- 
saturated organic compounds; an example is given in 
Figure 7. Peculiarities in their visible and ultraviolet 
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absorption spectra may also be employed to identify 
dyes. In arialytical chemistry, compounds may be 
assayed through the intensity of their characteristic 
absorption or that of suitable chemical derivatives. 


REFLECTANCE SPECTROPHOTOMETRY 


Chemical constitution is not the only type of informa- 
tion that is of interest in the portion of the electro- 
magnetic spectrum already covered, or that can be 
supplied by instruments designed to analyze the 
radiation from a specimen. The visible spectral range 
between 400 and 700 millimicrons is of particularly 
great importance from another standpoint, that of 
color and its measurement. While some pertinent data 
in this range are obtainable with the two instruments 
already described, another instrument has been spe- 
cially designed (5) to serve these needs. Fhis spectro- 
photometer, whose external appearance is shown in 
Figure 8, is represented in a highly simplified schematic 
version in Figure 9. 

Light from an incandescent lamp at A is spread into 
its component colors by the succession of lenses and 
prisms shown. From the spectrum which is thus 
formed, a slit at B selects one practically single-colored 





band of light at a time. On passing through a com- 
plicated optical assembly between B and C, this light 
is split into two equally intense beams. Each of these 
beams is not constant in brightness, but is instead 
made to fluctuate very rapidly from zero to the maxi- 
mum value. The fluctuations are so timed, however, 
that when one beam is at zero brightness, the other is 
at the maximum. Now, if they were both directed to 
fall on one spot, their fluctuations would so interlace 
that no flicker would show on this spot. However, 
they enter the integrating sphere D as two separate 
beams. One of these beams falls upon a standard 
white surface at E and the other upon the sample to 
be measured at F. When the sample at F is as white 
as the standard at E, there is no flicker in the light 
which the white walls of the integrating sphere pick 
up from E and F. Of course, samples are generally 
not white, which is the same as saying that they absorb 
light in some if not all parts of the visible spectrum. 
Such a sample at F reflects less light into the integrat- 
ing sphere at those wave lengths where absorption 
occurs than the standard at E£, and a flicker conse- 
quently arises in the sphere. 

The photocell G, which peeks into the integrating 








sphere, detects this periodic variation and, through 
the proper optical arrangements based on polarized 
light and electronic devices, acts to diminish the in- 
tensity of the beam which strikes the white standard 
until the flicker is ironed out. The amount by which 
the intensity of the standard beam is thus diminished 
is translated mechanically by the instrument into the 
telative percentage reflectance of the sample for this 
monochromatic light, which value is recorded by suit- 
able means on a rotating drum. By passing the entire 
Spectrum, as if in review, into B, a curve is obtained 
on the paper of this drum that shows the percentage 











FIGURE 8.—THE GENERAL ELECTRIC RECORDING 
SPECTROPHOTOMETER 


of light which the sample reflects at all wave lengths in 
the visible range. 

One type of data obtained with the spectrophoto- 
meter is shown in Figure 10. These curves are per- 
manent records of the color—often itself all too imper- 
manent—of the corresponding specimens and are con- 
sequently better color standards than are color chips. 
Peculiarities in curve shape frequently serve to identify 
the pigment or pigment mixture in a surface. Because 
of such circumstances, the spectrophotometer is indis- 
pensable in camouflage studies, for which purpose the 
range of the instrument must indeed be extended beyond 
the visible to about 900 millimicrons in the infrared be- 
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FIGURE 9.—DIAGRAM OF THE RECORDING SPECTROPHOTOMETER 


cause the photographic plates which are used to detect 
camouflage by aerial reconnaissance are sensitive there. 

By placing white surfaces at both E and F of Figure 9 
and by interposing a colored transparent sample in the 
lower of the two beams at C it is obvious that the 
spectrophotometer may be converted into an instru- 
ment for transmittance measurements, similar in pur- 
pose to the Beckman Spectrophotometer. While these 
instruments overlap in range, the General Electric 
Spectrophotometer gives much more accurate data in 
the region where it can be used. 
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MICROSCOPY 


There is one means of observation, often overlooked 
because it is so commonplace, which is of prime im- 
portance in scientific work. This, is, of course, the 
humaneye. What the sense of sight reveals, thte chem- 
ist accepts and records. Only occasionally is the sense 
of smell so honored, less frequently the taste, and rarely 
the hearing. 

However, the unaided eye is unable to discern 
sharply details smaller than several thousandths of an 
inch, or about 50 microns. Here the ordinary micro- 
scope extends the range down to a fraction of a micron. 
Using ultraviolet light, an experienced microscopist can 
separate photographically two particles spaced 0.1 
micron apart. Each .photograph may, of course, be 
subsequently enlarged to mural dimensions, but no ad- 
ditional detail is revealed thereby, for the limit of the 
microscope has already been reached in the original 
photograph. 

The microscope (6) is the most familiar of the equip- 
ment considered here. Yet it is not as widespread in 
use as it merits, for it should approach the analytical 
balance in distribution and application. However, 
beneficial as it is to the amateur, only the trained and 
experienced microscopist can extract with it the maxi- 
mum information. 
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ELECTRON MICROSCOPY 


Knowledge concerning minute sizes and shapes may 
be obtained in much greater detail with the electron 
microscope than with the ordinary light microscope. 
In fact, where the ordinary white light microscope can 
barely distinguish, as separate, two particles which are 
0.2 micron apart, the electron microscope will, under 
ideal conditions, distinguish . between two particles 
which are as little as 0.002 micron apart. As a con- 
sequence, much greater wealth of information is re- 
vealed by the electron microscope (7, 8,9). Its present 


resolution limit of approximately 0.001 micron or 10 





Ficure 11.—R. C. A. ELECTRON MICROSCOPE 
The instrument illustrated is equipped for both electron micros- 
copy and electron diffraction experiments. The same sample 
when properly mounted may be subjected to both types of ex- 


amination. 


angstrém units in theory and about 40 angstrém units 
in practice is already in the domain of molecular di- 
mensions, and it is therefore capable of perceiving large 
molecules. 

The electron microscope, pictured in Figure 11, is 
analogous in structure to the ordinary light micto- 
scope. The former uses magnetic lenses and beams oi 
electrons where the latter employs optical lenses and 
beams of light. In the theoretical treatment of the 
operation of the electron microscope the electron beam 
is considered a stream of waves rather than of particles. 
Physicists have discovered that electrons, cosmic rays, 
gamma rays, light, and so forth, carry on a Dr. Jekyll 
and Mr. Hyde existence—they behave both as waves 
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and as particles. This is an experimental observation 
that may be explained theoretically on the basis of their 
wave nature and, alternatively, from the particle stand- 
int. 

The electrons which form the beam, accelerated by 
potentials between 30,000 and 60,000 volts, have equiv- 
alent wave lengths of 0.07 .to 0.05 angstrém units, re- 
spectively. Ordinary light comes in waves 100,000 
times as long. As probes for picking out the finest de- 
tail in a subject, the electron waves act like the sharpest 
needles compared to the blunt crowbars of ordinary 
light, 100,000 times as thick. It is no wonder, then, 
that the electron microscope reveals so much greater 
detail than the ordinary light microscope. 


b 


FicurE 12.—ELecTtroN MIcroGRAPH OF TITANIUM DIOXIDE 
* DISPERSION 
The sample used here is the same as A of Figures 6, 10, and 14. 
The unit of length shown in the lower left-hand corner is one 
micron, 


Matter absorbs the electrons of the beam so readily 
that the specimens for electron microscopy must be 
extremely thin. The open areas in the specimen then 
permit passage of the beam and the result on the photo- 
graphic plate which records the image is a shadowgraph 
of the specimen, enormously enlarged in all its detail. 
Such a shadowgraph is shown in Figure 12. 

One of the advantages which the electron microscope 
offers is its relatively great depth of focus. Pictures 
taken with the ordinary light microscope are often sharp 
only for the middle stratum of the sample but fuzzy 
above and below this layer. The electron microscope, 
on the other hand, shows images in sharp focus through- 
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out a much greater depth, which greatly increases its 
usefulness. 


X-RAY DIFFRACTION 


The microscopes give the size and shape of a particle; 
the spectrophotometers diagnose its dermatological 
aspects; and the spectrographs delve into its internal 
constitution. 

An instrument which gets into the vitals of a speci- 
mnen is the x-ray diffraction apparatus, which, however, 
In 


supplies data from a widely different viewpoint. 











Ficure 13.—TuHe GENERAL ELectric X-RAY DIFFRACTION UNIT 


energy, x-rays come very high in our electromagnetic 
spectrum. They are produced in the x-ray tube by 
electrons which are drawn out of a hot filament by 
accelerating potentials of many thousands of volts. 
These electrons plunge into the metal target of the x-ray 
tube, which they convert into a source of x-rays, a 
dozen octaves in energy above that of ordinary light. 
Each element has its own characteristic x-ray spectrum. 
When the target of the tube is copper, it becomes a 
source of x-rays of wave length 1.5 angstrém units 
(0.15 millimicron or 0.00015 micron) which is about 
one three-thousandth the wave length of blue light. 
When such a source of x-rays A of Figure 15 irradiates 
a sample, B, the sample scatters the x-rays which then 
affect the surrounding photographic film C. If the 
sample is truly amorphous, the x-rays are scattered 
without appreciable concentration in any one direction. 
But this is not true if even the minutest crystals exist 
in the sample. In crystalline matter the constituent 
atoms or atom groups occupy regular geometric posi- 
tions in space, which are uniformly repeated through- 
out the crystal. Just as a large group of men con- 
ducting synchronized calisthenic exercises in the two- 
dimensional space of a field seems to fall into rows when 
viewed from various directions, so the units in the three- 
dimensional space of a crystal form planes. As a 
result, each crystal is equivalent, from a number of 
directions, to a bundle of flat mirrors. The spacings 
between these planes differ from one crystalline com- 














428 


pound to another and determine the direction and in- 
tensity of their x-ray reflections—more accurately 
diffractions. A comparison of the diffraction pattern 
obtained with a collection of patterns from known 
crystal species often permits identification of the sample 
(10). In more unusual cases, a mathematical analysis 





FIGURE 14.—COMPARATIVE X-RAY DIFFRACTION 
PATTERNS OF TITANIUM DIOXIDE SAMPLES 


of the pattern to be expected from an assumed crystal 
structure, as compared with the pattern actually ob- 
tained, throws light on the internal structure of the 
unknown material (11). 

An x-ray diffraction unit is shown in Figure 13. 
Typical radiograms obtained with it are reproduced 
in Figure 14. 

ELECTRON DIFFRACTION 

An electron beam, as well as an x-ray beam, can be 
used to study the structure of matter (12). To exploit 
this possibility, the R. C. A. engineers (13) have 
modified their commercial electron microscope to make 
it applicable also to electron diffraction. While x-rays 
can penetrate a sample of even considerable thickness, 





FIGURE 15.—X-RAY DIFFRACTION UNIT DIAGRAM 


only the thinnest films are transparent to electrons. 
As a result electron diffraction is useful primarily to 
study surface layers only and the sample must either 
be prepared as a very thin film or, if bulky, must be so 
disposed that the electron beam strikes it at a glancing 
angle, from which the diffracted beam is focused on the 
photographic plate that permanently records the dif- 
fraction pattern. 

It is perhaps fortunate that the electron beam is 
such a sensitive probe for surfaces only, since it thereby 
becomes a fountain for information which could not 
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Rutile Coated with Alumina 


FIGURE 16.—ELECTRON 


otherwise be obtained. It permits us, for example, to 


identify the films, as of oxides, on the surfaces of chem- 
ically reactive metals and to study surface differences 


among several pigments which are chemically identical 
but which have undergone different surface treatments. 
Such information is of prime importance to manu- 
facturers of film-forming materials, powders of all 
types, and dispersions, among other products. In 
these, surface properties often outweigh their bulk 
characteristics. 

The electron microscope is shown in Figure ll, 
equipped with the electron diffraction accessory. In 
Figure 16 comparative electron diffraction patterns 
secured with it are presented. 


SUMMARY 


When we consider that each of the topics discussed 
above constitutes in its own right a branch of physics, we 
cannot hope to gain here more than an introduction to 
the subject covered. We see, however, that as a group 
they form a clinic in which the patients are samples of 
matter in great variety. The specimen may be sub- 
jected to an external examination: as when its shape 
and superficial details are viewed with the light micro- 
scope and the electron microscope; or its color charac- 
teristics determined with the spectrophotometer; of 
its surface analyzed by electron diffraction. The exami 
nation may delve somewhat more deeply into its con- 
stitution and supply information of aid in the deter- 
mination of its molecular structure and chemical 
composition, by use of the several spectrographs, with 
absorption and emission methods. Furthermore, with 
the help of x-rays, the arrangements of atoms and atom 
clusters may be revealed. In this electromagnetic 
clinic, a diagnosis of considerable interest is the rule, 
and the prognosis is generally profitable, whether im 
the academic or industrial sense. 
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Visual Examinations 
LYNE S. METCALFE 
New York City 


ILMS of all types have played an important part 

in chemical education, and without doubt will 
serve on an even wider basis in the postwar period. 

In the first place, wartime programs have developed 
a wider selection of subjects of interest in chemistry, 
and the technique of their use has been greatly im- 
proved by industry and in the Armed Forces. In the 
past, many instructors in chemistry have been content 
merely to show slidefilms and motion pictures, taking 
it for granted that the information thus presented 
visually would ‘“‘stick.”’ 

Instructors have long realized the importance of 
properly integrating visuals with other study mediums, 
including laboratory, lecture, and book study, and of 
devising a method of testing out the progress made as 
aresult of the use of the screen by the average student. 
Many new techniques which work in this direction have 
been developed in the wartime programs and will, in 
due course, be made available to the instructor in 
chemistry. Recently a visual training clinic, held in 
cooperation with the U. S. Coast Guard—one of the 
largest users of the picture screens in the Armed Serv- 
ices—at the Jam Handy Eye School, Detroit, Michi- 
gan, devised and developed a simple method of testing 
the individual student’s absorption of knowledge from 
the picture screen, and also the value of a particular 
subject itself. It is a system which the Coast Guard 
is using widely in its various visual training programs. 

This system is based upon the principle that exam- 
inations based upon knowedge gleaned from the visual 
medium should be tied in more closely with the visual 
element itself. Many students are competent to ab- 
sorb and remember what is seen, and apply the knowl- 
edge, though they might possibly not be able to prove 
itin an ordinary written examination. 

By this method, the instructor, using the regular 
lesson slidefilm of the ‘‘reading’’ or discussional type, 
makes a paste of lampblack and water, and with an 
ordinary small art brush blacks out—on the glossy side 
of the filmstrip—certain elements, which may be letter- 
ing, pictures or parts of pictures, concepts, or figures. 
With these eliminations, the slidefilm is again pro- 
jected on the screen or wall, and the class is confronted 





PREPARING A SLIDEFILM FOR AN EXAMINATION 


with the problem of furnishing, orally, the missing 
material. There are a number of advantages here: 
first, the value of the refresher process which again 
registers the visual material through discussion and 
study; second, a “‘yardstick’’ by which the instructor 
may determine how much information the class has 
retained; third, the efficacy of the particular subject 
may be subjected to a test at the same time. 

After the visual exams, the instructor may easily 
eliminate the paste by the use of a damp cloth or a rub 
of the thumb. 

The popularity of the discussional type of slidefilm in 
chemical education is due, in large measure, to its 
flexibility in permitting and provoking discussion 
among students, and elaboration of processes, concepts, 
and procedures by the instructor, since the image may 
be held on the screen for the purpose, or the film may be 
run backwards to frames previously screened. It also 
tends to guide question and answer sessions while the 
illuminated material is before the eyes of the class. 
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Courtesy of Textile World 
JOHN MERCER (FROM ‘‘MERCERIZA- 


QO* E hundred years ago marked the discovery of a 
process very important to the textile industry. 
The man who made it was a self-taught one, without 
the advantage of a technical education, but by in- 
domitable energy and perseverance he has left behind 
him a name that will always be known and revered in 
the dyeing and printing trade. 

John Mercer was born on February 21, 1791, at 
Great Harwood near the town of Blackburn in Lanca- 
shire, England. His father had owned a small spinning 
mill but lost it through financial reverses and turned to 
farming. The failure of his crops in 1799 left him a 
broken-hearted man and left his family in poverty. 
His death followed in a few months. To help his wid- 
owed mother support the little family, nine-year-old 
John went to work as a tenter for a hand-loom weaver, 
and in a few years became a weaver himself. 

Very little is known about his early education beyond 
the fact that at the age of nine he was receiving private 


instruction in the three R’s from one of the workers in a. 


local print shop. He became interested in the dyeing 
of cloth and spent the few pence he could spare each 
week for coloring materials. In 1806 while on a visit 
to his mother, who had married a second time, he was 
especially attracted to the bright orange color of his 
stepbrother’s dress and filled with the burning desire to 
learn the art of dyeing. 

In an outline drawn up by Mercer for his son, he 
says: 

How to begin was my difficulty. There was no fancy dyer in 
our village; I had no acquaintance with anyone who knew any- 
thing of dyeing, and I had no books that would help me. The 


villagers wore mostly dyed cotton at that time, and got them 
dyed at Blackburn. I therefore went to a druggist at Blackburn, 


and got a little of all kinds of stuffs the dyers used, with the names 
written on each. Weavers at this time having plenty of cotton 
fents, I was thus well provided with all that was required, and by 
ringing changes and labelling all the results I was able to dye all 
the colors then in use. Not having convenience where I lived, 
I took a man to join with me, who had a sufficient building fora 
dyehouse, with water near, and we dyed for the inhabitants of 
Great Harwood and the surrounding villages (1). 


His success with dyes attracted the attention of the 
proprietors of the Oakenshaw Print Works, near Man- 
chester, and they offered him in 1809 an apprenticeship 
in their color shop. A year later the great depression 
in the English printing trade forced his employers to re- 
lease the apprentices and Mercer went back to hand- 
loom weaving with regret. Probably he would not have 
so readily given up the work, but ‘‘obstacles had been 
constantly thrown in his way by his superiors, the men 
of mysteries and jealousies, a type which existed in 
those days and which unfortunately are not yet extant, 
men of few receipts, little knowledge and less com- 
mon sense’”’ (2). 

For three years he worked at his loom and saved 
enough money to buy a weaving business of his own. 
It is related that on his way to get his marriage license 
he stopped at a stall to purchase a few books. One of 
these was a used copy of the ‘‘Chemical Pocket Book” 
arranged in a ‘‘Compendium of Chemistry” by James 
Parkinson of Hoxton (3). His marriage to Mary 
Wohlstenholme on April 14, 1814, was a happy one, and 
his description of their long years together is deeply 
stirring. 

The book of chemistry introduced Mercer to a new 
field of knowledge. He readily saw the need of it to 
interpret his failures and adopt other methods of ex- 
perimentation. This led to his first important discov- 
ery in 1817 of a new orange dye, produced by passing 
calico through a solution of antimony sulfide dissolved 
in sodium sulfide, followed by passage through a dilute 
solution of sulfuric acid. The orange was of much 
brighter hue than had been made before with annotto. 
While on his way to show his new color to Hargreaves, 
Dugdale & Co., proprietors of the Broad, Oak Print 
Works, Accrington, he met John Fort of the Oakenshaw 
Print Works. Fort offered Mercer a situation as expet- 
mental chemist in the color shop for five years at 30 
shillings a week. He accepted and remained with the 
firm for about 25 years, entering the partnership in 
1825. During this time he contributed many impor- 
tant discoveries to the calico-printing trade and the 
Oakenshaw Print Works enjoyed a long period of pros- 
perity (22). 

MERCERIZATION , 

The foundation of the mercerizing process seems (0 
have been laid in Mercer’s preoccupation with sub- 
stances capable of forming definite hydrates in solution 
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He made a number of viscosity experiments with the 
hope of finding a variation in flow that would indicate 
the extent of chemical hydration. He thought to bring 
about a partial separation of the different hydrates by 
fractional filtration and while engaged in filtering 
alkali-makers’ red liquor (4) observed that the cloth 
contracted in the wetted portions. In his own words: 


For this purpose I made a filter composed of six folds of strong 
cotton cambric passed three times through the calendar to make 
it compact and poured upon it a solution of caustic soda of 
60°Tw. The filtration was very slow; the liquor passed through 
was of 53° Tw (as well as I remember). But I found my filter- 
ing cloth had undergone an extraordinary change; it had become 
semi-transparent, contracted both in length and breadth, and 
thickened or ‘‘fulled’’ as I then termed it. I then spotted 
bleached cambric with single drops of caustic soda of 60° Tw 
and 50° Tw, and noticed that the central portion of each drop 
(about the size of a shilling) became semi-transparent and con- 
tracted; around this was a rim of a quarter of an inch, neither 
semi-transparent nor contracted, which evidently contained 
little soda (3). 


This preparation of “‘fulled cloth’ took place in 
1844, but it was not until 1848 when Mercer dissolved 
the partnership of the Print Works that he had suf- 
ficient time to devote to his discovery. He found that 
the alkali could be removed by washing with water, 
but a change in strength of the caustic on filtering led 
him to believe that a definite compound was formed 
by the cotton retaining some of the alkali, but that it 
broke down leaving a molecule of water attached to the 
cotton. It was at this time that Robert Hargreaves of 
the Broad Oak Print Works Accrington, offered him 
assistance in return for a share in the mercerizing 
patent. : ° 

He accepted and the patent was filed in the year 
1850. The principal part of his process is thus de- 
scribed in it: 


The mode I adopt of carrying into operation my invention to 
cloth made wholly or partially from any vegetable fibres and 
bleached is as follows: I pass the cloth through a padding 
machine charged with caustic soda or caustic potash at sixty or 
seventy degrees Twaddles’ hydrometer, at the common tempera- 
ture, at, say, sixty degrees Fahrenheit, or under, and without 
drying the cloth wash it in water, then pass through dilute 
sulphuric acid, and wash again, or I run the cloth over and 
under a series of rollers in a ci tern with caustic soda or caustic 
potashat from forty to fifty degrees of Twaddels’ hydrometer, 
at the common temperature of the atmosphere, the last two 
rollers being set so as to squeeze the excess soda or potash back 
into the cistern; the cloth then passes over and under rollers 
placed in a series of cisterns charged at the commencement of 
the operation with water only, so that at the last cistern the al- 
kali has nearly been all washed out of the cloth; when the cloth 
has either gone through the padding machine or through the 
cisterns above described, I wash the cloth in water, pass it through 


f dilute sulphuric acid, and wash again in water (5). 


It is interesting to read a contemporary comment 
on the discovery. Gladstone in his article, ‘‘On the 
compounds of cotton with alkalies,” says: 


The beautiful effects produced by Mr. Mercer through treated 
cotton with a cold solution of caustic soda, are well known not 
only to the scientific world, but through the medium of the Great 
Exposition, to the public in general. Yet, I believe the chemical 
compound itself has not hitherto been investigated (6). 
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After a series of experiments, Gladstone came to the 
conclusion 


That the combination of the soda with the cotton has effected 
permanent change upon it is certain; when regained, it is con- 
tracted, and takes dyes better; but the question arises: Is this 
merely a physical alteration or has a real chemical change of the 
lignine taken place? I am inclined to view the ‘‘mercerized”’ 
cotton as chemically identical with the original substance. 


* * * 


The change that takes place in the physical condition of the 
cotton is best observed under,the microscope. The fibres in their 
ordinary state appear as flattened twisted ribands; but the 
moment they are treated with the alkaline ley [sic lye] they un- 
twist themselves, and contract in length, as they swell out, as- 
suming a rounded solid form; and their circular appearance 
(7) they retain after the soda is removed from the water. Thus 
the shrinking is explained, and I think also the superior char- 
acter of the colours which mercerized cotton is capable of ex- 
hibiting. For the substance of the fibre itself is of a porous na- 
ture and will of course absorb a larger quantity of the dye when 
expanded, than when compressed into a flat twisted band, and as 
this takes place in the same space, a greater intensity of colour 
must be the result. 

From the observations it appears that lignine is capable of 
forming a combination with soda, the proportion of the alkali 
varying with the strength of the solution employed, but in no 
instance exceeding one atom, and that this compound is decom- 
posed by water, being resolved into its original compounds (6). 


In one of our modern texts we read this explanation 
of the above as it is interpreted today: 


In this process the cotton is passed through a 30 per cent 
NaOH bath in the cold to give a sodium cellulose and then 
washed well with hot and cold water to give a hydrocellulose. 
The surface fibers are changed slightly in composition resulting 
in a product with a greater sheen. By this treatment the flat 
cotton fibers become cylindrical and thicker and increase in 
weight from 8-10 per cent. They also become smooth and trans- 
lucent and possess a luster similar to that of silk (8). 


and in another: 


The cause of the mercerizing effect is not yet clear. It seems 
that the difference between native and mercerized cellulose 
depends on various physical and crystallographic changes. Their 
x-ray diagrams are different (9). 


Mercer had not mentioned the art of crimping in his 
patent, but he quickly devised a method for craping 
cotton and exhibited samples of various patterns at the 
London Exhibition. Arthur Morris in his ‘Mercer 
and Mercerization”’ gives us a clear idea of how this was 
done: 


If part of the cloth is protected from the action of the lye, for 
instance, by printing on it a strong gum paste in parallel strips, 
the ‘“‘unreserved”’ portion of the fabric alone contracts. There- 
fore, when the gum is removed by steaming, the contracted part 
draws with it the non-mercerized fibres, and as they have more 
space to fill, they crinkle up, producing a crepe effect. Specimens 
of all these applications were shown at the Great Exhibition of 
1851. Doctor Lyon Playfair, the elder, perhaps the leading 
scientist of the day, declared these samples to be one of the two 
most remarkable exhibits in the building. Her majesty, who 
prudently declined the numerous presents pressed upon her by the 
exhibitors, made two exceptions. She accepted with gratification 
a handkerchief of ‘‘contracted cloth” prepared by the process of 
Mr. John Mercer (10). 


Dr. Playfair lectured upon the invention before the 
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British Association, saying that Mercer had his atten- 
tion drawn to the subject as early as the year 1844. 
He displayed stockings of open weave and showed that 
the mercerization process made them appear of a much 
finer texture besides taking colors better and increasing 
the strength and brilliancy (11). 

Mercer’s reputation as a research chemist was now 
well established but several factors prevented the 
commercial success of his discovery. A keen compe- 
tition of the calico-printing trade necessitated low prices 
for cloth, and the cost of sodium hydroxide at £26 
per ton was too high. There was much objection to 
the loss of material due to shrinkage. This contraction 
of cloth by the mercerization process amounted to about 
25 per cent in each direction (12). However, despite 
these drawbacks its future possibilities as a commercial 
product may have been foreseen by some, as he was 
offered £40,000 for his patent but could not obtain the 
consent of his partner to sell. 

Tension in the crimping and craping of cloth was not 
used by Mercer, yet it is strange he did not notice that 
the uneven tension of the cloth between the rollers of 
the roller-cistern dyeing machine produced a kind of 
luster. Possibly it was due to the fact that only fab- 
rics made from short cottons lacking natural luster 
were used (13). It was not until 1890, when H. A. 
Lowe, a Manchester chemist, took out a patent for 
mercerizing under tension, that the foundation of the 
modern mercerizing industry was laid (14). Lowe’s 
patent was declared void by the English courts in 1897, 
but the real commercial tension process dates from this 
time, and in 1921 the Society of Dyers and Colourists 
awarded Lowe its highest honor, the Perkin Medal for 
the production of a permanent luster on cotton (12). 

The enterprising French dyers, Richard Thomas and 
Emanuel Prevost, located in Crefeld, Germany, defi- 
nitely established the value of mercerization under 
tension, and men identified with the industry began to 
realize its possibilities. Thomas and Prevost tried to 
patent a method to prevent shrinkage, and a pro- 
duction of luster, but their patents were declared invalid 
by English, German, and American courts because of 
Mercer’s and Lowe’s earlier discoveries. In spite of 
this their business progress was rapid and by 1897 their 
firm was mercerizing considerable quantities of cloth. 

Until the spring of 1897, the English andGerman prog- 
ress attracted little attention in America. 


There is well-authenticated evidence that the J. R. Montgom- 
ery & Co., Windsor Locks, Conn.; the Pennypack Yarn Finishing 
Co.; the William H. Lorimer’s Sons Co., Phil., and the Aber- 
foyle Mfg. Co., Chester, Pa., were mercerizing skein yarns in a 
limited but satisfactory manner early as the summer of 1897, 
and that Jos. Bancroft & Sons Co., were experimenting with cloth 
mercerizing. It was not until after John Bancroft of the latter 
firm returned from Europe in the fall of 1897 that they com- 
menced to make regular deliveries of mercerized cloth on contract. 
The J. R. Montgomery & Co., still retain their 1897 records show- 
ing deliveries starting in June 1897 to several firms who later be- 
came competitors in the mercerizing business (12). 


A complete ‘Bibliography of Mercerization”’ is given 
in the American Dyestuff Reporter for 1937. 


This 


JOURNAL OF CHEMICAL Epucation 


assembles in one list the references to most all the jour- 
nal articles on mercerization and related subjects which 
have appeared since the original patent in 1850 to the 
end of 1935. The articles are grouped according to the 
year of their publication and arranged alphabetically 
by their authors’ names. ‘The reference to each article 
is followed whenever possible by a reference to an ab- 
stract of the article in some standard abstract journal. 
All titles of foreign articles are given in English (19). 


INVENTIONS AND HONORS 


The mercerization of cotton in 1844 was only one of a 
long list of his discoveries. So numerous and varied 
are the topics that a classified list would be difficult to 
give. Among the more prominent ones may be in- 
cluded: an ingenious process for discharging indigo 
blue by means of alkali and red prussiate of soda (/7); 
improvements in chrome colors (16); ‘‘scouring salts” 
used for cleaning woolen fabrics; bleached palm oil 
for a soapery in 1839 near Accrington; invention of a 
vegetable parchment; artificial manures; experiments 
on catalysis, and the chlorination of woolen and mixed 
fabrics of wool and cotton, whereby greater facility for 
retaining colors is given to wool. Had Mercer patented 
this last process of chlorination there would have ac- 
crued to him a large fortune but he gave it to the print- 
ing trade with no reservations (1). This inveterate ex- 
perimenter was greatly interested in theoretical chem- 
istry, and his theory of catalysis provided Playfair with 
ideas that led to the discovery of the nitroprussides 
(26). We read in a letter to Playfair that he anti- 
cipated Pasteur’s germ theory (26). Although the 
discovery of the solubility of cellulose in cuprammonium 
hydrate is attributed to Schweizer (18), according to 
Parnell (3) the effect was first noticed by Mercer. 

In 1858 he presented a paper before the British As- 
sociation at Leeds, ‘‘On the relation of the atomic 
weights of the families of the elements ”’ (19). During 
his leisure moments he had worked out some interesting 
relationships between atomic weights of several ele- 
mentary substances. In an 1854 memorandum, he 
says: “I have at times thought about the arrange- 
ment of atoms, but my conjectures are not so plausible 
probably as those of Gmelin. Still there are to my 
mind, difficulties in his arrangements’ (22). Sevell 
patents were granted to him and collaborators (25): 


1. Processes to be used in the dyeing or colouring of cotton, 
woolen, silk, or other yarns. August 1, 1839, to John Mer 
cer, John Dyneley Prince, William Blythe. 

2. Manufacture of articles used in printing and dyeing cotton 
silk, woolen, and other fabrics, November 10, 1842, to 
John Mercer, John Barnes. 

Manufacture of certain chemical agents used in dyeing and 
printing cottons, woolen, and other fabrics. July § 
1845, to John Greenwood, John Mercer, John Barnes. 

4. Dyeing Turkey-red and other colours. June 22, 1846, 1 
John Mercer, John Greenwood. 

5. Certain materials used in processes of dyeing and printing 
October 12, 1849, to John Mercer, William Blythe. 

6. Preparation of cotton and other fabrics and fibrous materials. 
October 24, 1850, to John Mercer. 
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7. Preparing cotton and fabrics for dyeing. March 15, 1852, 


to John Mercer, John Greenwood. 


Photography was one of his favorite hobbies, and he 
was the first to apply it to the production of patterns 
on calico. A brief entry in an old memorandum book 
says: 

I spotted a piece of white cotton with solution of pernitrate 
of iron, and exposed it to the sun; on testing it afterwards with a 
solution of red prussiate of potash it gave a blue, but it gave no 
blue before exposure. This is worthy of note. I have not seen 
it noticed by any chemical writer (22).”’ 


Mercer worked at length on the photochemistry of 
iron salts and at the British Association at Leeds in 
1858 exhibited colored photographs on paper. Some 
of ghese were sent to the Journal of Photographers 
Society of Vienna. A picture of Mercer used for the 
February, 1941, frontispiece of THIS JOURNAL is a re- 
production of a photograph made by himself on cloth 
by means of a light-sensitive mordant (23). 

He acted as judge for the Great Exhibition of Lon- 
don of 1851 and again in 1862. After much hesitation 
on his part, he accepted a Fellowship in the Royal 
Society of London at the annual meeting, June 3, 1852 
(20), and was later elected to honorary membership 
in the Literary and Philosophical Society of Man- 
chester and the Glasgow Philosophical Society. 

Mercer had two sons and three daughters. The 
son named for him followed closely in -his footsteps. 
Gifted with’ a keen mind and aptitude for chemistry 
he was afforded all the advantages denied his father. 
After attending Edmonson’s Academy at Blackburn, 
and University College, Edinburgh, at the age of 21 he 
assumed management of his father’s business, later 
establishing a cotton-spinning firm at Great Harwood, 
under the title of Mercer, Brother & Co. Like his 
father, he held many township offices and was elected 
to the Chemical Society of London (24). 

Seeking no honors, the elder Mercer lived a simple 
and unselfish life, endearing himself to all who knew 
him by his kindness and generosity to the poor whose 
struggles and hardships he could well understand. 
Like many another great scientist he was fond of music, 
and when no longer able to attend public performances 
he contented himself with listening to the music of his 
children’s voices. After a long and painful illness 
borne with exemplary resignation, he died on November 
30, 1866, at the advanced age of 75 years. In the 
“Obituary notice’’ of the Fellows of the Royal Society 
of London for 1868 (21) we see the name of John 
Mercer, Esq., listed, and yet even here, his name may 
often have been overlooked, for occurring in this same 
list is that of the great Michael Faraday, who died 
one year later than Mercer. 

His remains were interred in the family vault at 
Great Harwood, but fully a generation passed by be- 
fore his native town honored him with a monument in 
the form of a clock-tower. ‘‘This tardy recognition was 
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in keeping with the curiously slow evolution of the 
process which kept his memory green. Mercerization 
was of no commercial value during his life time’ (10). 
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The part of the invention that Mercer valued the most 
and others the least became successful about 30 years 
after his death. 
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Model for the Demonstration 
of Elastic and Plastic Properties 


G. GOLDFINGER and C. B. WENDELL, JR. 


Godfrey L. Cabot, Inc., Boston, Massachusetts 


T IS customary to describe the mechanical behavior 
of high polymers, such as rubber or fibers, in tern s 
of a system of springs and dashpots. The springs repre- 
sent the elastic component or components of the na- 
terial, and the dashpots the flow. In combination with 
the springs the dashpots represent the retarded elastic 
effect shown by many high polymers. Such a model is 
convenient and helpful in visualizing the form and mean- 
ing of the differential equations describing the stress- 
strain relationships of these materials. However, it 
is difficult to construct a demonstration model of any 
versatility employing actual springs and dashpots. 
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FiGuRE 1.—MODEL FOR THE 
DEMONSTRATION OF ELASTIC AND 
PLASTIC PROPERTIES 


By taking advantage of the gas laws it is easy to re- 
place the spring with a cylinder and piston in which air 


is expanded by pulling on the piston. When the force is 


removed the piston moves back into equilibrium posi- 
tion. 

The dashpot can be replaced by a capillary through 
which a viscous fluid is forced by the pressure differen- 
tial created by the movement of the piston. 

On this basis a model was built consisting of an all- 
glass syringe (.S), a two-way stopcock (IJ), a one-way 
stopcock (7), and a glass container of about 5-cc. 
volume (V2). With this model it is possible to demon- 
strate three combinations of the spring-dashpot system; 
namely, (a) instantaneous elastic deformation, (d) re- 
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FIGURE 2.—TIME-ELONGATION CURVES AND THE CORRESPOND- 
ING MECHANICAL MODELS 
The curves are obtained when: 
Stopcock I 
A Closed 
B Closed 
Cc Open 


Stopcock II 
connecting syringe (.S) with tube (7) 
connecting syringe (S) with capillary (C) 
connecting syringe (S) with capillary (C) 


tarded elastic deformation, and (c) plastic flow. Figure 
On the bottom a 2-cc. all 


1 shows the instrument. 
glass syringe (S) can be seen which is connected throug! 
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the single lead of a two-way stopcock (IJ) to a vessel 
placed above. One of the connections (C) from this 
stopcock is a capillary about 10 cm. long and 0.7 to 
1.0 mm. in diameter which is connected to the bottom 
of the vessel (V2). The other arm of the two-way stop- 
cock is connected through a tube (7°) which leads 
through a ring seal to the top of the vessel (V,). Above 
the end of the tube (V;) a one-way stopcock (J) con- 
nects the container with the atmosphere. Volume V2 is 
filled to within a few mm. of the top of the tube V; with 
medium viscosity lubricating oil. 

When stopcock J is closed and stopcock JJ is put in a 
position in which the syringe is connected to the tube T 
and hence to volume Vj, the syringe connects with a gas 
volure. By attaching a weight to the bottom of the 
syringe this moves downward, creating an underpres- 
sure in the completely closed volume, and the down- 
ward movement stops when the atmospheric pressure 
balances the weight attached to the piston. This proc- 
ess takes place quite rapidly and creates the illusion of 
instantaneous elastic response and hence corresponds to 
the spring. When stopcock JJ is in a position to con- 
nect the syringe with the capillary C and stopcock J is 
still closed, then the oil placed in volume V2 has to 
flow through this capillary to permit the piston to move 
downward and create the underpressure required to 
balance the attached weight. The velocity of the move- 
ment of the piston, of course, depends on the size of the 
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capillary, the volume of oil which has to be displaced, 
and the viscosity of the oil. If the dimensions are as 
mentioned above and a medium to low viscosity oil is 
used, equilibrium will be reached in about one minute, 
which is a sufficient length of time to take measurements 
for plotting the curve, nevertheless short enough for 
convenient demonstration purposes. On the removal 
of the weight the piston moves back according to a 
curve which is the reciprocal of the expansion curve. 
Finally, when stopcock JJ is in the position to connect 
the syringe with the capillary and stopcock J is open, 
the piston moves under the weight attached to it as a 
model of plastic flow. The slope of the time-elongation 
curve thus obtained is the same as the initial slope of 
the curve representing retarded elastic deformation. 
In Figure 2 the mechanical models corresponding to 
these three possibilities are shown and with each is 
given the pattern of curve which can be obtained when 
plotting the position of the syringe versus time. 

A similar model was built with two three-way stop- 
cocks and by putting volume V2 in a slightly different 
position five combinations of springs and dashpots 
could be demonstrated. By providing a variety of 
capillaries and independent volumes interconnected 
with a sufficient number of stopcocks any model could, 
of course, be built. However, these more intricate 
models are hardly suited for simple classroom demon- 
stration. 


Why High-School Chemistry? 


A. B. KINZEL 


. 


HE Engineering and Scientific Societies have long been inter- 

ested in guiding high-school students in the choice of an 
engineering vocation. The Four Founder Societies! have a group 
of volunteer members who visit high schools for talks on various 
branches of engineering. These men also hold individual con- 
ferences with students who intend to follow engineering in college, 
as well as with science students who will go directly from high 
school to industry. 

It has invariably been our advice to the earnest young man or 
woman in either group that breadth of subject matter is most de- 
sirable. This advice contrasts with the current trend toward 
vacational concentration, even in the early stages of science 
education. It has been quite apparent to the counselors that the 
average student’s preference is strongly influenced by the particu- 
lar branch of science most in the public eye at the moment. Thus 
itis not strange that recently students have tended to elect only 
physics. This is primarily due to the more widely recognized 
Wartime accomplishments of this science as exemplified in ord- 
lance and aviation. Moreover, the armed services have urged 
school administrators and teachers to emphasize physics. 

The accomplishments of chemistry and its subdivision, metal- 
lurgy, in the popular fields of ordnance and aviation have been 
spotlighted to a lesser degree. This is primarily because chemists 
and metallurgists had accomplished so much even before Pearl 
Harbor. Processes for the production of TNT and other ex- 
plosives were ready. Methods for producing synthetic rubber 
Were at hand. Alloys for guns and aircraft had been largely de- 
veloped, and the gases for chemical warfare had been provided 
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Metallurgical Engineers 


for use if necessary. Marked and even revolutionary improve- 
ment in these processes and products has since been accom- 
plished. But such developments have not been given as much 
publicity as those in aerodynamics or electronics. 

No student can hope to take enough physics in high school to 
be proficient in its use in engineering applications. Nor can he 
hope to acquire enough chemistry in a high-school course. How- 
ever, a student who takes both physics and chemistry in high 
school can acquire enough understanding to appreciate what lies 
ahead. Sochemistry, too, should be a must for those intending to 
follow scientific or broad industrial work, as well as for those who 
do not expect to have further scientific training. 

Engineers adapt materials to useful purposes. In past ages, 
men used the materials nearest to hand. Today, chemists pro- 
vide materials of specified properties. It is significant that each 
civilization has been designated by the best type of structural 
matter in use: the Stone Age, the Bronze Age, the Iron Age, and 
the present Steel Age. Tomorrow bids fair to be labeled the Age 
of Plastics and Alloys—materials of specified properties to be pro- 
duced by men applying the principles of modern chemistry and 
metallurgy. The new automobile, high-speed train, super- 
stratosphere liner, the mechanized all-comfort home, not to men- 
tion practicable rocket propulsion, will be dependent on materials 
created by those skilled in chemistry. And there will be no limit 
to the demands on those so skilled. 

For an understanding of the world of tomorrow, some idea of 


‘the way atoms and molecules combine to form useful materials 


and react te provide useful processes is essential. He who would 
understand and be a part of this world should grasp the op- 
portunity in high school to acquire some knowledge of the basis 
of chemistry —Reprinted, with permission, from Books in Their 
Courses, Henry Holt and Company. 
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Compounds of Lead 


A Project 


CHARLES H. STONE 
144 Wall Street, Orlando, Florida 


HEN the student is directed to treat a solid com- 

pound with an acid, he may occasionally en- 
counter a pretty problem. Dilute acids contain much 
water. Action between the acid and the solid can take 
place only at the points of contact—that is, the surface 
of the solid. If the product of the reaction is soluble 
in water it is continually removed, leaving the surface 
of the solid exposed to the continued action of the acid. 
If, on the other hand, the reaction product is not soluble 
in water, then it remains im situ, and a gradually thick- 
ening product is formed over the entire surface of the 
solid which, presently, becomes thick enough to shut 
off all action of the acid upon the solid. This general 
condition is not often stressed sufficiently in our texts 
but is easily demonstrated. 

To three test tubes, each containing 2 to 3 g. of 
marble chips, are added, in order, dilute sulfuric, nitric, 
and hydrochloric acids. The action starts off briskly 
enough in all three tubes; it continues unabated in the 
last two tubes since the nitrate and chloride of calcium 
are soluble. In the first tube the action soon slows 
down and presently stops, since calcium sulfate soon 
reaches its limit of solubility. The above applies in 
what follows. 

The compounds of lead are of interest since they 
display a variety of colors and, in one instance, a dif- 
ferent crystal form than has previously been produced 
in the pupil’s work. 

PROCEDURE 

In a clean, dry iron mortar one powders 50 g. of good 
quality cerussite (PbCO;) ore, or more if the ore is 
of low quality. The powder is transferred to a beaker 
or evaporating dish and treated with small portions of 
warm nitric acid, stirring until it appears that the reac- 
tion is ended. The pupil may be asked why hydro- 
chloric or sulfuric acid may not be used. 

Water is added to the material and heat is applied to 
expel carbon dioxide. Filtration follows; the residue 
on the filter is washed to remove all trace of soluble 
material and is then discarded. The clear filtrate is now 
to be divided into several portions to be treated, re- 
spectively, with such reagents as solutions of potassium 
iodide, potassium chromate, sodium oxalate, carbonate, 
sulfate, and others to produce a series of insoluble lead 
compounds. These are filtered and washed, remember- 
ing that the iodide of lead is rather soluble in hot water. 
Each product is drained, dried, powdered, and pre- 
served. 

An evaporating dish containing 5 to 10 g. of lead 


carbonate is heated moderately until the change is 
complete and lead oxide remains. Here it may be 
well to remind the student that this is a general reac- 
tion, for many metal carbonates act similarly when 
heated. 

When lead oxide is placed on a thin iron plate and 
heated moderately to dull redness, the powder being 
often turned over with a spatula, red lead or minium 
results. This substance has a peculiar composition: 
two parts of lead oxide and one part of lead 
(PbO-PbO-PbO2). The lead oxide is acted upon readily 
by nitric acid; the lead dioxide is unaffected. Ten grams 
or more of the red lead are treated in an evaporating 
dish with warm dilute nitric acid with stirring until the 
last trace of red disappears and only a brown mud re- 
mains. Hot water is added and the whole is trans- 
ferred toa filter. The brown residue is washed first with 
a little warm nitric acid to remove any remaining 
minium, and then with hot water. The brown product 
is dried and preserved. This is the substance used on 
the anode plates of storage batteries. The filtrate may 
be set aside in a crystallizing dish for some days until 
six-sided crystals form with sides alternately long and 
short. 

To 50 cc. of water in a beaker add about a gram of 
powdered lead iodide and heat to boiling. Meanwhile 
warm a filter standing in a graduate or vertically sup- 
ported large test tube; this is to prevent too rapid 
cooling of the liquid later to run through the filter. 
Pour the hot solution of lead iodide into the filter and 
let stand. As the liquid cools, brilliant spangles of lead 
iodide will appear. 

A lead tree, arbor saturnii, is easily prepared. Dis- 
solve about a gram of powdered lead acetate or nitrate 
in 25 cc. of normal acetic acid (60 g. per liter). Add this 
to 25 ec. of water glass of sp. gr. 1.06 and stir well; 
pour into a 50-cc. graduate or large test tube and let 
stand overnight. A thick gel forms. Now press into 
the top of the gel a clean piece of zinc and stopper 
tightly. The zinc gradually displaces the lead, forming 
a beautiful lead tree which is quite insensitive to shock 
since it is supported by the gel. 

An iron nail as cathode and a piece of clean lead as 
anode may be inserted in a solution of lead acetate and 
a direct current passed, with formation of spongy lead 
on the cathode. 

There are various other lead compounds, lead tetra 
chloride, lead tetraethyl (used in gasoline to prevent 


(Continued on page 439) 
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Industrial Advertising 


as a Source of Information 
for the Chemistry Teacher 


WILLIAM G. KESSEL 
Wiley High School, Terre Haute, Indiana 


OST of the teachers of general chemistry realize 

that the texts they use are woefully inadequate, 
especially in covering many of the present process 
industries and the myriad chemicals they produce, 
that contribute so much to our daily lives. It is the 
opinion of this chemistry teacher that some considera- 
tion of these processes and products should be given 
even in an elementary course. For a large majority of 
these students will never have another opportunity 
to learn of the manifold contributions that chemistry 
makes to civilization. 

There are many sources of supplemental informa- 
tion that the chemistry teacher can and does use, but 
one of the best—often overlooked—is informational 
advertising. Much pertinent material and many new 
ideas can be obtained from the pamphlets, literature, 
and samples that are available from many chemical 
industries. For example, the Texas Gulf Sulfur Com- 
pany can furnish excellent information on the prepara- 
tion of sulfur and its uses, as well as samples to il- 
lustrate these uses, that ean do much to give new in- 
terest to the study of this element. It may be difficult 
to obtain satisfactory information on a particular topic, 
but inquiry to one of the industries that are concerned 
with this particular problem will often reveal an ex- 
cellent source. A search for any good information on 
the metal beryllium, for instance, will reveal little 
to the average teacher, but a request to the Beryllium 
Company of Pennsylvania, Reading, Pennsylvania, 
will reveal a surprising amount of data that are in- 
teresting on this topic. There are many other sources 
of similar information that can do much to brighten up 
our lessons and our laboratories. 

The following list of source material has been ac- 

ulating for the past four years in an effort to build 
up a file of pertinent, interesting, supplemental in- 
formation. All have been exceedingly gracious in 
answering requests for information, in some cases 
even sending other material and new data as they are 
published. 


INORGANIC 


Allegheny Ludlum Steel Corporation 
Oliver Building 

Pittsburgh, Pennsylvania 

Titanium Alloy Manufacturing Company 
Niagara Falls, New York 

Texas Gulf Sulfur Company 

75 East 45th Street 

New York, New York 

Pittsburgh Plate Glass Company 
220 Grant Building 

Pittsburgh, Pennsylvania 


Handbook of Special 
Steels” 


itconium and titan- 
lum products 


iltsburgh Plate Prod- 
ucts—a bimonthly 
publication on glass 


The War of Metals 


Chrome Chemicals 


Water and Sewage 
Chemistry and 
Chemicals 


Aluminum informa- 
tion and charts 


A Manual on Phos- 
phates 


Graphite uses 


Fifty Years of Chemi- 
cal Progress —- de- 
velopments in the 
alkali field 


Foamglas information 


Fiberglas information 


Abrasives charts and 
information 


Uses of nickel 


Indium uses 


Pyrex manufacture 
and use 


Carborundum prepa- 
ration and use 


Uses of silicate of 
soda 
Iron and steel uses 


Citric Acid and Its 
Derivatives 


Hydrogenated Coal Tar 
Chemicals 


Corn in Industry 


The Story of a Tire 
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Dunn and Bradstreet 

290 Broadway 

New York, New York 

Mutual Chemical Company of America 
270 Madison Avenue 

New York, New York 

General Chemical Company 

40 Rector Street 

New York, New York 
Aluminum Company of America 
Educational Division 

Gulf Building 

Pittsburgh, Pennsylvania 
Davidson Chemical Company 
Baltimore, Maryland 

U. S. Graphite Company 
Saginaw, Michigan 

Mathieson Alkali Works 

60 East 42nd Street 

New York, New York 


Armstrong Cork Company 
Lancaster, Pennsylvania 

Owens Corning Fiberglas Corporation 
Toledo, Ohio 

Behr-Manning Corporation 
Educational Bureau 

Troy, New York 

Manager of Publicity 

Nickel Sales Department 
International Nickel Company, Inc. 
67 Wall Street 

New York, New York 

Indium Corporation of America 
60 East 42nd Street 

New York, New York 

Corning Glass Company 
Advertising Division 

Corning, New York 
Carborundum Company 

Niagara Falls, New York 
Philadelphia Quartz Company 
Philadelphia, Pennsylvania 
American Iron and Steel Institute 
350 5th Avenue 

New York, New York 


ORGANIC 


Chas. Pfizer and Company, Inc. 

444 West Grand Avenue 

Chicago, Illinois 

Barrett Company 

40 Rector Street 

New York, New York 

Corn Industries Research Foundation 
270 Broadway 

New York, New York 

Goodyear Tire and Rubber Company 
Akron, Ohio 
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The Story of Leather 


The Furans 


The Story of Indus- 
trial Alcohol 


Cork and the American 
Cork Industry 


Vanillin and other 
products 


Glycols 


Saran plastic 


Plastics 


Ameripol, synthetic 


rubber 


Dupont Magazine— 
publication telling 
of new develop- 
ments by Du Pont 


Plastics 


The Story of Plastics 
—excellent flow 
sheet with samples 
(small charge) 

Bakelite Review — 
magazine on appli- 
cations of plastics 


Milk products 


Nutritional charts on 
food content and 
composition in- 
cludes vitamins 

Injection - Moulded 
Plastics — pictorial 
description of proc- 
esses 

The Five Commercial 
Types of Synthetic 
Rubber 


‘Moulding the Future 
Through Chemis- 
try,”’ wall chart on 
processes and prod- 
ucts 

Towers of Triumph— 
synthetic rubber 
processes 


Catalin plastic infor- 
mation 





Ohio Leather Company 
Girard, Ohio 

Quaker Oats Company 

141 West Jackson Boulevard 
Chicago, Illinois 

U. S. Industrial Chemicals, Inc. 
60 East 42nd Street 

New York, New York 

Cork Institute of America 
25 West 43rd Street 

New York, New York 


General Drug Company 

644 Pacific Street 

Brooklyn, New York 

Carbideand CarbonChemicalsCorporation 
30 East 42nd Street 

New York, New York 


Plastics Division 

Dow Chemical Company 
Midland, Michigan 
Plastics Division 
Monsanto Chemical Company 
St. Louis, Missouri 

B. F. Goodrich Company 
Section 8000 

Akron, Ohio 

DuPont Magazine 
Wilmington, Delaware 


Plastics Division 
E.I.du Pont de Nemours & Company, Inc. 
Arlington, New Jersey 


Bakelite Corporation 
30 East 42nd Street 
New York, New York 


Sealtest, Inc. 

230 Park Avenue 

New York, New York 

H. J. Heinz Company 
Pittsburgh, Pennsylvania 


Elmer E. Mills Corporation 
812 West Van Buren Street 
Chicago, Illinois 


Mechanical Goods Division 

U. S. Rubber Company 

Rockefeller Center 

New York, New York 

American Cyanamid and Chemicals 
Corporation 

30 Rockefeller Plaza 

New York, New York 


Dayton Rubber Manufacturing Company 
Dayton, Ohio 


Catalin Corporation 
1 Park Avenue 
New York, New York 


JOURNAL OF CHEMICAL EDUCATION 


Pictorial visit through 
plastic products 
plant 

Flax products 


Organic chemicals 


Plastics from Agricul- 
tural Materials 


Visit to a Varnish 
Plant 


Durez plastics 


Cellulose plastics 


Rayon information 


Beetleware and other 
plastics 


Nitroparaffins and 
other organic com- 
pounds 


Coal tar products 


Educational informa- 
tion 


Electronics —A New 
Science for a New 
World 


“Indicators” — cata- 
log 

Indicators, pH range 
charts, and tables 


The Biggest and 


Littlest Things in 
the Universe 


The Story of Linoleum 


Laboratory emer- 


gency chart 

The Frontier 

General Electric News 
Digest 


Synthetic Optical Crys- 
tals 


Chicago Moulded Products 

1020 North Kolmar Street 

Chicago, Illinois 

Textile Foundation 

New York, New York 

Shell Chemical Company 

San Francisco, California 

Iowa State Engineering Experiment 
Station, Bulletin 154 

Iowa State College 

Ames, Iowa 

Forbes Varnish Company 

Cleveland, Ohio 

Durez Plastics and Chemical Company, 
Inc. 

Walck Road 

North Tonawanda, New York 

Celanese Celluloid Corporation 

180 Madison Avenue 

New York, New York 

American Viscose Corporation 

350 5th Avenue 

New York, New York 

Plastics Division 

American Cyanamid Corporation 

30 Rockefeller Plaza 

New York, New York 

Trade Relations Division 

Commercial Solvents Corporation 

1331 South Ist Street 

Terre Haute, Indiana 

Reilly Tar and Chemical Corporation 

Indianapolis, Indiana 

Standard Oil Company of Indiana 

Indianapolis, Indiana 


GENERAL 


Radio, Television, and Electronics  Divi- 
sion 

General Electric Company 

Schenectady, New York 

Coleman and Bell Company 

Norwood, Ohio 

Chemical Sales Division 

Eastman Kodak Company 

Rochester, New York 

School Service 

Westinghouse Electric and, Manufactur- 
ing Company 

306 4th Avenue 

New York, New York 

Armstrong Cork Company 

Floor Division 

Lancaster, Pennsylvania 

Fisher Scientific Company 

711 Forbes Street 

Pittsburgh, Pennsylvania 

Armour Research Foundation 

Illinois Institute of Technology 

Chicago, Illinois » 

Editor, News Digest 

General Electric Company 

Schenectady, New York 

Harshaw Chemical Company 

1945 East 97th Street 

Cleveland, Ohio 
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Here and There in the Trade Literature 


HE June-July-August, 1944, number of The Dupont 

Magazine (E. I. du Pont de Nemours and Com- 
pany, Wilmington, Delaware) contains at least two 
articles which would be of interest to all our readers: 
“Lavoisier—an estimate,’ by Lammot du Pont, and 
“Chemistry’s new-born wood,” by J. F. T. Berliner. 
The first article makes a rather special point of the 
personal relationship of the du Pont family to Lavoisier, 
which gives the piece a pleasantly intimate flavor. The 
second article describes—with good illustrations—the 
treatment of wood with methylol urea, which changes 
its properties so remarkably. 


“Gum drops from wounded pines’ is the attractive 
title of a good article on turpentine and its products in 
the July number of the Monsanto Magazine (Monsanto 
Chemical Company, St. Louis, Missouri). Another 
catchy title, “‘A new link in the long chains,” describes 
Monsanto research in the development of a new 
plastic. 


In every issue of this column we have called attention 
to the beautiful series of reproductions of Abbott War 
Paintings which regularly appear in What's New (Ab- 
bott Laboratories, North Chicago, Illinois). The June 
number is no exception; it contains the second part of 
“The silent service—our underseas Navy in pictures.” 
An article, ‘‘Golden rain,’’ in the same number, deals 
with the distribution of air-borne pollens and fungus 
spores. 


While not directly in the chemical line, the June 
number of Squibb Memoranda (E. R. Squibb and Sons, 
745 Fifth Ave., New York City) is good material for 
science classes. ‘‘Ticks as vectors of disease’’ describes, 
with good pictures, a serious menace to health. There 
is also an excellent summary, in chart form, of ‘‘Anti- 
biotic agents and their spectra of activity.” 


We have seen many flow-sheets of petroleum refining 
but we do not remember any that are better than one 
in The Kelloggram, no.3, 1944(M. W. Kellogg Company, 
225 Broadway, New York City). It describes the proc- 
ess at the Lake Charles refinery of the Cities Service 
Refining Corporation. 


“Crane salutes the industry that’s producing mole- 
cules for victory” is the general title for the May, 1944, 
issue of The Valve World (836 South Michigan Ave., 


Chicago, Illinois). Every article in the number is on a 
chemical topic, from the general discussion of the 
contributions of chemistry to the war, to a good dis- 
cussion of corrosion. The latter includes a striking 
color chart showing the effects of some 140 different 
agents (from beer to H2SQ,) on eight different metals. 
The chart is furnished as a separate reprint to those 
interested. 


Clinical Excerpts. vol. 18, no. 2 (Winthrop Chem- 
ical Company, 170 Varick St., New York City), is 
devoted to medicinal and pharmaceutical subjects, 
but we recognize an old friend, Harry N. Holmes, as 
the author of a short article on ‘“‘Seasickness and 
airsickness treated with thiamine.’’ He claims that 
adequate dosing with vitamin B, (thiamine) is a very 
effective preventive for these disagreeable ills. 


“The story of coated fabrics’’ describes the proc- 
esses for the manufacture of the three main types of 
coated fabrics based on oils, rubber, and nitrocellulose— 
in the Interchemical Review, Summer Number (Inter- 
chemical Corporation, 432 West 45th St., New York 
City). 


Almost everything se@ms to be concerned now in 
the manufacture of synthetic rubber. Now it is 
litharge, a story which is elaborated in the Dutch Boy 
Quarterly, vol. 22, no. 2 (National Lead Company, 111 
Broadway, New York City). 


‘“‘What are these silicones?’ is the question asked in 
the July, 1944, number of the Dow Diamond (Dow 
Chemical Company, Midland, Michigan), after which 
the question is answered in informative fashion. The 
members of this new type of organosilicon compound 
have a particularly low rate of viscosity change with 
temperature. 


Shell News for July (Shell Oil Company, 50 West 50th 
St., New York City) has a short piece by Herbert 
Squires on ‘Fueling the invasion,’ which begins: 
‘‘When American and British troops swarmed ashore on 
D-Day the entire gigantic operation depended in no 
small means on various petroleum products. Every 
soldier who took part in the invasion required a mini- 
mum of 50 gallons of petroleum products each week for 
him to do his assigned job.” 


COMPOUNDS OF LEAD (Continued from page 436) 


knocking), for example, but these are less easily pre- 
pared. 

Work of the above character may be assigned to the 
occasional able student as a pleasing variation from 
the usual work of the laboratory. The experimental 


work called for is simple, interesting, and absolutely 
devoid of danger. The student may prepare an ex- 
hibit of his work and attach his snapshot picture, form- 
ing a display of interest to his fellow students and to 
parents and friends. 
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HEN dialyzing a colloidal dispersior to free it of 

diffusible substances, the solution is usually placed 
in a semipermeable membrane, and the sac immersed 
in running water. The process is continued until all 
traces of the diffusing substances have disappeared 
from the outer liquid. This usually takes days, de- 
pending on the concentration and the rate of diffusion 
of the material coming out of the sac, as well as on the 
efficiency of the method for bringing the liquid in the 
interior of the bag near the surface of the membrane. 
Usually the dialysate is discarded and its large volume 
presents no problem. 
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Jornt H—semi-ball, 28/12 

Joint B—interchangeable glass, § 55/50 

FLasK D—2000 ml., round bottom, 3 neck 

ADAPTER—male $24/40, female $ 10/30 

TuBE—25-mm. pyrex tubing 

CONNECTING TUBE—joints $ 24/40 

Con DENSER L—200-mm. jacket 

Conpensers K, K’—500-mm. jacket 

THREE-Way CONNECTING TuBE—joints $ 24/40 

DIALYsSING CHAMBER E—750 mm. long, 48 mm. diameter, 
pyrex with $ 55/50 female joint at top 

Tuses A anp J]—12-mm. pyrex tubing 

Sac F—Visking cellophane sausage wrapping, 14/, inch 
diameter 

INDENTATIONS S—to prevent sinking of sac and stopping of 
water inlet 























Continuous Dialysis under Reduced Pressure 


GILBERT C. H. STONE 
City College, College of the City of New York, New York City 
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During the course of some work with ragweed pollen 
extracts, the author found it necessary to dialyze one of 
the protein-containing solutions. Since both the di- 
alyzed solution and the dialysate were wanted for test- 
ing purposes—injection into ragweed-sensitive pa- 
tients—a large volume with great dilution of dialysate 
was undesirable. It would have necessitated a pro- 
longed evaporation to bring the volume down to a 
manageable quantity. This might have resulted in 
mechanical loss of some of the dialysate, as well as a 
possible inactivation or contamination of the ma- 
terial. The problem was further complicated by the 
protein-like nature of the diffusing and nondiffusing 
substances. Temperatures would have to be kept 
comparatively low to minimize putrefaction and de- 
naturation. Violent agitation of the solutions would 
have to be avoided to prevent excess foaming. 

Many and various dialyzing devices have been de- 
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scribed. None seemed completely satisfactory for use 7. 
in this case. The apparatus described below was de- Mar 
vised with a view to eliminate cork and rubber, tog Ceylor 
keep all volumes comparatively small, to maintain low *y, 4 
temperatures, and yet to provide for continuous and oad 
exhaustive dialysis. ing ad 
The use of interchangeable ground glass jointsB sagacic 
served to eliminate all non-glass connections andf coverie 
stoppers. Cellophane tubing, obtainable from the— [hu 
Visking Co. in various diameters and thicknesses, pro- pe 
vided uniform, strong, narrow bags which gave efficient B is defn 
and rapid dialysis. With such materials and a blast § coverie 
lamp the dialyzing apparatus can easily be assembled B Too 
From the diagram it will be noted that the device — 
works under reduced pressure, making it possible tomait: F theticai 
tain temperatures of 25°C. or lower. The solution§ pound | 
to be dialyzed is placed in a piece of Visking cello-§ jective 
phane sausage wrapping of appropriate diameter. — CO™Pot 
Toluene or other preservative may be added. The by nt 
tubing is closed at either end by careful knotting 1B gi... 
the use of screw-clamps. The sac F is then immersed moted : 
in distilled water in the chamber EZ. It is kept from ously ay 
sinking to the bottom and stopping up the water inlet he enga 
by means of several indentations in the glass tube al ol : 
S. The top of the tube Z is ground to take an inter FF less, tor 
changeable glass joint. By means of two male glas 
joints sealed to a piece of bent glass tubing, the d: 
alyzing chamber is connected to the boiling flask D. 
A steam plate, C, provides the heat for boiling the 
liquid in the 3-neck, round-bottom flask. Throug! 
one neck of the flask is a capillary, J, and the gas draw A BAL 
through it first may be made to pass through toluent™ seme: 
or caprylic alcohol to minimize bacterial growth ff peared 
foaming. The vapors from the flask are condensed itf first pa 
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a series of condensers L, K, and K’. The condensed 
water is conveyed through the tube J to the bottom of 
the dialyzing chamber FE. Thus a fresh supply of dis- 
tilled water is constantly flowing past the sac F. The 
volume of the dialysate is kept constant and small. 
To prevent loss of water and to prevent flooding, each 
bulb condenser, K and K’, should be at least 500 mm. 
long and arranged at an angle rather than placed 
vertically. The rigidity of this all-glass apparatus is 
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minimized by the use of a semiball joint, H, at the point 
of maximum strain. 

If it is not essential to eliminate all rubber, tube A 
may be made of two pieces, rubber-connected, to reduce 
rigidity. Also, stopper B may be of rubber. The 
introduction of the tip of a small buret through a hole 
in a rubber stopper at B allows toluene or caprylic 
alcohol to be introduced into the system more efficiently 
than through the capillary J. 


Of Serendip and Sisyphus 
EARL K. FISCHER 
Interchemical Corporation, New York City 


R a long time we have sought in diverse ways to inspire a 
series of articles on the technique of scientific experimenta- 
tion, but our efforts have been unavailing, although many pros- 
pective authors were approached. It is no surprise that our own 
group of literateurs should feel some reserve since the general 
literature of scientific method could hardly be called adequate. 
Nevertheless, this self-effacement is perplexing, and we herewith 
set out to write an introduction to this grievously needed dis- 
course. Because the subject is a large one and space is limited, 
our first concern will be with certain very special terms essential 
for a proper understanding of so challenging a topic. 

The first of these terms is serendipity. 

Many centuries ago in the ancient land of Serendip (now called 
Ceylon) there lived three princes who, possessed of great curios- 
ity, delighted in traveling over the island, mingling with the 
common people, observing and experiencing life as it was lived 
outside the cloistered palace grounds. They were always meet- 
ing adventure, sometimes by chance, but more often led by a 
sagacious perception, they managed to partake of exhilarating dis- 
coveries, 

Thus came the word serendipity, coined by Horace Walpole 
in 1754 and to this day eschewed by most American dictionaries. 
The word is duly recorded in the Oxford Dictionary where it 
is defined as ‘the faculty of making happy and unexpected dis- 
coveries by accident.” 

To one who spends his days and nights in a research laboratory 
serendipity is not a new phenomenon. Stories abound of chance 
discoveries. As an example of serendipity, consider the hypo- 
thetical case of an organic chemist who in trying to make a com- 
pound by a new and involved procedure fails in reaching his ob- 
jective but achieves, instead, a remarkable new and unexpected 
compound which foams and suds and proves to be a good wetting 
agent. That’s serendipity. 

Another word for our special glossary is sisyphean. 

Sisyphus was a legendary king of Corinth. As a ruler he pro- 
moted navigation and commerce, but as a person he was notori- 
ously avaricious and deceitful. When Death came to fetch him, 
he engaged in the craftiest wiles in a vain effort to cheat his way 
out of certain doom. It was of no use, however, and as a con- 
Sequence Sisyphus was condemned in the nether world to an end- 
less, tormenting punishment: he was compelled to roll a great 


stone to the top of a high hill, but before it reached the top it 
slipped and rolled again to the bottom, and Sisyphus was forced 
tostart over. This has been going on and on for eons and eons. 

Sisyphean, the adjective, is old too, dating back to 1635. It 
means, aS you can guess, an endless, ineffectual effort. There 
are times, unfortunately, when laboratory tasks appear sisyphean, 
leading to bad dreams and all sorts of petulance. 

It is extraordinarily easy to write out a sisyphean program and 
to start work all unaware that the task is beyond a normal life 
span. For an example, suppose that 100 reagents were to be 
tested with 100 pigments and 100 paint vehicles. With the 
total number of different pigments and vehicles commercially 
available, such a program is not at all inconceivable. Just the 
same, the job stretches out to approximately 10® or 1,000,000 
experiments. At 10 per day (with all the notebook work, report 
writing, and telephone answering to steal additional time) this 
would take 100,000 days or nearly 300 years (counting Sundays). 
Fortunately human beings are strongly averse to sisyphean tasks. 

There are many (and this includes the more literate of the 
New York newspapers) who use the word herculean with the 
same meaning as sisyphean, but at this juncture, we should like 
to risk an excursion into the morass of semantics to point out an 
important distinction. Hercules, the father of the adjective, was 
famed for his great strength and accordingly, herculean refers 
to something big, colossal, immensely heavy. A herculean task, 
for example, could be a single problem requiring today extra- 
ordinary mental strength and physical fitness; but a sisyphean 
task is one of minute importance but which must be performed 
routinely without respite. A herculean task, in other words, 
requires brains, but a sisyphean task requires merely brawn. 

Never have we heard the word serendipity used. Sisyphean is 
used so rarely that to hear it is almost a shock. Just in case 
there should come a time when in the interests of precise diction 
only these words will do, a note on their pronunciation is included. 

Serendipity is pronounced sehr-en-dip-i-ty, accenting the 
“dip.”” Serendipitous also accents the ‘‘dip’’ with a secondary 
accent on “sehr.’’ Sisyphus is not soeasy. Accent is on ‘“‘sis’’— 
sis-i-fus. For the adjective, sisyphean, primary accent is on ‘“‘phe’”’ 
with a secondary accent on ‘‘sis.”’ 

A few minutes practice brings proficiency.—Jnterchemical 
Review, 3, 18-19 (1944). 


CORRECTION 


A BAUSCH & LOMB OPTICAL COMPANY adver- 
tisement entitled ‘Pattern for postwar progress’’ ap- 
peared in the August issue of this publication. The 
first paragraph of this ad should have read: 


Here are the portraits of two of today’s metals— 
brass and steel. From these and other metals, many 
of them developed as a result of wartime needs, will 
come the new alloys of tomorrow. 





Out of the Editors Basket 


F YOU have a class of bright chemistry students we 

suggest that you try the following item on them, to 
see if they can find ‘‘what is wrong with this picture.” 
The item is part of a news release we received recently. 
Someone must surely have forgotten what little he 
learned in his civilian defense course on Protection 
against Gas: 

Gas, used to maim and destroy human beings in World War I, 
is doing a productive service in this war—helping industry to 
turn out better fighting weapons faster. 

‘‘Without heat treating, which is dependent upon gases called 
protective atmospheres, we couldn’t produce our modern bomber 
and fighter planes,’’ Dr. A. Allan Bates of the Westinghouse 
Research Laboratories said today. 


@ Anyone interested in keeping up with the research 
on insecticides, particularly the development of DDT, 
will want to have a bulletin recently issued by the 
Bureau of Entomology and Plant Quarantine, of the 
U. S. Department of Agriculture, entitled, ‘A list of 
publications on 2,2-bis(parachlorophenyl)-1,1,1-tri- 
chloroethane (called DDT from 1874 to April 30, 1944, 
inclusive),’’ by R. C. Roark. 


e@ Asingle sheet of ultra-transparent plastic, blown like a 
soap bubble by a radically new ‘‘air-forming”’ technique 
now gives Republic Thunderbolt pilots greatly im- 
proved vision in all directions, cuts weight and thus in- 
creases range, speeds up assembly, and reduces wind- 
resistance and drag. Now in mass production at the 
Bristol, Pennsylvania, plant of Rohm & Haas Com- 
pany, who developed the new Plexiglas bubble in co- 


4 AN B, ¥. vo : 
PRN Me 


gta 
a 


. Courtesy of Rohm & Haas Company 
GLEAMING Rows OF PLEXIGLAS ‘“‘BUBBLES” WAITING TO BE 
TRIMMED AND FINISHED AT THE BRISTOL, PENNSYLVANIA, PLANT 
oF Roum & Haas ComMPANY, DEVELOPERS OF THE REVOLU- 
TIONARY ONE-PiEcE Cockpit CANOPY. FORMED BY A SPECIAL 
Process DESIGNED TO PRESERVE THE EXCELLENT OPTICAL 
PROPERTIES OF PLEXIGLAS, THE NEW STYLE Canopy Has BEEN 
ACCLAIMED BY PILOTS PARTICULARLY BECAUSE OF THE IMPROVED 
REAR VISION. 


operation with Army and Republic engineers, the one- 
piece canopy eliminates the struts and frames formerly 
used, and is actually more transparent than window 
glass. 

Pilots, flying these newly announced Thunderbolts, 
praise the increased protection offered by all-around 
vision—for ‘‘now it’s easy to see who’s on our tail.” 

Plexiglas has long been used for bomber noses, gun 
turrets, and observation domes of America’s military 
aircraft. The announcement today of the new Plexi- 
glass ‘‘bubble’’ canopy not only indicates a trend in cur- 
rent aircraft design but points toward wider postwar 
applications in the automotive, marine, and archi- 
tectural fields. 


@ Penicillin for the public has become a reality. More 
and more big new plants have lifted production of 
the wonder drug from bottles in the laboratory to 
three-story-tall tanks. In gleaming clean factories the 
mold is grown and processed in batches thought im- 
possibly huge short months ago. This expansion of 
penicillin production from the bottle to the vat was it- 
self a triumph of technology. But the medicinal mold 
is delicate and unstable stuff. The other half of the 
penicillin problem was to concentrate great quantities 
of the drug so it would keep indefinitely in the little vials 
which carry its lifesaving power all over the world. 
Freezing the drug, then drying off the ice was the tech- 
nical answer. But the quantities planned demanded 
development of a whole process to handle such volume. 

In the process eventually developed, the carefully 
cultured and concentrated solution of the drug is 
dried, while frozen, under high vacuum. Heart of the 
process is that moisture and air are pumped inde- 
pendently of each other, while the whole system of 
cabinets, manifolds, and ice chambers is kept under 
vacuum 30,000 times less than normal air pressure. 
Even so simple a thing as a valve must be specially engi- 
neered and manufactured to avoid leakage at such pres- 
sures. 

Developed to move high vacuum from the laboratory 
to the factory, proved in plasma and penicillin instal- 
lations, the High Vacuum Diffusion Process has many 
applications in the food and drug fields. Vaccines and 
bacteriologicals are typical heat-sensitive materials 
which can be dried successfully at low temperature and 
high vacuum. Fruit juices and fats are notoriously 
difficult to dehydrate. One food product possible with 
modern vacuum engineering is a powdered orange juice 
which, reconstituted with plain water, has all the color, 

\flavor, and vitamin content of the fresh-squeezed fruit. 


@ Department of State Publication 2137 (obtainable 
from the Superintendent of Documents, Government 
Printing Office, Washington, D. C., for 15 cents) is et- 


“The cultural-cooperation program, 1938 
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Chlorination Procedures 


for the Elementary Organic Course 
I. The Chlorination of Representative Hydrocarbons 


HAROLD B. CUTTER and HERBERT C. BROWN 


Wayne University, Detroit, Michigan 


SURVEY of a number of the more popular labora- 
tory manuals indicates that few, if any, courses 
in elementary organic chemistry include experiments 
involving the direct chlorination of organic compounds. 
This omission of experiments illustrating a very im- 
portant reaction of organic chemistry is probably due 
to the inconveniences and dangers attending the use 
of chlorine from tanks by a large group of students. 

The desirability of rectifying this omission has re- 
cently been pointed out by Cheronis, who has proposed 
that the difficulty mentioned be avoided by carrying 
out the chlorination on a semimicro scale, using chlorine 
which is generated by the student as part of the experi- 
ment.! Another means of remedying the situation is 
proposed in the present paper—the adoption of sul- 
furyl chloride as the chlorinating agent. 

Sulfuryl chloride is a convenient chlorinating agent 
of marked versatility. In the presence of small quan- 
tities (0.1 to 1.0 mole per cent) of organic peroxides, 
such as benzoyl peroxide, aliphatic hydrocarbons and 
the side chains p aromatic hydrocarbons are rapidly 
and smoothly chlorinated by gently heating a mixture 
of the hydrocarbon and sulfuryl chloride under reflux.” 
In this way, #-heptane is chlorinated to a mixture of 
isomeric secondary and primary chloro derivatives; 
cyclohexane forms cyclohexyl chloride; and toluene 
yields benzyl chlor‘de. 


Peroxide 
n-C7Hig + SO.Cl, ———— C;H:,Cl + HCl + SO, 


H Cl 


Peroxide H>, H 


2 2 


H; He 


Hi: 
a at 


Peroxide 
+ SO.Cl, ————> + HCl + SO, 


On the other hand, if the catalyst which is added to 
the reaction mixture is composed of anhydrous alu- 
minum chloride and sulfur monochloride (1 per cent 
by weight of AlpCls-SzCle), sulfuryl chloride serves as a 


: CHERONIS, J. CHEM. Epuc., 20, 611 (1943). 
* KHARASCH AND Brown, J. Am. Chem. Soc., 61, 2142 (1939). 


vigorous chlorinating agent for aromatic nuclei.* 
With this catalyst benzene is rapidly and smoothly 
chlorinated to chlorobenzene, or if two equivalents of 
sulfuryl chloride are used, to p-dichlorobenzene. Simi- 
larly, toluene may be chloriuated by this reagent step- 
wise until all the nuclear hydrogen atoms have been 
substituted. 


ci 

| 
¢ AlCl + &Ck 7 ) 
+ SO.Cl. — 


| 
anna 


|| + SO. + HCI 
Vv 
cl 
| 
ALCk + S:Ch 7) 
280:Cl ———-—-+| _ |] + 280; + 2HCI 
V 
' 
Cl 
CH, 
f &I 


ia 

) AlLCh + S:Ch 7)” 

| || + 280:Cl——————+|_ || + 280; + 2HCI 

Cl 
The application of sulfury] chloride as a chlorinating 
agent for these and many other organic substances 
(olefins, carboxylic acids, phenols, amines, etc.) is .dis- 
cussed more fully in a forthcoming review on sulfuryl 
chloride (by H. C. B.) and need not be cons:dered here. 
Sulfuryl chloride possesses several advantages over 

chlorine as a laboratory chlorinating agent. First, it 
is a liquid, b. p. 69°, easily handled in the usual labora- 
tory apparatus, provided that such precautions are 
taken as are ordinarily employed with such common 
reagents as thionyl chloride, phosphorus trichloride, 
and acetyl chloride. Second, the quantity of chlorine 
introduced is readily controlled by simply measuring 
the liquid chlorinating agent in a graduate, without 
the necessity of either weighing a heavy tank of chlorine, 
or of halting the reaction at intervals to determine the 
increase in weight of the reaction mixture. Third, 
chlorinations with sulfuryl chloride do not proceed with 
the violence that such reactions show when carried out 
with free chlorine. (The heat of the reaction of sul- 


3 SILBERRAD ET AL., J. Chem. Soc., 119, 2029 (1921); 121, 


1015 (1922); 127, 2677 (1925). 
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furyl chloride with a hydrocarbon is roughly 20,000 
calories less than that of the hydrocarbon with free 
chlorine.) Fourth, chlorinations by means of sulfuryl 
chloride are frequently much more rapid and more in- 
dependent of external conditions than are the corre- 
sponding reactions with chlorine. For example, the 
chlorination of 100 g. of toluene to benzyl chloride by 
means of gaseous chlorine is reported to require four 
hours in bright sunlight, and a still longer period on a 
dull day.4 Chlorination of this quantity of toluene 
by means of sulfuryl chloride and peroxide is readily 
completed in less than one hour irrespective of the inten- 
sity of the illumination. Finally, sulfuryl chloride 
purchased in glass carboys is more economical than 
chlorine in tanks. 

These advantages of sulfuryl chloride suggested its 
use in chlorination experiments for the elementary or- 
ganic course. Accordingly, a number of procedures 
involving the chlorination of representative classes of 
organic compounds with this reagent were investigated. 
These procedures were then submitted to a number of 
students in the elementary organic course and tested, 
using the standard course equipment. In the present 
paper several such tested procedures for the chlorina- 
tion of hydrocarbons are described; procedures for the 
chlorination of other classes of organic compounds will 
be reported later. 

Seven typical procedures for the chlorination of 
hydrocarbons are given, primarily so that the in- 
structor may select one or possibly two experiments best 
adapted to the laboratory work of his course. 


CHLORINATION PROCEDURES 


Apparatus. For experiments involving chlorinations 
in which corrosive gases such as hydrogen chloride and 
sulfur dioxide are evolved, one ordinarily selects all- 
glass apparatus. However, since these procedures were 
primarily designed to be used in the undergraduate 
organic course, the apparatus used in the experiments 
was necessarily restricted to such simple pieces as nor- 
mally form part of the student’s equipment. Accord- 
ingly, the possibility of utilizing cork or rubber stoppers 
was investigated. Although such stoppers are some- 
what attacked in the course of a typical preparation, 
their use offered no difficulty. 

The hydrogen chloride and sulfur dioxide evolved 
could be absorbed by any of the usual devices. The 
most effective procedure was to pass the gases into 
running water by means of a trap similar to that de- 
scribed in ‘‘Organic Syntheses.’’5 A simplified version 
of this trap can be readily assembled by the student, 
using an adapter and a filter flask. 

The progress of the reaction is conveniently followed 
by noting the rate of evolution of gases (hydrogen 
chloride and sulfur dioxide). When this evolution has 
practically ceased, the reaction is over unless the 


‘CoHEN, “Practical Organic Chemistry,’ Macmillan and 
Company, Ltd., London, 1924, p. 106. 

5 GILMAN AND Bratt, ‘“‘Organic Syntheses,’ John Wiley and 
Sons, Inc., New York, 1941. Collective Volume, I, p. 91. 
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presence of inhibitors has halted the chlorination. If 
the theoretical loss in weight of the reaction flask and 
its contentsis not observed, another portion of catalyst 
should be added and the heating continued. The 
theoretical loss in weight is 100.5 g. per mole of sulfury] 
chloride used, but the loss observed is usually about 5 
per cent greater as a result of loss of volatile reactants 
in the gases evolved. 

Distillation was employed (except where the prod- 
uct was a solid) to separate the desired product from 
unreacted hydrocarbon and from higher chlorinated 
derivatives formed in the reaction. Three different 
types of distillation apparatus were investigated: 
(a) simple distilling flasks; (5) single bulb distilling 
tubes; and (c) distilling columns similar to those 
described by Fuson and Snyder.* Satisfactory results 
were obtained with all three types of equipment. The 
results reported in this paper were obtained with the 
distilling tubes. In general, the yields with the simple 
distilling flasks were somewhat lower, while consider- 
ably better yields resulted with the fractionating 
columns. 

Materials. The benzene, toluene, and cyclohexane 
used in this work were Eastman Kodak Company 
products (sulfur-free grades); the n-heptane was 
the California Chemical Company product. The sul- 
furyl chloride was obtained from the Hooker Elec- 
trochemical Company; and the benzoyl peroxide from 
the Lucidol Corporation. 

Hydrocarbons which are to be chlorinated by the 
sulfuryl chloride-peroxide process should be as pure as 
possible. In particular, it is essential that they be free 
from sulfur compounds. Such impurities frequently 
act as chain breakers and strongly inhibit the per- 
oxide-catalyzed reaction. For example, the use of a 
poorer grade of toluene containing sulfur compounds 
as impurities led to an induction period of 30 to 60 
minutes. Moreover, the product thus obtained, benzyl 
chloride, turned dark on standing. This change did 
not occur with the product obtained from sulfur-free 
toluene. The inhibitory effect of relatively small quan- 
tities of such impurities can often be minimized by 
the use of larger quantities of peroxide. 


CHLORINATION OF ”-HEPTANE 

Preparation of Monochlorohepianes. A 500-ml. 
round-bottomed flask is connected by means of a well- 
fitting cork or rubber stopper to a reflux condenser. 
The top of the condenser is connected to a gas absorp- 
tion trap. In the flask are placed 100 g. (146 ml., 1.0 
mole) of n-heptane, 67.5 g. (41 ml., 0.5 mole) of sulfury! 
chloride, and 0.5 g. (0.002 mole) of benzoyl peroxide. 
The weight of the flask and reactants should be noted. 
The mixture is heated under gentle reflux until no 
further evolution of gas is observed (40 to 60 minutes). 
The reaction mixture is allowed to cool somewhat and 
the flask and its contents weighed. If the loss i 
weight is less than the theoretical (50 g.), another por- 
tion of catalyst is added, and the heating continued 


6 FUSON AND SNYDER, J. CHEM. Epuc., 17, 588 (1940). 
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until the theoretical loss in weight is observed. When 
the reaction is over, the flask is attached to a distilling 
tube and downward condenser, and the mixture is 
carefully fractionated. The following fractions are 
obtained: below 110°, 53 g.; 110 to 140°, 24 ¢.; 140 
to 160°, 30 g.; above 160°, 20 g. 

The 140 to 160° fraction contains the product, a 
mixture of 1-, 2-, 3-, and 4-chloroheptanes.. This mix- 
ture cannot be separated with the apparatus described, 
although with a more efficient column the n-heptyl 
chloride may be separated from the 2-, 3-, and 4-, 
chloro isomers.? 


Sulfuryl chloride, b. p. 69°, d. 1.667. 
n-Heptane, b. p. 98.5°, d. 0.684. 
1-Chloroheptane, b. p. 160°, d. 0.873. 
2-Chloroheptane, b. p. 143°, d. 0.867. 
3-Chloroheptane, b. p. 144°, d. 0.869. 
4-Chloroheptane, b. p. 144°, d. 0.871. 


Pertinent data: 


CHLORINATION OF CYCLOHEXANE 


Preparation of Cyclohexyl Chloride. The apparatus 
employed is the same as that described for the chlorina- 
tion of m-heptane. In the flask are placed 84 g. (100 
ml., 1.0 mole) of cyclohexane, 67.5 g. (41 ml., 0.5 
mole) of sulfuryl chloride, and 0.5 g. (0.002 mole) of 
benzoyl peroxide. The mixture is heated under 
gentle reflux for 45 to 50 minutes. At this time the 


evolution of gas should have ceased. The loss in weight 
should be 50 g. The flask is then connected to a one- 
bulb distilling tube and downward condenser, and 
the mixture is carefully distilled at the rate of about 


1 ml. per minute. The following fractions are col- 
lected: below 90°, 38 g.; 90 to 141°, 6 g.; 141 to 147°, 
32 g.; above 147°, 15g. 


Cyclohexane, b. p. 81.4°, d. 0.779. 
Cyclohexyl chloride, b. p. 142.5°, d. 1.000. 


Pertinent data: 


CHLORINATION OF BENZENE 


Preparation of Monochlorobenzene. The apparatus 
is the same as that described for the chlorination of n- 
heptane. In the flask are placed 47 g. (53 ml., 0.6 
mole) of benzene and 2.0 g. of anhydrous aluminum 
chloride. A mixture of 54 g. (32 ml., 0.4 mole) of sul- 
fury] chloride and 0.5 g. of sulfur monochloride is added 
in four or five portions through the top of the condenser 
over a period of approximately 10 minutes. Each por- 
tion is added as soon as the gas evolution caused 
by the previous addition has almost stopped. The 
flask is gently warmed from time to time to keep the 
reaction proceeding at a convenient rate as judged by 
the rate of evolution of gas. The reaction is complete 
in from 30 to 60 minutes. To insure complete reaction, 
the mixture is gently heated toward the end of the 
period. Water (100 ml.) is added to the reaction 
mixture, the flask is connected to a downward conden- 
ser, and the mixture distilled until about 100 ml. of dis- 
tillate have been collected. Several grams of a slightly 
volatile oil and about 50 ml. of water remain in the 
distilling flask. The distillate is placed in a separatory 
funnel. If there is any difficulty in obtaining a clear- 
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cut separation of the two layers, 5 to 10 g. of calcium 
chloride are added and the mixture shaken until the 
salt dissolves. 

The nonaqueous layer is transferred to an Erlenmeyer 
flask, dried for 15 minutes with 5 g. of calcium chloride 
and distilled through a one-bulb distilling tube. The 
following fractions are collected: 80 to 90°, 12 g.; 
90 to 128°, 3g.; 128 to 136°, 20 g.; above 136°, 11 g. 


Benzene, b. p. 80°, d. 0.879. 
Monochlorobenzene, b. p. 132°, d. 1.107. 
o-Dichlorobenzene, b. p. 182°. 
p-Dichlorobenzene, b. p. 178°, m. p. 53°. 


Pertinent data: 


Preparation of p-Dichlorobenzene. The apparatus 
is the same as that described for the chlorination of n- 
heptane. In the flask are placed 16 g. (18 ml., 0.2 
mole) of benzene and 0.5 g. of anhydrous aluminum 
chloride. A mixture of 54 g. (32 ml., 0.4 mole) of sul- 
furyl chloride and 0.6 g. of sulfur monochloride is added 
in four or five portions through the top of the condenser 
over a period of about 10 minutes (the stopper connect- 
ing the condenser to the absorption trap being removed 
only long enough to add the material). Each portion 
is added as soon as the gas evolution caused by the 
previous portion has almost stopped. The flask is 
gently warmed from time to time to keep the reaction 
proceeding at a convenient rate, as judged by the 
rate of evolution of gas. A simple means of judging 
the rate of the reaction is to observe the surface of the 
reaction mixture; when this surface is almost entirely 
covered with bubbles of the gas being evolved, the 
reaction is proceeding at a satisfactory rate. When the 
reaction has ceased, water (100 ml.) is added, the flask 
connected to a downward condenser, and the mixture 
distilled. Crystals of p-dichlorobenzene tend to collect 
in the condenser. Whenever the amount of such 
crystals appears liable to obstruct the passage of the 
steam, water is drained out of the condenser, and 
steam passed through until the crystals have melted 
and collected in the receiver. Approximately 100 ml. 
of distillate are collected in the receiver, a 250-ml. 
Erlenmeyer flask. This flask is then placed in an ice 
bath and cooled to 0°. The water and a small amount 
of oil are decanted from the crystalline material. A 
mixture of 50 ml. of ethyl alcohol and 3 ml. of water 
is added to the receiver, and the mixture is heated on the 
steam bath until the crystals dissolve. Upon cooling, 
crystals of p-dichlorobenzene separate. (The flask 
may be cooled in ice to insure a more complete crystalli- 
zation and better yield.) The crystals are collected 
on a filter and dried on a porous plate. The yield is 
10to1lg. The product melts at 51 to 53°. 


CHLORINATION OF TOLUENE 


Preparation of Benzyl Chloride. The apparatus 
employed is the same as that described for the chlori- 
nation of n-heptane. In the flask are placed 46 g. 
(53 ml., 0.5 mole) of toluene, 67.5 g. (41 ml., 0.5 mole) 
of sulfuryl chloride, and 0.5 g. of benzoyl peroxide. 
The mixture is heated under gentle reflux for about one 





hour. The reaction is vigorous, and for some time af- 
ter it has started no external heat is needed. The loss 
in weight should be 50 g. The mixture is then dis- 
tilled through the one-bulb distilling tube and down- 
ward condenser, and the following fractions are col- 
lected: below 178°, 20 g.; 178 to 182°, 36 g.; above 
183°, 5 g. 


Pertinent data: Toluene, b. p. 110°, d. 0.866. 


Benzyl chloride, b. p. 179°, d. 1.103. 
Benzal chloride, b. p. 207°. 


Preparation of 2,4-Dichlorotoluene. A 500-ml. two- 
necked flask is connected by means of a well-fitting 
cork or rubber stopper to a reflux condenser, the top 
of which is connected to a gas absorption trap. The 
other opening of the flask is fitted with a small dropping 
funnel. In the flask are placed 18.5 g. (22 ml., 0.2 
mole) of toluene and 0.5 g. of anhydrous aluminum 
chloride. Through the dropping funnel a mixture of 
56 g. (33.5 ml., 0.4 mole) of sulfuryl chloride and 0.6 g. 
of sulfur monochloride is added over a period of 30 
minutes. There is a vigorous reaction which is con- 
trolled by the rate of addition of the mixture of sulfury] 
chloride and sulfur monochloride. (In the course of the 
reaction, the mixture becomes deep purple in color.) 
After all of the chlorinating agent has been added, the 


reaction is completed by heating the mixture for 10, 


minutes on a vigorously boiling water bath. Water 
(200 ml.) is then added to decompose the aluminum 
chloride. The flask is connected to a downward con- 
denser and the mixture distilled until 175 to 200 ml. 
of distillate have been collected. A small amount of 
higher chlorinated material remains in the flask, but 
further distillation is not profitable. The distillate is 
separated in a separatory funnel, the organic layer 
dried over calcium chloride, and then carefully dis- 
tilled from a 50-ml. distilling flask. (A distilling tube 
is not advised in this case, since the higher temperatures 
required for distillation cause some decomposition.) 
The following fractions are collected: below 195°, 
8g.; 195 to 205°, 20 g.; above 205°, 2 to3 g. 
o-Chlorotoluene, b. p. 159°, d. 1.0817. 


p-Chlorotoluene, b. p. 162°, d. 1.0697. 
2,4-Dichlorotoluene, b. p. 198°. 


Pertinent data: 


(This preparation is the least satisfactory of those 
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described. It is sensitive to variations in the amount 
of catalyst and the time of heating. If the reaction 
conditions are not carefully adjusted mixtures contain- 
ing mono-, di-, and polychlorotoluenes are obtained.) 

Preparation of Pentachlorotoluene. The apparatus 
is the same as that described for the preparation of 
2,4-dichlorotoluene. In the flask are placed 18.5 g. 
(22 ml., 0.2 mole) of toluene and 1 g. of anhydrous 
aluminum chloride. The flask is immersed in a water 
bath at 15° and 162 g. (100 ml., 1.2 mole) of sulfuryl 
chloride containing 0.8 ml. of sulfur chloride are added 
through the dropping funnel as rapidly as possible 
without causing too vigorous a reaction. The mixture 
is kept in the water bath until the reaction has practi- 
cally ceased (approximately 15 minutes). Then the 
water bath is removed and the mixture allowed to 
warm to room temperature. When the reaction has 
again slowed down the flask is heated on a water bath 
so that a gentle evolution of gas takes place. The tem- 
perature is finally raised to 67 to 70° and maintained 
there until the mixture has solidified. The heating is 
then continued at 70° for 15 minutes and finally raised 
to 100° and maintained there for the same time. In 
all, two to three hours of heating are required. Water 
(200 ml.) is then added and the mixture boiled to de- 
compose unreacted sulfuryl chloride. The water is 
decanted. The lumps of pentachlorotoluene are broken 
up and boiled for 5 minutes with 250 ml. of ethyl al- 
cohol to remove the lower chlorinated products. The 
hot alcohol is decanted from the solid. The penta- 
chlorotoluene is then dissolved in 240 ml. of hot ben- 
zene. The solution is filtered to remove undissolved 
material and the filtrate cooled to 10°. The penta- 
chlorotoluene separates in fine white needles. These 
are collected on a Biichner funnel and washed with 
200 ml. of cold alcohol in several portions. There are 
obtained 25 g. of a white crystalline material, melting 
at 198 to 210°. 


Pertinent data: Pentachlorotoluene, m. p. 218°. 
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OUT OF THE EDITOR’S BASKET (Continued from page 442) 


1943.”’ It contains an excellent summary of the efforts 
in the last few years to stimulate international exchange 
of students and professors and to cooperate in general 
international education. Among many interesting 
items we were rather proud to note that the JOURNAL 
OF CHEMICAL EpucaTION is one of 63 journals which 
are regularly microfilmed and sent to China. 


e Diligent research by match manufacturers has 
yielded a water-resistant match that will prove a boon 


to service men in jungle areas where ordinary matches 
are impaired by climatic conditions. 


Laboratory studies indicate that the “waterproof” 
match will withstand immersion in water for a longer 
period than any of the various types of water-resistant 
matches that have been produced thus far. Further 
field tests to determine the efficiency of the new match 
under actual operating conditions are now being car- 
ried on by the armed services. 





Bobby’s Interest in Chemistry 


ALFRED WEISSLER 
Washington, D. C. 


OBBY and I came in from a strenuous hour of 
tennis, during which I had strained my back. I 
asked him to rub it in for me with oil of wintergreen. 
As the pungent fragrance filled the room, he asked 
(retaining even at the age of 12 some of that precious 
gift of curiosity which God grants to children), ““What 
sort of stuff is that, anyway? It smells just like chew- 
ing gum.” 

“They do use it for flavoring gum. There’s a plant 
called wintergreen; if you press out its stem and 
leaves, you get this oil. But it was pretty expensive 
until chemists found that they could make the same 
thing in the laboratory, from wood alcohol and aspirin.” 

“How can they use it for gum?” exclaimed Bobby. 
“Wood alcohol is a poison.” 

“No matter. Chemistry changes its nature com- 
pletely. Why, pineapple flavor is made from stale 
butter and wood alcohol; and all the vanilla flavor on 
the market is made artificially, some of it from carbolic 
acid and chloroform. But they are perfectly healthful, 
and just as satisfactory as the more expensive natural 
flavors.” 

He was very skeptical, I could see. It might be 
better not to tax his faith in me to the breaking point, 
so we talked of other things until he finished the rub- 
down. 7 





“Alfred, Alfred! Core here, look at this!” 
It was Bobby, insistent, breaking in on my day- 


dreaming a few days later. After a little preliminary 
grumbling, I arose and entered his room. His face 
shone as he held up to my inspection two pencil draw- 
ings filled in with water colors. 

The vividness and variety of the coloring aroused a 
comment from me: ‘Where did you get all those 
colors?” 

Mistaking my ejaculation for an interrogation, and 
eager to show off his knowledge, Bobby began to ex- 
pound: ‘‘By mixing the ones in the paint-box. You 
mix yellow and blue, and you get green. Red and blue 
gives you purple. Yellow and red gives orange. Then 
you can mix green and orange, and get...” 

“Wait a minute,” I interrupted. “If you mix red 
and white, what color do you get?” 

“Pink. That’s easy,” he exclaimed. 
green and orange...” 

“Are you absolutely sure that it’s pink?” 

“Of course,” he answered impatiently. “Orange and 
gr—” 

“Come with me,” I said, leading the way to my 
laboratory bench. ‘Now, in one hand I have a test 
tube of red liquid, in the other, white. I mix them, 
and what is the color?” 


“If you mix 


“Blue.”! At the very least, Bobby was surprised. 
“How did you do it? What is it, magic?” 

“It’s not magic at all, just plain ordinary chemistry. 
Here’s something else for you,’’ I said, pouring some 
water from a flask into a beaker. ‘“‘You probably know 
that nearly nine-tenths of milk is water. But did you 
ever wonder whether nine-tenths of water could be 
milk?” 

And just as I finished speaking, the water in the 
beaker changed to milk.? 

By now, Bobby’s eyes were almost popping out of 
his head in amazement. He begged me to teach him 
how to do such wonderful things, too. I answered 
that soon, perhaps, I would. 





The next day, we were strolling past the site where 
the new Central Post Office was in construction. We 
stopped for a while, to watch how the big steel girders 
were hoisted into place and secured there by red-hot 
rivets, to the accompaniment of the hellish clatter of 
the compressed-air hammer. 

As we walked away, Bobby remarked, ‘“‘What a lot 
of iron they use for a building like that.” 

“Tt’s not really iron at all, but steel,’’ I replied. 

‘“‘What’s the difference?’’ he asked belligerently. 

“Pure iron is so soft that it would be worthless to use 
in girders for supporting a building. But by mixing 
it with small amounts of other metals and with carbon 
(which is what coal and pencil ‘lead’ are, mostly) the 
chemist helps make steels exactly suited to thousands 
of separate uses. 

“Certain kinds are good for girders; others, for the 
spring in your wrist watch. Some kinds are good for 
kitchen cutlery, and some for the jaws of rock-crushing 
machines, and some for automobile bodies. As a 
matter of fact, you can go to a chemist and order a 
metal with any strength, elasticity, hardness, etc., 
that you want; and he’ll sit down and work out on 
paper the exact proportions of the various metals: 
necessary. Then, when it’s actually made, the finished 
alloy will be just what you wanted.” 

My harangue silenced him for a few minutes. Then 
he observed, “‘I guess you think chemistry is the most 
important thing there is.” 

“Well, it’s at least one of the most important. 
Chemistry studies all matter, everything that exists. 
You can do a lot of showy tricks with it. But, more 
important, it is a necessary part of every minute of our 

1 The red liquid is a solution of cobaltous chloride; the white, 
a suspension of lime. Mixing them produces a blue precipitate 


of cobaltous hydroxide. 
2 The beaker contained a little concentrated sodium bisulfate 


solution. Into it is poured photographers’ hypo. In a few sec- 
onds there appears a precipitate of colloidal ‘“‘milky”’ sulfur. 
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lives; of the clothes we wear, the food we eat, the 
houses we live in, the industries we make our living 


in.” 





That evening I left Slosson’s ‘Creative Chemistry”’ 
lying on a table where Bobby would see it. He 
opened it casually, as he does almost any book, and 
began reading. The clear, light style soon caught his 
interest, and in a half-hour he was enthusiastically 
reading about the contributions of chemistry which 
are so essential to our present material civilization. 

It rained on Tuesday of the next week. After lunch 
I puttered around with my chemicals, finally setting up 
the apparatus for generating oxygen. Bobby stood 
near, curious about all this clamp-fastening and fitting 
of glass tubing into rubber stoppers; when at length I 
started heating the test tube, he offered to help by 
holding the burner. 

The bubbles, which rose from the delivery tube 
through the water into the collecting bottle, seemed to 
keep Bobby fascinated until we had filled all three of 
our bottles. 

“What's in there?” he asked. 
plain air.”’ 

To answer, I thrust a glowing shaving of wood into 
one of the bottles. It flared up and burned vigorously. 


“Tt looks like just 
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“The stuff in there,” I continued, ‘is what makes 
things burn, and what keeps every living thing alive: 
it is called oxygen. They take it out of the air, in 
which it is mixed with a lot of other things, but in these 
bottles we have it pure. Did you ever see iron burn?” 

“No. It doesn’t burn, of course.”’ 

I put a wad of steel wool into the flame for a moment, 
and then threw it into a bottle of the gas. It ignited 
immediately and gave off a brilliant, almost blinding 
light. 

For a few seconds, Bobby stood speechless with 
surprise; then he asked if he might help me more often 
and sometimes even work himself. Hesitantly and 
provisionally, I consented. 

That was four years ago. First, he dug up in the 
public library a book of simple experiments for the 
boy chemist. Then he began to perform the experi- 
ments described monthly in Popular Science, eventually 
becoming a regular subscriber to that periodical. 

His interest has grown until it is at least as great as 
mine. In high school, his best marks were in the 
physical sciences. Most of his recreational reading 
lies in chemistry. Although we have emphasized 
the struggling and privation it entails, he has retained 
with increased intensity his burning ambition to become 
a research chemist. 


Misconception ? 


A PROMINENT New York firm of sugar brokers sent this 
item to their customers and the press in one of their regular re- 
leases of ‘‘News Matter”: 

“Dental decay not caused by sugar. One of the greatest de- 
terrents to the use of sugar and sugar-containing products is the 
popular misconception that sugar harms the teeth of both children 
and adults. 

“Recent scientific studies indicate, however, . . . that where 
sufficient quantities of fluorides, calcium, and phosphorus are 
present in food or water, dental decay is almost negligible. 

“Although these scientific studies—like the vitamin studies— 
are being continued, they do indicate an important trend in 
dietetics. 

“Food processors may find it advisable to analyze their products 
to see what amount of these minerals they already contain and 
how they can be added economically.” 

The scientific world will take exception to two points in this 
memorandum. The first is the statement that the idea that sugar 
harms the teeth is a ‘popular misconception.”” And the second 
is the idea that food processors should seek means of incorporat- 
ing fluorides in their products. 

As to the idea that sugar has been falsely indicted in the popular 
mind as a causal item in dental decay, there is a great weight of 
clinical as well as experimental evidence to demonstrate that 
sugar is in many cases responsible for creating the environment 
which best favors the growth of undesirable mouth bacteria. 
Current work with the antihemorrhagic vitamin (vitamin K) is 
based on the premise that the sugars are broken down by these 
bacteria into acids which attack the teeth, and that the vitamin 
tends to keep the pH of the oral cavity at a higher level, thus re- 
ducing tooth decay. 

It is specious to argue that it is not the sugar but the sugar 
acids, or the bacteria which form them, which cause dental decay, 
if the sugar itself provides the basic medium from which the 
whole cycle of destruction emanates. No, we think doctors and 


nutritionists generally will agree that the idea that sugar harms 
the teeth is no “popular misconception.” It is one of those in- 
escapable facts which should and must be faced squarely by the 
sugar-using industries if they wish to earn the respect and con- 
fidence of the authorities and general public. 

The way to amend the situation is not to declare that the evil 
does not exist, but to take such corrective measures as are being 
developed which will ameliorate or offset its effects. 

We come to the second point in our friend’s memorandum. We 
are in full sympathy with the movement to enrich candy and other 
sugar-rich products with nutritive elements which will raise the 
general level of their dietetic acceptance. But we shudder to 
think what would happen if some dumb guy in Mullawalla should 
get the idea that he could put out a ‘‘tooth-safe’”’ product by in- 
corporating some ‘‘fluorides’’ in it on a pinch or teaspoon basis. 

Fluorides, let it be known, are among the most potent death 
dealers in the toxicologist’s arsenal. If their use in preventing 
tooth decay is ever to be worked out on a safe basis, it will most 
likely have to be by supervised treatment of public water sup- 
plies. We doubt very much that federal or state authorities could 
ever bring themselves to countenance the addition of such a sub- 
stance to normal foods. 

What may indeed come about, is that the water supply used by 
the processor will have been previously treated at the water plant 
under adequate scientific safeguards. This would take care of the 
extremely dangerous dosage factor involved, for fluorine is one 
of those elements that you want so little of, that it ‘‘almost 
ain’t.”” No legitimate food processor will care to assume re- 
sponsibility of incorporating this element in his products by the 
conventional direct route once he realizes what it would mean to 
him and to his business if a disgruntled or careless employee should 
some day make a “slight error” in measuring or mixing this 
poison in his batch. 
—Reprinted, with permission, from Food 
Materials and Equipment. 
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Efficiency in Extraction with Solvents 


J. G. SHAREFKIN and J. M. WOLFE 
Brooklyn College, Brooklyn, New York 


HE student in organic chemistry frequently meets 

the problem of the most efficient use of an im- 
miscible solvent in extracting a solute from its solution. 
This operation is based upon the Law of Partition, also 
called the Distribution Law, which states that at a 
given temperature a solute will distribute itself between 
two immiscible solvents so that at equilibrium the ratio 
of its concentration in each is equal to the ratio of its 
solubility in each. The distribution coefficient is ob- 
tained from the expression 


the distribution coefficient, 

the solubility of the solute in the extractant, 

the solubility of the solute in the solution solvent, 

the weight of the solute in solution before extrac- 
tion, 

the weight of solute in V, volume of extractant 
after extraction, 

the weight of solute in Vo volume of solution after 
extraction. 


en 


The limitations of the Distribution Law must be 
understood if it is to be applied rigorously.' It can 
be used only with dilute solutions and there must be 
no change in the mutual solubility of the two solvents 
as the concentration of the solute is altered, a condition 
generally not realized experimentally. Corrections 
must be applied where dissociation (acetic acid into 
its ions), association (benzoic acid exists as a double 
molecule in benzene), or chemical reaction (bromine and 
water) takes place in either or both phases. Corrected 
equations may, however, be employed to determine the 
nature of such changes in the solution process. Ex- 
amination of the distribution coefficients? listed in 
Table 1 reveals large variations in this constant with 
different concentrations of solute. 

If equation (1) is transposed to the form 


p = Ke ‘ 

gag” FE @) 
it is apparent that the two factors determining the 
amount of solute extracted are the distribution co- 
efficient and the ratio of the volumes of the two phases. 
The operation of these factors in the extraction of 1000 
ml. of a solution containing 100 g. of solute is indicated 
in Table 2. Equation (2) may also be used to illustrate 
the principle that greater efficiency is obtained by using 
a given volume of extractant in repeated extractions 


' TayLor, ‘‘Treatise on Physical Chemistry,’’ D. Van Nos- 
trand Company, New York, 1930, 476 pp. 

* “International Critical Tables,’’ Vol. 3, p. 418, McGraw-Hill 
Book Company, Inc., New York, 1928. 


TABLE 1 


VARIATION OF THE DISTRIBUTION COEFFICIENT WITH SOLUTE CONCENTRA- 
TION FOR AQUEOUS SYSTEMS 


Equilibrium Distribution 
Molar Conc. Coe ficient 
in Extractant (K) 


.02 
-08 
.10 87.5 
-05 
-10 
0 

0 

0 

.001 
005 


Extractant 


Carbon tetra- 
chloride 


Solute 
lodine 


Acetic acid Ethyl ether 


Trimethyl- Ethyl ether 


amine 


1 
0 
0 


Aniline Toluene 
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TABLE 2 


WEIGHT oF Sotute (100 G./1000 M1.) ExtractEep as A FUNCTION oF Drs- 
TRIBUTION COEFFICIENT AND VOLUME OF EXTRACTANT 


Volume of Extractant (Ve) 

Coe ficient (K) 500 M1. 1000 M1. 2000 M1. 
1 33.3 g. 50.0g 66.7 g. 
2 50.0 66.7 80.0 
3 60.0 75.0 85.7 


Distribution 


with small portions. The weights of solute removed 
on treating 1000 ml. of a solution containing 100 g. of 
solute with a total volume of 1000 ml. of extractant 
in small aliquot portions are given in Table 3. 


TABLE 3 


WEIGHT or Sotute (100 G./1000-MI. Sotn.) ExtTRAcTED IN MULTIPLE Ex- 
TRACTIONS WITH SAME TOTAL VOLUME OF EXTRACTANT (1000 MI.) 
Distribution Coefficient 


Extraction Method P K=2 K =3 


Extracted once with 1000 ml. .Og. 66.6 ¢. 75.0g. 
Extracted twice with 500 ml. 55. 75.0 84.0 
Extracted ten times with 100 ml. : 83.8 92.8 


Calculation of the quantity of solute removed in 
repeated extractions by equation (2) is time-consuming. 
A more convenient formula can be developed based 
upon the fact that the same percentage of the total 
amount of solute present in solution is removed if the 
same volume of extractant is applied repeatedly to the 
solution. The extraction process is then seen to be 
analogous to other physical phenomena that involve 
continously decreasing quantities, e. g., radioactive 
disintegration, Lambert's Law for light absorption, 
etc. Such phenomena, in which a quantity, ‘‘a,” 
varies so that the rate of increase or decrease is con- 
stantly proportional to its value are mathematically 
analogous to an investment whose interest or deprecia- 
tion is figured continuously at a constant percentage 
rate. The “Compound Interest Law in Nature,’’® 

3 MELLOR, ‘“‘Higher Mathematics for Students of Physics and 
Chemistry,’”” Longmans Green & Company, Ltd., 1926, p. 56. 
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as Lord Kelvin termed it, can be applied to multiple 
extractions by considering the solute in solution to 
decrease at a fixed rate when the same volume of ex- 
tractant is used repeatedly. A formula for this is 
Sr = So(l — 1)" (3) 
where 
Sr = the weight of solute remaining in solution after m ex- 
tractions, 
So the original weight of solute in solution before extrac- 
tion, 
n the number of extractions, 
r the rate of extraction. 


The rate r is equal to p/a calculated from equation (2). 
Thus, for 100 g. of solute in 1000 ml. of solution ex- 
tracted with 100 ml. of an extractant whose distribution 
coefficient is 2 in this case, r is found by 


sts 
ieee ihe 0.1667 
The amount of solute remaining in solution after 10 


extractions is then 
Sr = 100(1 — 0.1667) 
log Sr = log 100 + 10 log 0.8333 
Sr = 16.15 g. 


While equation (3) is useful for determining either the 
quantity of solute extracted or the number of extrac- 
tions necessary to remove a given weight of solute it 
suffers from the disadvautaye that the rate of extrac- 
tion, r, must be recomputed each time the aliquot 
portion of extractant is altered. A more general 
equation can be obtained if the basic assumption is 
made that a solute will distribute in volume V, of solu- 
tion and V, of extractant, whose distribution coefficent 
is K, exactly as if the extractant volume were K-V, 
and the distribution coefficient were one. In an ex- 
traction with total volume of extractant V,, applied 
in ” equal amounts, each portion of the extractant will 
have the volume V,/n. By assuming the distribution 
coefficient equal to one and also making the contingent 
assumption that each aliquot of extractant applied will 
have the volume (K-V,)/n, the weight of solute taken 
up by the extractant, S,, for a single extraction where 

= lis 

(4) 
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while the weight of solute remaining in solution is 


Vo 
Sr = So Ve + * Ve 


) represents the proportion 


The fraction Ga 


of solute remaining in solution after one extraction; for 
n repeated extractions of solution volume V») with 
volume V,/n the proportion of solute in solution will 
be the same after each extraction, and the final absolute 


quantity is 
Vo n 
Sr = -Ve 
R = So Vo + ct) 


Solving the example cited above where K = 2, S = 
100 g., Vo = 1000 ml., V, = 1000 ml., and = 10, 


1000 


10 
Sr = 100 (io ‘e. xm) = 16.15 g. 





The fractional factor in equation (6) can be trans- 


formed to 
1 n —n 
—ex. K-Vv. 
met 
Now, if we let 1/x = (K-V,/n-Vo), then n 


(K-V,-x)/Vo, and expression (7) becomes 


(4S [VR 


Inasmuch as the ratio of the extractant and solution 
volumes remains constant, it may be designated as 
R = V,/Vo, so that the expression (8) for the propor- 
tion of solute remaining in solution after m washings 


becomes 
Aa @ 


where x = n/RK and both R and K are constants. 

To avoid the labor of computation as each case 
arises in the laboratory Table 4 and Figure 1 have 
been arranged so that the most advantageous condi- 
tions for extraction may be determined by examina- 
tion. The number of extractions () with equal vol- 
umes of extractant (V,/m) is tabulated against the 


TABLE 4 


PERCENTAGE OF TOTAL SOLUTE EXTRACTED AFTER ” SUCCESSIVE EXTRACTIONS WITH EQUAL PORTIONS OF EXTRACTANT 


(x = distribution coeficient,R = 


3 
75.0% 
8 


xR 
PSI 


Qoanaan 


n 
Number 
of 
Extractions 


NwRWONK DOHA 

AH eOevoarveanenorn 

. e . ° . . . ~ 
CONAN wDHAwWAS 


an 
CSSomrcamet» 


Doanmowweanoe 


0% 83.3% 
8 


volume solution 
5 6 
85.7% 
91.8 93.8 
94.7 96. 
96.1 
96.9 
97.4 
97.7 
97.9 
98.1 
98.3 
98.9 
99.3 


volume ee) 


WAH OO RH im oo 





Since 
that 
Ther 


This 
efficic 
plott 





es SEPTEMBER, 1944 















product of the distribution coefficient (K) and the 100% 
ratio of the volume of extractant (V,) to the volume of mo 
solution (Vo); the figures in the body of the table 99 
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value of the distribution coefficient, K, as the number 94 
of washings, m, is increased without limit, we seek 


ae 
Po) 
represent the percentage of total solute extracted. YY - 
; Thus, for 1000 ml. of a solution containing 50 g. of os ,. om - _ een 
rtion & solute that is treated four times with 750 ml. of an // YY P ae 
: for &f extractant whose distribution coefficient for the sys- - tee 4 ll 
with tem is 2, the product R-K = 2 X (3000/1000) m= @, / if wr 
will § and” = 4. Table 4 indicates 97.4 per cent extraction, /) 7 g bial a 
slute ot (0.974) X (50) = 48.7 g. 96 / rT 
To ascertain the minimum remaining portion of / / / if 
solute attainable with given volumes of solution and 95 7 7 > 
(«) extractant, Vo and V,, respectively, and with a given ] / y ’ a 
J 





















Since x = n/RK, and R and K are constants, it follows 92 
that x approaches infinity as » approaches infinity. 
Therefore 
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ans- L [(1 " * ae [(: Jf vr. *E (10) os 
n—> x x—> © x 3 / / 
a Thus, the “minimum” weight of solute that can remain 89 ZL 
() J in solution is Es if 
Sr = So-e #K (11) 2 38 
ao A practical problem of the chemist is that of maximiz- 3 | It 
ing efficiency in terms of the quantity of the extractant S 87 
(8) used and the time spent in the operation. The choice Be | / 
of the extractant is dictated by its distribution co- = 86 
ion efficient, inertness to and easy separation from the 2 / 
as solute, cost, and other factors. It must then be & 85 
or- determined whether greater efficiency is obtained by / 
ngs increasing the volume of extractant or the number of 84 
washings. Where an inexpensive extractant is used to — 
remove solute as impurity, a large V, and small m are | a 
(9) more feasible. If, however, the distribution coefficient &% 
is small and the extractant must be separated from | La 
the solute after extraction, the time spent in repeated = . 
ast ff extractions is a good investment. In the latter case | ae P 
on it then becomes important to determine beyond what 81 eZ] 
di- FF values of » further washings will lead to “diminishing | Pa 
na- fF returns.” Inasmuch as the maximum quantity that 80 f 
ol- may be extracted is given by 1 — e~**, the “‘efficiency”’ 
he FF of an extraction with n washin be calculated f 
gs can be calculated from 79 
Stites « Amount extracted in m washings [ / 
Maximum amount extractable 78 / 
1\*]—-RK n n 
MOT" Gey wm  afL/ 
” 1 — e~ RK ~ | = en RK 









This is applied in Table 5 and Figure 2 in which the 
efficiency of m washings for specified values of RK are 
plotted against the RK values. = : : : 

Table 6 and Figure 3 permit of easier selection of ; sed ks pie he ‘ . = 
optimum conditions when the percentage of solute to + one 
be extracted is predetermined, inasmuch as this latter 
quantity is tabulated against the number of extractions ‘FIGURE 1.—PERCENTAGE OF ToTAL SOLUTE EXTRACTED AFTER 
with the required RK values given in the table. ' SUCCESSIVE WASHINGS WITH EQuaAL PorTIONS OF EXTRACTANT 
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TABLE 5 
EFFICIENCY OR PERCENTAGE OF MAXIMUM AMOUNT EXTRACTABLE REMOVED IN » WASHINGS WITH SPECIFIED VALUES OF RK 
Number of Washings (n) 
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The application of these data is illustrated by a may be accomplished by two extractions (RK = 6.94) 
problem in which it is required to extract 95 per cent o¢ 1735 ml. each and a total volume of 3470 ml. or four 


of the solute from 1000 ml. of a solution with an ex- ; f 
tractant whose distribution coefficient for the system ¢Xtractions (RK = 4.46) with 557.5 ml. and a total 


is 2. Table 6 indicates RK = 2-V,/1000, so that this volume of 2230 ml. 








Suggestions for the Teaching of Introductory Physics 
J. L. GLATHART 
Kenyon College, Gambier, Ohio 


Editor's Note: 


The following, which appeared as partof an article, ‘‘For whom the class bell tolls,” 


in the American Journal of Physics for June, 1944, can be made just as appropriate to teachers of chem- 
istry, with a very few obvious substitutions. The author suggests that other teachers may perhaps care to 
add further principles and procedures which they have found vitat and effective. 


1. Know your subject thoroughly. This is, of course, the 
fundamental requirement of any teacher. Prepare each day’s 
assignment carefully, no matter how many times you have gone 
over the same material before. If there are parts of it which 
you do not completely understand, you may be sure that ques- 
tions on those very points will be asked in class, for what is not 
completely clear to you will be even less clear to the student. 
The instructor who is not well prepared for such questions must 
either depend on inspiration, or admit ignorance, or attempt to 
bluff his way through, hoping to be saved by the bell. None of 
these methods will add to his effectiveness or prestige as a teacher. 
The habit of depending upon the good student in the class to 
straighten out difficulties is a mark of the incompetent teacher 
which is quickly detected by all present. Even when you feel 
that you have the factual material well in hand, study it care- 
fully for the purpose of improving your method of presentation. 
You can be certain that the way you presented it last time is not 
the best way. 

2. Present new ideas and concepts carefully. Strive for pre- 
cision of speech, using the right word in the right place. Develop 
new ideas carefully and logically. Physics is the most nearly 
“exact” of the various sciences; take full advantage of this fact. 
There is no excuse for a vague or ambiguous statement. It may 
be better to leave the student in ignorance than to confuse him 
hopelessly. 

3. Avotd dogmatic, unqualified statements. Even the poor 
student in your class will be confused if he compares his own 
experience with your unqualified assertion: ‘‘A falling body 
descends with a constant acceleration”; the good student will 
be certain that something is wrong. Point out carefully the 
conditions under which a given statement may be said to be true, 
and if it is merely a first approximation, emphasize that fact. 
Encourage the student to challenge any assertion that he does 
not understand, or with which he thinks he has reason to disagree. 
Be able either to prove any such statement at once, or to indi- 
cate where proof may be found. ‘“Jpse dixit’ is a poor substitute 
for ‘quod erat demonstrandum.” 

4. Maintain high standards. Insist upon precision in ex- 
pression and rigor in analysis. Allow neither yourself nor your 
students to fall into the habit of slipshod, slovenly work. The 
average student will do no better work than you demand of him, 
but if your standards are too low, he will lose respect for both 
you and your subject. Despite what he may say, the student 
knows that he gets the most from a course when he must be 
continually on his toes. 

5. Be patient, Elementary physics may be old stuff to you, 
but it is brand new to the student. Impatience has never been 
listed among the virtues of a great teacher. 

6. Avoid sarcasm and ridicule. The student very properly 
resents either, and ill feeling results. But answer his foolish 
question in the proper way, and he will join in the laugh at his 
expense, and later tell his friends about “‘the boner I pulled in 
Class today.” Furthermore, he will seldom forget the point 
involved. 

7. Praise first, if possible; then criticize, if necessary. 
your answer to the third question was a masterpiece. 


“John, 
Newton 


himself couldn’t have done better. Now if only you had main- 
tained that high level throughout ....’’ Remember that the 
average person responds far more quickly and more favorably 
to praise than to blame. The verb ‘‘to educate’’ comes from 
educere, which means “‘to lead forth,’’ and does not mean “‘to 
find fault constantly.” 

8. Handle questions judiciously. Regard each question as 
an opportunity. Even a foolish question may often be used to 
drive home some important point. Many questions of a general 
nature can profitably be referred to the class for discussion and 
answer. Allow a good argument to get started occasionally, 
and do not settle it during that class period. 

9. Don’theabore. You enjoy teaching physics; to you it isa 
wonderful and fascinating subject. Share your enthusiasm with 
your students, and they will soon reflect your attitude. An 
occasional flash of humor sheds a surprising amount of light. 

10. Use the blackboard intelligently. Many a crime against 
the student has been committed on the blackboard. Accept it 
for what it is, your most important teaching tool, and handle it 
accordingly. Your students’ notebooks will reflect your black- 
board work. Write legibly; arrange written material in an 
orderly fashion; draw neat diagrams, paying some attention to 
the principles of mechanical drawing; use chalk of various colors; 
stand to one side while writing (few things are more annoying 
to the student who wants to take notes than for the instructor 
to stand directly in front of what he is writing on the blackboard 
and then immediately erase it!); read aloud as you write, read- 
ing each formula first in terms of the physical quantities in- 
volved, and then in terms of the symbols. As far as possible, 
record on the blackboard every important assumption, all of the 
main steps, and the conclusions of any logical argument. De- 
velop a time-saving system of unambiguous, abbreviated notation. 
Careless blackboard work is not conducive to accurate, logical 
thinking on the part of either the student or the instructor. 

11. Observe the basic rules of public speaking. Talk in a lively 
manner, and talk directly to the class, not to the window, the 
blackboard, or the back of the room. Avoid the ‘“and-uh”’ and 
“er-uh” faults. Try to detect and correct any peculiar man- 
nerisms of speech or action which may distract attention from 
what you are saying. 

12. Proceed from the specific instance to the general case. 
First recall to the student those things that he already knows 
from his own experience, and then begin to amplify, abstract, 
and generalize. After the general case has been reached, illus- 
trate its utility by again making specific applications. Such a 
procedure will lead the student to see that elementary physics is, 
as one student expressed it, “‘just common sense etherealized.”’ 

13. Do not slavishly follow the textbook. Draw illustrative 
material from everyday life, and from newspaper and magazine 
accounts of current scientific happenings. Make the student 
realize that he is living in a world of applied physics. A current 
periodical may, at times, be a better reference than any textbook. 

14. Be human. Avoid the stern ‘‘schoolmaster’’ attitude, 
as well as the extreme “‘just-one-of-the-boys” pose. Be pleasant 
and approachable at all times. Treat your students as mature 
adults, and they will respond with adult behavior. 


Ultraviolet light has been used in skin grafting to show when blood circulation has 


started in the new skin. 


Sodium fluorescein is injected in a vein and makes the skin 


appear yellow-green under ultraviolet light when blood is circulating properly. 
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The Solid-Liquid Phase Equilibria 
of Two Component Systems 


WALTER W: LUCASSE, ROBERT P. KOOB, and JOHN G. MILLER 


University of Pennsylvania, Philadelphia, Pennsylvania 


ROM the standpoint of the many applications of 

condensed phases, the solid-liquid region of phase 
diagrams of polycomponent systems is perhaps the most 
important portion of the complete or limited space 
models. It is the effect of the variables of condition 
on the equilibria of condensed phases which has fur- 
thered the interpretations of geology, aided in the 
classifications of mineralogy and been of value to metal- 
lurgy and to industry, in general, in the purification of 
materials and in the fabrication of products of chosen 
characteristics. 


TYPES OF SYSTEMS 


Even in two component systems, the equilibrium 
curves in the solid-liquid region show wide variety and 
the many types may be classified in a number of ways. 
Considering only cases in which the components are 
miscible in all proportions in the liquid state, a con- 
venient grouping, which places emphasis upon the 
solid phases, is as follows: 


A. Solid solutions are formed. 


1. The solids are completely miscible. 


(a) The melting points of the solid solutions lie every- 
where between those of the pure components. 
(b) The melting point curve shows a maximum. 
(c) The melting point curve shows a minimum. 
2. The solids are partially miscible. 
(a) The melting point curve shows a eutectic. 
(b) The melting point curve shows a transition point. 


B. The equilibrium solid at each point is a single constituent. 


1. Over the entire curve, the constituent is one of the pure 
components. 
2. Along part of the curve, the constituent is a compound of 
the pure components. 
(a) The compound has a congruent melting point. 
(b) The compound has an incongruent melting point. 


Generalized curves, together with examples of these 
various types of systems, may be found ‘in several 
books dealing with the phase rule and illustrations, of 
at least some, are given in most of the elementary texts 
of physical chemistry. Suitable laboratory experi- 
ments covering this important aspect of the phase rule 
are, however, less readily available. 

There is, perhaps, no need for experiments pertaining 
to systems falling in the first group, A. Curves entirely 
analogous to those in the first portion of this group, 1, 
are obtained with completely miscible liquid pairs in 
which the boiling points of the mixtures, a, lie every- 
where between those of the pure components, b, show 


a maximum, orc, a minimum. Information from these 
readily determined liquid-vapor curves is easily ap- 
plied to the solid-liquid systems. Discussion of either 
the liquid-vapor or of the solid-liquid systems makes 
the other more clear and real. Such consideration 
usually involves the difference in composition of the 
two phases in equilibrium at the same temperature, the 
effect of change in temperature upon the composition 
and relative amounts of the two phases at constant 
total composition, and the ultimate result of successive 
removals of one phase from the system—fractional 
distillation or fractional crystallization. Usually this 
operates to the clarification of sotid-liquid systems and 
of the nature of the solid state. Indeed, following 
common experience with solutions of gases in gases, 
solids in liquids, and only slightly lesser familiarity with 
solutions of liquids in liquids, these phase diagrams 
offer a unique opportunity to make more tangible 
one of the types of true solutions least often encoun- 
tered by undergraduates, namely, solutions of solids 
in solids. 

Extension of the general picture of solutions is like- 
wise obtained from the second part, 2, of the first group, 
A, in which the solids are only partially miscible. The 
curves realized are entirely analogous to those for par- 
tially miscible liquids and can be obtained much more 
readily for the latter systems. The significance of the 
vaporization and condensation curves—particularly 
after a thorough study of the familiar liquid-liquid sys- 
tem, phenol-water—can be extended to the melting 
point and freezing point curves of partially miscible 
solids. 

Experiments designed to illustrate the solid-liquid 
equilibria in the second group, B, are found in numer- 
ous laboratory outlines. The components used are 
either metals of relatively low melting point or organic 
compounds, American authors favoring the former. 
The use of metals offers the advantage of experience 
with a thermocouple, and possibly its construction and 
calibration, together with the experimentally desirable 
conditions of high heat conductance and absence of 
supercooling. The temperatures of the less oxidizable 
molten metals are, however, a hazard in crowded labora- 
tories and with groups having less skillful technique; 
also, part of the apparatus is often of short life; and 
finally, perhaps educational institutions should set an 
example in the conservation of exhaustible resources. 

Combinations of organic compounds afford a wide 
range of temperature choice but often show a strong 
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tendency toward supercooling. This difficulty can 
be effectively circumvented by selection of the method 
ofstudy. The variety of compounds available offers an 
opportunity for use of inexpensive materials which are 
of sufficient familiarity that interest in the study at 
hand is not obscured by curiosity as to the nature and 
structure of the substances used. In the present 
paper, determination of the equilibrium curves with 
two pairs of organic chemicals, which have proven 
advantageous, is discussed. The one combination 
shows a simple eutectic, that is, over the entire curve, 
the equilibrium solid is one of the original pure com- 
ponents—1 of group B. The second pair illustrates 
compound formation, that is, along part of the curve 
the equilibrium solid is a new constituent, a compound 
of the original components—2 a of group B. Having 
studied liquid-vapor, liquid-liquid, and the two types 
of solid-liquid equilibria just mentioned, there seems 
little need for the average undergraduate to acquire 
personal experience with the highly complicated, last 
type of solid-liquid system listed above—2d of group B. 


METHODS OF OBSERVATION 


Basically, there are two methods for obtaining the 
curves for the systems being considered: determina- 
tion of the composition of the liquid in equilibrium with 
the solid at a series of constant temperatures; deter- 
mination of the temperature of phase change at a series 
of constant total compositions. The latter can be 
found either by cooling the system to the first incidence 
of solid, the freezing point, which in practice becomes the 
cooling curve method; or by heating to the disappear- 
ance of the last trace of solid, the melting point, 
which should not be confused with the appearance of 
the first trace of liquid, the thaw point. The distinc- 
tion between these two points, incidentally, is of pri- 
mary importance in the study of systems in the first 
group. 

The various lines of approach have particular ad- 
vantages and disadvantages so that which is chosen 
depends frequently upon the system to be investigated. 
If one of the constituents is readily removed, as by 
evaporation, or can be determined by convenient ana- 
lytical methods, evaluation of the composition of the 
liquid in equilibrium with the solid offers a convenient 
and direct method. Its primary difficulties, however, 
particularly as an undergraduate experiment, involve 
maintenance of constant temperature, establishment 
of true equilibrium, and the isothermal withdrawal of 
the solution to be determined. 

In general, systems with high thermal conductance 
and only slight tendency to supercool are readily stud- 
ted by means of cooling curves. The point of abrupt 
change in slope of the temperature-time curve marks 
the temperature at which solid first starts to form. 
Even where supercooling takes place, the correct value 
of the freezing point can frequently be obtained by 
Tepeated determination of the cooling curve at a single 
total composition, thus permitting extrapolation to 
tro supercooling. Although lacking some of the 
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pedagogical advantages of the other methods, direct 
determination of the melting point is perhaps the 
most obvious and convenient method for student ex- 
perimentation. In such studies, whereas theoretically 
the temperature should be observed at which the last 
crystal of solid disappears, in practice, due to the 
usually too rapid rate of temperature change and the 
lack of sufficient stirring, the melting point corresponds 
to a temperature at which there is still a fairly large 
amount of solid present, the point at which a sudden 
sharp rise in temperature takes place. 


THE BENZENE-ACETIC ACID SYSTEM 


Discussion. The data for the solid-liquid equilibria 
of the system, benzene-acetic acid, given in the Inter- 
national Critical Tables of Numerical Data (3), are 
plotted as curve AB in Figure 1 and show that the sys- 
tem forms a simple eutectic at 43 mole per cent acetic 
acid, with the corresponding temperature —8.8°C. 





Temperature (°C.) 





| | | | 


20 40 60 89 100 
Mole Per Cent Acetic Acid 
FIGURE 1.—THE SYSTEM BENZENE-ACETIC ACID. 
Curve AB—I.C.T. Data, MoLe PER CENT BASED 
ON SINGLE FORMULA WEIGHT FOR ACID. CURVE 
FG—I.C.T. Data, More Per Cent BASED ON 
DouBLE FORMULA WEIGHT FoR AcID. CuRvVE CD— 
IDEAL CURVE, ASSUMING SINGLE MOLECULES FOR 
Acip. CuRVE E—IpDEAL CurRVE, ASSUMING DOUBLE 
MOLECULES FOR ACID. 








Phase data may frequently be plotted in a number of 
ways in order to achieve a certain type or distribution 
of curve or to emphasize a basic significance in the rela- 
tions involved. In the figure, the placement of the 
curve is satisfactory and its form convenient for compari- 
son; however, it is questionable whether its significance 
is as basic as might at first be thought. It has long 
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been known (6, 1, 2, 5) that acetic acid at such low 
temperatures is highly associated into double molecules 
not only in the vapor and liquid states but also in non- 
polar solvents. Assuming the acid to be made up en- 
tirely of double molecules, the data have been replotted 
to give curve FG showing a eutectic at 27.4 mole per 
cent acid, with, of course, the same value as in curve 
AB for the eutectic temperature. 

Emphasis in the discussion of solid-liquid curves of 
this type is usually centered upon their showing both 
the freezing points of solutions of various compositions 
and the solubilities of the constituents at a series of 
temperatures. If ideal solutions were formed over the 
entire range, plots of the reciprocal of the absolute 
temperature against the logarithm of the mole fraction 
would be of greatest significance. On that basis, the 
curves would be straight lines of the form, 


— AH /1 1 
2.3R (> x 7) 
in which x is the solubility of the solid constituent in 
terms of mole fraction at the temperature 7, its freez- 
ing point and latent heat of fusion per mole being 7) 
and AH. Taking the freezing point of acetic acid to 
be 16.64°C. and that of benzene 5.51°C. with the heats 
of fusion per formula weight 2680 and 2370 calories, 
respectively, the equation simplifies to 

log x = 2.02 — 586/T 


log x = 


for acetic acid and 
log x = 1.86 — 518/T 


for benzene. These equations lead to the curves C 
and D in Figure 1 and show the ideal solubilities. 
Taking double the heat of fusion of acetic acid modifies 
the equation for the acid and gives the curve E. The 
intersection of curves C and D shows the ideal eutectic 
to be at 43.3 mole per cent acid, which is practically 
the same as the value from the experimental curve on 
the same basis. At this composition, the indicated 
melting point, —27.3°C., however, is much lower than 
the experimental.. Assuming the acid to be dimeric 
gives the ideal eutectic at 30.0 mole per cent acid 
with a melting point about 7.4°C. below the experi- 
mental value, presenting further indication of the 
molecular condition in the liquid state. The deviation 
of the real solubility curve from the ideal is, of course, 
due to a number of factors such as the variance of the 
heat of fusion with temperature and the interaction 
of solute and solvent. 

Thinking of the curves as freezing points of solutions 
of various compositions normally focuses attention 
upon the eutectic, and there are several aspects which 
often require particular emphasis. Since metallurgical 
and other work is usually carried out at atmospheric 
pressure one of the variables has already been fixed and 
likewise one phase, the vapor, is virtually removed. 
Thus, the two cémponent system has become fixed in 
the presence of the three phases, solid 1, solid 2, and 
liquid, only because the number of variables has been 
reduced from four to three by the arbitrary selection of 
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the pressure. If the pressure is retained as a variable, 
the eutectic temperature and composition will assume 
new values. Only in case the pressure is reduced to the 
vapor pressure of the coexisting solids and liquid, with 
the result that the fourth phase, the vapor, is in 
equilibrium with the others, will the system become 
truly invariant, pressure, temperature, and composi- 
tion all being at definite values. Perhaps, in analogy 
to normal boiling point and normal melting point, the 
term normul eutectic should be introduced, or possibly 
the fixed point might be called the true eutectic, to 
suggest that just as the boiling point and the melting 
point of one component systems are functions of the 
pressure, so the point of “‘easy-melting’’ of two com. 
ponent systems is variable. In all tliree cases, the 
generality of the phase rule is colored by our existence 
in a pressure bath of approximately constant value, 
In defense of the common usage, however, it must be 
noted that the eutectic temperature and composition 
change only slightly with the pressure. 

Closely related to this point is the manner of express- 
ing the composition in the region of complete solidifica- 
tion. In cooling any melt except that of the eutectic, 
the solid phase which appears at the-freezing point is 
one of the pure components. Upon further cooling, 
in the main, accretion upon the initial solid takes place 
rather than formation of additional nuclei. Thus at 
the eutectic temperature, when the entire mass solidi- 
fies isothermally, relatively large particles of the pure 
component become embedded in an apparently homo- 
geneous solid of eutectic composition. This appear- 
ance of two contrasting solid portions, which is partic- 
ularly evident in microphotographs of metallurgical 
systems, has fostered the tendency to express the com- 
position of the solid in terms of the pure component 
and the eutectic mixture. Since the latter, however, 
is not of constant composition, throughout the entire 
solid region it is more appropriate and less misleading 
to express the composition in terms of the pure com- 
ponents. 

Experimental. In studying the system benzene- 
acetic acid, it is not necessary to determine the cooling 
curves and is more rapid and convenient to obtain only 
the melting points. The inner tube of a Beckmam 
freezing point apparatus, or merely an 8-inch pyret 
test tube, together with an ordinary thermometer serve 
for making the observations. It is advisable to use 4 
glass stirrer which can easily be made from 3-mm. glass 
rod. Metal stirrers, such as brass, cause reaction it 
the system which leads to discoloration and, it would 
seem, a greater tendency toward supercooling. Fur 
thermore, to avoid contamination with stopcock grease, 
it is well to use Mohr burets for the liquids. The low 
temperatures needed to freeze the various compositions 
are obtained by use of a salt-ice mixture held in 4 
400-ml. beaker and a minimum temperature of about 
— 10°C. will suffice. 

An experimental advantage of the present system, il! 
addition to its convenient temperature range, is the 
freedom from time-consuming weighings. The mass 
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used may be determined with sufficient accuracy from 
the volume and density of the liquids at room tempera- 
ture. Ten ml. of the acid are first introduced into the 
tube and cooled in the ice bath. As soon as crystals 
start to form, the tube is removed and the temperature 
observed, with continued stirring, as room tempera- 
ture causes the crystals to melt. As indicated above, 
the best melting-point readings are obtained in the 
study of this system, while appreciable solid still exists, 
just before the temperature starts to rise rapidly, rather 
than at the theoretically correct point where the last 
crystal disappears. In the same manner, the melting 
point of the mixture is determined when benzene has 
been added to the contents of the tube in the follow- 
ing successive amounts: 1.5, 2, 3, 3, and 3.5 ml. To 
complete the composition range, the experiment is 
repeated, starting this time with 15 ml. of benzene and 
adding acetic acid to the contents of the tube in the 
following successive amounts: 1.5, 1.5, 2, and 3 ml. 
Here, as in the experiment below, the suggested 
amounts give a satisfactory distribution of points and 
should be used as nearly as possible. 

In Figure 2, the data which gave the curves of Figure 
1 are replotted as a smooth curve in terms of weight 
per cent. It is doubtful whether there is any advan- 
tage in pointing out to the student that such a plot 
avoids the question of molecular aggregation. It is 
sufficient that he see from the present and the following 
experiment that phase data may be plotted in more 
than one way, sometimes to advantage directly in 
terms of weight. To show the distribution of the 
points and to indicate the student accuracy, all of the 
points obtained by six undergraduate students, working 
in groups of two each, are superimposed upon the plot. 


THE p-TOLUIDINE-ACETIC ACID SYSTEM 


Discussion. The system p-toluidine-acetic acid is of 
particular interest since compound formation is here 
encountered. The average student is aware of com- 
pounds between metals and nonmetals and those of or- 
ganic nature almost to the exclusion of other types. 
He has rarely more than a vague knowledge of the 
existence of compounds between the various halogens 
and of such compounds as iodine oxide. Compounds 
between two of the more electropositive elements are 
still less familiar and possibly the cause can be found 
both in the physical nature of the reacting elements and 
in the limited importance of the compounds. If the 
metals were molten at lower temperatures or more 
commonly soluble in nonmetallic, nonaqueous solvents, 
or if the resulting compounds were of more practical 
interest beyond such restricted fields as metallurgy, it 
is possible that the nature and properties of intermetal- 
lic compounds would be of more general knowledge. 
Obviously, it is not implied that such compounds should 
be discussed in general chemistry with resulting 
danger to the unifying simplicity of the subject. 
Rather, it is indicated that here again physical chemis- 
try offers a unique opportunity not only to present its 
restricted field but also to unfold at an age of greater 
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intellectual maturity some of the more advanced facts 
and theories of branches of chemistry presented at an 
earlier period of training. 

Studies of intermetallic compounds can be made by 
means of a number of physical properties such as speci- 
fic resistance and the temperature coefficient of re- 
sistance, hardness, thermal conductivity, and thermo- 
electromotive force. Perhaps the most frequently 
used and simple method is that of thermal analysis. 
However, as has already been indicated, such phase 
studies with metallic systems are frequently difficult 
and similar experience and understanding can be 
obtained from organic systems. 

Having fully studied a phase diagram in which a 
simple eutectic is present, the interpretation of a sys- 
tem in which compound formation appears is facili- 
tated by initial consideration of the diagram as made 
up of two parts, each showing the temperature-com- 
position relations of a system made up of the compound 
and one of the pure components. It is immediately 
seen that in both parts, the curves represent the freez- 
ing points of mixtures of definite compositions and the 
solubilities of the components, together with those of 
the resulting compound, at a series of temperatures. 
Again, the fact may be emphasized that the eutectic 
is not a compound, the composition being a function 
of the external pressure just as with the more readily 
comprehended constant boiling mixtures of two com- 
ponent liquid systems. 

Interest in such diagrams has to do primarily with 
the compound and involves both composition and 
temperature. As an introduction, it is readily under- 
stood that when gaseous hydrogen chloride is added to 
gaseous ammonia until the components are present in 
equimolecular amounts, the system suddenly ceases to 
be a solution of one in the other, becoming identical 
with the vapor of ammonium chloride and thus a one 
component system. This picture is easily carried over 
to the solid-liquid system at the indifferent point and 
the contrast between this point and the eutectic can be 
amplified by means of the phase rule. At the indiffer- 
ent point, under normal conditions, the system is made 
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up of one component in two phases, and hence there is 
but one degree of freedom. With changes in the 
external pressure, as with other pure compounds, the 
melting point only and not the composition is al- 
tered. Finally, when the external pressure is lowered 
to the vapor pressure of the condensed phases, the 
vapor is also present and the system becomes entirely 
fixed at a definite temperature, pressure, and composi- 
tion, the latter being the same for each phase and un- 
altered during the changes in pressure and temperature. 

The indifferent temperature may be further con- 
trasted with the eutectic point. From experience with 
the lowering of the freezing point of a pure solvent by a 
solute, that is, the lowering of the freezing point of 
one pure component by the addition of a second, the 
observation that the temperature of the indifferent 
point is lowered by the addition of one of the com- 
ponents, whereas the eutectic temperature is raised, 
immediately relates the former with a chemical entity. 
The form of the curve in the neighborhood of the maxi- 
mum can now be contrasted with the rectilinear lower- 
ing to be expected from the laws of dilute solutions. 
That the maximum is frequently flat is seen as evi- 
dence of the lowering of the freezing point of the com- 
pound by the products of its own dissociation and as 
a measure of the stability of the compound. This 
instability, together with difficulties of isolation and 
study by the usual methods, is in keeping with the 
general lack of information relative to such com- 
pounds. 

Experimental. In Figure 3 the data from a recent 
study (4) of the system p-toluidine-acetic acid are 


plotted as a smooth curve showing formation of the 
compound p-toluidine:2 acetic acid. If the mole frac- 
tion had been plotted in terms of double rather than 
single formula weights of acetic acid, as study of the 
system benzene-acetic acid would suggest, the maxi- 
mum would have been at 50 mole per cent and the indi- 
cated formula p-toluidine-(acetic acid)2, The general 
uncertainty as to the molecular condition of sub- 
stances in the liquid state, however, makes more ap- 
propriate the form of plot shown. Superimposed on 
the curve are unselected points from a group of under- 
graduate experiments from which it can be seen that 
the form of the curve can be duplicated with a reason- 
able degree of accuracy. 

In studying the system p-toluidine-acetic acid, the 
apparatus and method are the same as indicated 
above. It is even more essential in this case than when 
working with the benzene-acetic acid system that a 
glass stirrer be used, as there seems to be a still greater 
tendency with a metal stirrer toward reaction and 
supercooling. With a brass stirrer the system quickly 
becomes dark brown, practically black, and it is almost 
impossible to observe the incidence and disappearance 
of crystals. In case of all mixtures, the system should 
first be heated until a homogeneous liquid results, then 
cooled to partial solidification, and finally warmed 
gradually to obtain the melting point. Upon cooling, 
some of the mixtures crystallize only with difficulty, 
at first merely becoming increasingly viscous. In 
taking the melting points, the mixtures should be 
heated very slowly and only for those melting above 
15°C. should a burner be used. 
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In order to minimize the number of weighings neces- 
sary, the system might be studied by adding acetic 
acid to a weighed amount of p-toluidine until well 
toward the eutectic on the acetic acid side. However, 
since classroom consideration of the phase rule does not 
always precede or accompany the laboratory work, it 
seems as well to emphasize the nature of the system by 
dividing its study into four parts, as follows: 

1. Approximately 10 g. of p-toluidine is weighed into 
the test tube to the nearest centigram and the melting 
point determined. It is then partially solidified and 
the melting point checked. In the same manner the 
melting point is found of each mixture resulting from 
the following successive additions of glacial acetic acid: 
0.5, 0.5, 0.5, 0.5, 1,2, and 2 ml. 

2. Afresh start is made with about 3 g. (ca. 2.89 ml.) 
of acetic acid and 2.68 g. of p-toluidine. The mixture 
is melted, partially solidified, and the melting point 
observed. The melting point is then determined of 
each of the mixtures resulting from the following addi- 
tions of p-toluidine: 0.8, 0.8, 0.8, 1.5, 2.5, and 3.5 g. 

3. Ten grams of acetic acid are introduced into the 
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tube and the melting point determined. The melting 
point is then found after making each of the following 
additions of p-toluidine: 0.5, 0.5, 0.7, and 0.8 g. 

4. A new start is made with 6 g. of acetic acid and 
5.385 g. of p-toluidine. The mixture is melted, par- 
tially solidified, and the melting point determined. The 
melting point is then obtained after making each of the 
following successive additions of acetic acid: 0.5, 0.5, 
0.5, 1, 2, 2, 3, 3, 3, and 5 ml. In any event, if fewer 
points are determined, more material introduced in- 
advertently, or the specified amounts not conveniently 
weighed out exactly—as would seldom be the case— 
the amounts actually used must be known in all cases 
to at least | per cent. 
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A Dynamic Brake for Semimicro Centrifuges 


0. L. I. BROWN and C. E. SUNDERLIN 


United States Naval Academy, Annapolis, Maryland 


ENTRIFUGES used for semimicro qualitative 

analysis usually have no brake, mechanical or elec- 
trical The stopping time for good centrifuges is 
about two minutes with a semimicro head, three to 
five minutes with a heavy micro head. Despite ad- 
monitions to the contrary, students persist in using their 
hands as brakes in order to cut down the time of wait- 
ing. This is disadvantageous for several reasons. 
The contents of the centrifuge tubes are jarred and 
slightly remixed because of the unevenness of hand 
braking. Also, the unequal pressures exerted on the 
main shaft may eventually throw it out of line. 

The following dynamic, or electrical brake was de- 
vised for use with centrifuges operated by a 50 to 60 
cycle, 110-volt a.c. induction motor. The wiring 
diagram is shown in the figure. The double pole double 
throw toggle switch A, the push button switch B, and 
the resistor C, are mounted on a small wooden platform. 
The resistor C is a 100-watt lamp so that with a 110- 
volt D.C. source approximately 1 ampere will flow. 
A flexible cord, with plug, leads from one side of A to 
the 110-volt A. c. source. Another flexible cord, with 
plug, leads from the other side of A, through B and C, 
to the 110-volt p. c. source. The center connections 
of A lead to a socket to which the motor is connected. 

In operation, the switch on the centrifuge is left 
closed, and the switch A is used for starting. To stop 
the centrifuge, the switch A is thrown across to the 
D.C. side and the push button B is pressed down. 


The direct current going through the stator winding of 
the induction motor brakes the motor to a smooth stop 
in three to four seconds with the semimicro head, four 
to seven seconds with the heavier micro head. A 
push button is used at B since the toggle switch A has 
no open position. This ensures that the pD. c. will be 
cut off the moment finger pressure is released. 
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Any D. c. voltage source (e. g., several dry cells) could 
be used, provided the resistor C is such as to permit 
approximately 1 ampere to flow in the circuit. If 
faster or slower braking is desired, the resistor C may 
be adjusted to cause greater or less current to flow as 
long as the windings are not overheated. 

The authors wish to thank Professor D. G. Howard 
of the Department of Electrical Engineering, U. S. 
Naval Academy, for his suggestions. 








Alizarin as a Reagent for Ammonium Ion 
in Elementary Qualitative Analysis’ 


HUBERT FRINGS 
West Virginia Wesleyan College, Buckhannon, West Virginia 


HE usual test for NH,* ion in elementary qualita- 

tive analysis calls for warming the unknown solu- 
tion or solid with NaOH or KOH solution and testing 
for the liberation of NH; by the use of a piece of mois- 
tened neutral or red litmus paper. While this is a 
satisfactory test, I have found that alizarin paper used 
as an indicator for the liberated NH; has certain advan- 
tages over the litmus paper. 

Alizarin paper can be readily prepared by soaking 
quantitative grade filter paper or spot test paper in a 
saturated solution of alizarin in ethyl ether or methyl 
alcohol and allowing it to dry. While ordinary techni- 
cal grade alizarin paste (20 per cent) serves perfectly 
well for the purpose, Alizarin Indicator gives more uni- 
form results and is easier to use, for the paste requires 
the removal of the water either by evaporation or 
washing with alcohol. It is important to have the 
filter paper or spot test paper of high grade, for 
alizarin reacts with extremely small quantities of many 
metallic ions to give colored compounds. Dry alizarin 
paper, prepared as above, can be stored and handled 
like litmus paper. 

Untreated alizarin paper is light yellow in color; 
when moistened and exposed to NH; it assumes a purple 
color. This color change is, therefore, sharper than the 
color change of litmus paper. Drying the ammoniated 
alizarin paper drives off the NH; and restores the orig- 
inal color, while similar drying of alizarin paper which 
has been acted on by NaOH or KOH does not bring 
about a color change. This allows the differentiation 
between Nat or K+ and NH,* in cases of suspected 
spattering of the NaOH or KOH solutions onto the 
paper. Also, if there is suspicion of contamination of 
the paper itself with metallic ions it is simply necessary 
to heat the alizarin paper after developing the purple 
color, for color changes produced by other than NH; 
are not reversible on drying. While litmus paper also 
loses its blue color developed by NH; on drying, the 
change is from the basic blue to the neutral bluish tint, 
a change which is not too sharp. With small quanti- 
ties of NH, or with small quantities of impurities on 
the paper, the alizarin paper allows much clearer test- 
ing. 

There is no need to give detailed directions for the 
use of alizarin paper in the scheme for elementary quali- 
tative analysis, for it is simply substituted for litmus 





1 Presented at the 1944 meeting of the West = Academy 
of Science at Fairmont, West Virginia, May 5, 


paper in the usual techniques, either macro or semi- 
micro. 

The sensitivity of the alizarin paper test was com4 
pared with that of the litmus paper test, on the semi- 
micro scale, using a solution of (NH4)2SO, as the source 
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of NH,t+ and 4N NaOH to form the NHs3, with the 
following results. Litmus paper, under the condition 
of this experiment, gave a clearly defined test with a 
little as 5 y of NH,*, but, at this level, a comparison 
patch was needed for clear distinction. Alizarin 
paper gave a clear-cut test with as little as 4 y of NH,°. 
No comparison patch is ever needed with alizarin paper 
for the color change is sharp. Alizarin paper is, thus, 
just as sensitive as litmus paper and at low concen- 
trations of NH,* gives a much clearer test. 

This method for NH,+ was tested for student pref- 
erence in a course in semimicro qualitative analysis. 
The students were given mimeographed instructions 
for the soluble cation group with the directions for 
NH? calling for the use either of litmus paper or ali- 
zarin paper, without specifying either. There were 
no indications that alizarin paper was not a usual 
test. By the end of the course, all of the students were 
using the alizarin paper test instead of the litmus paper 
test, because they preferred its sharper color change. 

Alizarin paper is easily prepared, it is as readily 
stored and used as litmus paper, it is equally sensitive, 
and it has the following advantages: (1) the color 
change with alizarin paper is sharper than that with 
litmus paper, and (2) the color developed with NH; is 
readily dissipated by drying the paper, thus allowing 
clear-cut differentiation in cases of spattering or in 
cases of suspected contamination of the paper. (This 
is also possible with litmus, but the change from alka- 
line blue to neutral blue is less sharp and, with small 
quantities of impurities, would be useless.) 

It is worth noting that alizarin paper, prepared for 
the NH,* test, can also be used in a confirmatory test 
for Alt++, following the directions given by Feigl,’ 
or as given in one scheme of elementary qualitative 
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analysis. This is an excellent supplement to the 
usual ‘‘Aluminon”’ test, or it could be used in place of 
that test with some advantages. 


2B FRIGL, “Qualitative Analysis by Spot Tests,’’ 2nd English 
Edition, Nordemann Publishing Company, New York, 1939, 
pp. 115-18. 
3 ENGELDER, DUNKELBERGER, AND SCHILLER, “Semi-micfo 
Qualitative Analysis,” 2nd Edition, John Wiley and Sons, Inc. 
New York, 1940, p. 184. 
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Method of Protecting Tubers against Decay. No. 
2,348,946. Margaret Wilson, Raleigh, North Caro- 
lina. 

Microorganisms generally present in the soil affect 
potatoes and other tubers grown in many sections of the 
ountry. Some of these cause unsightly discolorations 
of the skin of the tubers, thus reducing their sale value 
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greatly. Some examples of the troublemakers are rust, 
thizoctonia, and scurf. 

The patent describes treatment of the tubers with a 
} to 6 per cent solution of sodium hypochlorite which 
has been found to dissolve the organisms readily, as 
they are largely composed of lignin. Dipping in the 
weak solution or spraying and brushing have been 
found effective. The treatment is completed by wash- 
ing the tubers in a dilute solution of ammonium hy- 
droxide. 


Method of Producing Protein Plastics by Cold Mold- 
ing. No. 2,348,761. Oswald C. H. Sturken, 
Closter, New Jersey. 

Casein plastics are commonly made from the protein 
of zein, soy bean meal, casein, blood albumin, or ground 
horn. Large numbers of articles such as belt buckles 
and buttons are made from this type of raw material. 

One example of the process is to start with powdered 
zen of 60 to 120 mesh. The powder is mixed with 
about 10 per cent of its weight of water, sifted, and 
placed in a cold mold. The mold is subjected to a 
pressure of 1500 to 15,000 Ibs. per square inch. 

Casein plastics are hardened by treating with form- 
aldehyde. This treatment is improved in the present 
patent by using a mixture of formaldehyde and kiesel- 
guhr (diatomaceous earth). The articles are submerged 
in the mixture which is agitated to prevent settling of 
the kieselguhr. After about 30 minutes’ treatment the 
surfaces of the casein articles have become tacky from 
the action of formaldehyde, but the kieselguhr forms a 
coating on the surfaces which prevents sticking. The 
articles are then removed and may be further treated in 
40 per cent aqueous formaldehyde alone. A belt buckle 
only '/, inch thick requires about 4 to 5 days’ treatment 
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in order to become homogeneous. 

The articles are removed from the bath, dried out 
thoroughly, and may then be further hardened by bak- 
ing at 100°C. The fine coating of kieselguhr may be left 
on the articles or, if undesirable for some uses, may 
be washed off with sodium hypochlorite. 


Dental Implant. No. 2,347,567. Edward J. Kresse, 
Denver, Colorado. 
This patent relates to improvements in materials 


Recent Chemical Patents 


WILLIAM S. HILL 


Member, Examining Corps, United States Patent Office 
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from which to manufacture implants for use in mount- 
ing artificial teeth. 

At one time it was common dental practice to mount 
metal crowns on the natural roots of teeth whose cusps 
had been removed. This practice has been largely dis- 
continued. Later it was suggested that artificial teeth 
be mounted on a specially constructed metal frame in- 
serted in the alveolus of an extracted tooth or in a 
cavity drilled in the jawbone. The difficulty was to 
find a metal or alloy that produced no objectional effects 
such as electrolytic action with the mouth tissue fluids. 
A suitable alloy sold for this purpose is composed of 65 
cobalt, 30 chromium, and 5 per cent molybdenum. 

The present invention is the substitution of a non- 
metallic material which will not only be free of harmful 
chemical action but which can be incorporated with a 
germicidal! substance that inhibits infection. The sub- 
stance used is methyl methacrylate resin and the 
germicidal chemicals mixed with it may be silver nitrate, 
iodine crystals, sulfa derivatives, etc. When the dental 
implant is in place its porous nature causes it to give up 
its germicidal component slowly, thus keeping the sur- 
rounding tissue healthy. 


Ultraviolet—Sensitive Photographic Element. No. 
2,349,760. Earle E. Richardson, et al., assignors to 
Eastman Kodak Company. 

Spectrophotography plays a considerable part in 
modern industrial and scientific research. In this field 
the characteristics of various materials under the in- 
fluence of ultraviolet radiations are of interest. Much 
of this kind of work is done with the quartz spectrograph 
using commercially obtainable photographic plates.or 
films. However, the gelatin emulsions absorb radiations 
of very short wave lengths and this prevents their 
action on the embedded silver halide grains. 

Previously, attempts have been made to overcome 
this drawback in at least two ways. One was to in- 
corporate fluorescent substances in the emulsion. These 
substances transformed the shorter wave lengths into 
wave lengths not strotigly absorbed by the gelatin. 
The second was to overcoat the emulsion with a thin 
film of ethyl-dihydro-collidine-dicarboxylate in order to 
bring about the necessary energy transformation. But 
the use of this overcoating substance necessitates an 
extra wash with alcohol while the element is in the 
developer. 

The present patent presents an ultraviolet sensitizing 
layer completely removed in the regular alkaline de- 
velopers and requiring no additional treatment. The 
materials found effective are bis-ammonium salts of 
aliphatic amines selected from the group consisting of 
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dialkyl and trialkyl amines in which each alkyl group 
contains from 7 to 12 carbon atoms, and a bis-sulfonic 
acid of the general formula. 


wage — 
ryl—(Z),n—1— ary] 
R R 


R is an amino, alkylamino, or acylamino group; 2 
is a positive integer no higher than 2 

The patent describes the preparation of a representa- 
tive compound, namely, 4,4’-diacetyl-aminostilbene- 
2,2’-disulfonic acid bis-dioctylamine salt. 


Method of Anodically Polishing Copper. No. 2,347,- 
039. Charles T. Faust, assignor to Battelle Memo- 


rial Institute, Columbus, Ohio. 


Using the process of the present patent it is stated 
that copper can be given a surface finish relatively 
superior to that obtained by a mechanical polishing or 
buffing operation. 


Wwooftr, Qo 


nz HPQ, 100f HsPO% 


The method consists of making the copper article the 
anode in a solution containing 20 to 85 per cent phos- 
phoric acid, from 0.1 to 39 per cent CrOs;, and fiom 13 to 
80 per cent water, and passing through the solution a 
current having a density of from 100 to 1000 amps. per 
square foot. The temperature of the bath may range 
from room temperature to 212°F. although tempera- 
tures around 100°F. have been found most satisfactory. 

The above proportions should be used in accordance 
with the triaxial diagram shown. The area within the 
heavy lines ABCD is found usable while that defined 
by FEB is preferred. 


Estimating Molybdenum Content of Scheelite or 
Calcium Tungstate by Visual Color of Its Fluores- 
cence. No. 2,346,661. Ralph §S. Cannon, Jr., 
Falls Church, Virginia, and Kiguma J. Murata, 
Washington, D. C. 

Although molybdenum is itself a valuable metal, its 


JOURNAL OF CHEMICAL Epucation 


presence in the scheelite ores which are used as a source 
of tungsten is generally undesirable. Commercial 
scheelite concentrates containing more than 0.4 per 
cent molybdenum, are subject to a price penalty. 

The present patent offers an interesting method of 
rapidly determining the molybdenum content both of 
natural scheelite minerals and synthesized specimens of 
the isomorphous calcium tungstate calcium molybdate 
series. 

Using an ultraviolet lamp, of the type commonly 
used in prospecting for scheelite, which produces light 
covering the wave-length range of 2500 to 4000 A. U. 
and largely concentrated between 2500 to 2600 A. U. 
it was found that the finely powdered mineral fluoresced 
bright blue where only pure calcium tungstate was 
present, paler blue for compounds containing traces of 
molybdenum, and neutral white when the molyb- 
denum content was about 0.5 per cent. The fluores- 
cent color becomes increasingly yellow as the molyb- 
denum content rises above 0.5 per cent and is strongly 
yellow at 4.8 per cent molybdenum, remaining sub- 
stantially the same shade as the percentage rises still 
higher. 

The method, first of all, offers a quick check in de- 
termining whether the molybdenum content of a 
particular scheelite ore is too high for commercial ex- 
traction of tungsten. Any ore fluorescing in the blue 
range is acceptable. An ore fluorescing distinctly 
yellow contains more than 1 per cent molybdenum, 
while those in the neutral range are borderline cases. 
Secondly, by preparing a series of samples of known con- 
centration, the molybdenum content of an ore can be 
determined fairly accurately by means of a rapid color 
comparison. Examples given show accuracies from 
0.02 to 0.06 per cent. 


Bright Copper Plating. No. 2,347,448. Christian J. 
Wernlund, Niagara Falls, New York, assignor to 
E. I. du Pont de Nemours and Company. 


As the amateur electroplater well knows, the electro- 
plating of copper so as to get a good adherent deposit is 
relatively easy compared to plating out nickel or 
chromium. However, the result is usually a dull de- 
posit which needs much further buffing if attractiveness 
is desired. The present patent offers a useful method of 
obtaining supposedly excellent bright copper plate. 

A preferred example of plating bath composition is: 








MEG. cl Seg easeicrars Sues es 18 oz. per gal. 
a 2 Oe Pg Der rence aa 16 oz. per gal. 
PAs iio do aeid alow a@anens 1 oz. per gal. 
RMI soo, 5 rare) sida aac peur Olmersieisvoieee 5 oz. per gal. 
Betaine (high mol. wt.)......... 4 ml. per gal. 







The betaine is an antipitting agent and the improve: 
ment over a previous process patented by Wernlund is 
to use KOH instead of NaOH. The bath is kept at 82 to 
83°C. and is well stirred while the plating continues. 
Satisfactory plating was obtained at current densities 
from 20 to 63 amps. per square foot. 


(Continued on page 464) 
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Twentieth Anniversary of the Division 
and Journal of Chemical Edueation 


PAUL H. FALL 
Hiram College, Hiram, Ohio 


HE Section of Chemical Education was organized 

September 8, 1921, at the New York meeting of the 
American Chemical Society. The Section became a 
Division of the A. C. S. at the Ithaca meeting on Sep- 
tember 8, 1924. Hence, this September, 1944, is our 
twentieth anniversary as a Division of the American 
Chemical Society, as well as the twentieth anniversary 
of the JOURNAL OF CHEMICAL EDUCATION. 

The man responsible for the idea, organization, and 
early development of both the Division and JOURNAL is 
Dr. Neil E. Gordon, now of Wayne University. 
Some time ago he gave a detailed and intimate account 
of the history and development of both the Division 
and JOURNAL, for both of which he was the organizer and 
early guiding genius. 

The American Chemical Society assumes no financial 
responsibility for the JOURNAL, although it is approved 
by the Council as a Divisional publication. Mr. 
Harvey F. Mack, President of the Mack Printing Com- 
pany which has published the JouRNaL from the be- 
ginning, has been a most generous and patient friend of 
the JouRNAL. For a number of years the JOURNAL has 
been in debt to the Mack Printing Company for an 


amount, at times, of almost $20,000.00. But Mr. 
Mack’s faith and confidence have been vindicated. 
By the end of this year all indebtedness will probably 
be liquidated and the JouURNAL will be “‘on its feet.” 
This is due to the high quality of the JouRNAL, astute 
management, and increased advertising. Dr. Gordon 
mentions one official of the American Chemical Society 
who said, ‘“‘—and if you do have a journal I will bet 
you the biggest dinner you can eat that you will not 
have more than 300 subscribers.’ The subscriptions 
now total almost twenty times that number, but should 
reach at least forty times that number. 

Mr. Francis P. Garvan, of New York, was for a num- 
ber of years a real ‘‘Santa Claus’’ to the JOURNAL, and 
without his generous support in the early years it 
would scarcely have been able to survive. 

Editors of the JOURNAL have been as follows: Neil E. 
Gordon, 1924-33; Otto Reinmuth, January, 1933, to 
August, 1940; Norris W. Rakestraw, September, 1940, 
to the present. 

The By-Laws of the Division, substantially as they, 
are now, were published in 1933. A list of the past 
officers and the present committees follows. 





Edgar F. Smith 
Neil E. Gordon 

W. A. Noyes 
Wilhelm Segerbtom 
Bryant S. Hopkins 
William McPherson 
J. N. Swan 

Owen L. Shinn 
Lyman C. Newell 
Ross A. Baker 

R. E. Swain 
Harrison Hale 

O. M. Smith 

B. C. Hendricks 
M. V. McGill 
Rufus D. Reed 

F. E. Brown 

A. J. Currier 

L. L. Quill 


E. M. Billings 
Rosalie M. Parr 
Virginia Bartow 
C. E. White 


N. E. Gordon 
Wilhelm Segerblom 


CHAIRMEN OF THE DIVISION 


University of Pennsylvania 
University of Maryland 
University of Illinois 
Phillips Exeter Academy 
University of Illinois 

Ohio State University 
University of Missisippi 
University of Pennsylvania 
Boston University 
Syracuse University 
Stanford University 
University of Arkansas 
Oklahoma A & M College 
University of Nebraska 
Lorain, Ohio, High School 
New Jersey State Teachers College 
Iowa State College 
Pennsylvania State College 
University of Kentucky 


TREASURERS 


Eastman Kodak Company 
University of Illinois 
University of Illinois 
University of Maryland 


SECRETARIES 


University of Maryland 
Phillips Exeter Academy 
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Sept., 1921-Apr., 1924 
Apr., 1924-Sept., 1924 
Sept., 1924-Aug., 1925 
Aug., 1925-Sept., 1926 
Sept., 1926-Apr., 1928 
Apr., 1928-Sept., 1929 
Sept., 1929-Sept., 1931 
Sept., 1931-Sept., 1932 
Sept., 1932-Sept., 1933 
Sept., 1933-Sept., 1934 
Sept., 1984-Sept., 1935 
Sept., 1935-Sept., 1936 
Sept., 1986-Sept., 1937 
Sept., 1937-Sept., 1938 
Sept., 1938-Sept., 1940 


‘Sept., 1940-Sept., 1941 


Sept., 1941-Sept., 1942 
Sept., 1942-Sept., 1943 
Sept., 1943-Sept., 1944 


Sept., 1924—Apr., 1928 
Apr., 1928-Sept., 1931 
Sept., 1931-Sept., 1941 
Sept., 1941-to present 


Sept., 1921-Sept., 1923 
Sept., 1923-Sept., 1924 
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B. S. Hopkins University of Illinois 
R. A. Baker Syracuse University 
N. W. Rakestraw Brown University 
P. H. Fall Hiram College 


COMMITTEE ON EXAMINATIONS AND TESTS 
(Authorized about 1930) 
O. M. Smith, Chairman, Oklahoma A & M College, Stillwater, 
Okla. 
T. A. Ashford, University of Chicago, Chicago, Ill. 
Laurence S. Foster, Massachusetts Institute of Technology, Cam- 
bridge, Mass. 
J. S. Coles, Middlebury College, Middlebury, Vt. 
Terms expire 1944 
E. F. Degering, Purdue University, Lafayette, Ind. 
Earl W. Phelan, Georgia State Woman’s College, Valdosta, Ga. 
Alexander Calandra, Brooklyn College, Brooklyn, N. Y. 
Terms expire 1945 
B. C. Hendricks, University of Nebraska, Lincoln, Neb. 
R. D. Reed, N. J. State Teachers College, Upper Montclair, 
Ni. J; 
F. D. Martin, Purdue University, Lafayette, Ind. 
Terms expire 1946 


At the Memphis Meeting in April, 1942, a committee was 
appointed to make a study and formulate a report on how the 
content of chemistry in the liberal arts colleges can be adapted to 
aid in problems confronting the nation in wartime. Their 
findings were to be reported to the U. S. Office of Education. 
The committee consisted of: 


John E. Cavelti, Chairman, Allegheny College, Meadville, Pa. 
Sidney J. French, Colgate University, Hamilton, N. Y. 

Roy I. Grady, College of Wooster, Wooster, Ohio 

Andrew J. Scarlett, Jr., Dartmouth College, Hanover, N. H. 


BOARD OF PUBLICATION OF JOURNAL OF CHEMICAL EDUCATION 
(Established in 1933) 
J. C. Bailar, Chairman, University of Illinois, Urbana, II. 
Elected chairman, 1943 
Term expires Sept., 1945 
W. L. Evans, Ohio State University, Columbus, Ohio 
Term expires Sept., 1944 
R. E. Kirk, Brooklyn Polytechnic Institute, Brooklyn, N. Y. 
Term expires, Sept., 1946 
L. L. Quill, Chairman of Division of Chemical Education, Uni- 
versity of Kentucky, Lexington, Ky. 
Term expires Sept., 1944 
N. W. Rakestraw, Editor, Brown University, Providence, R. I. 
Term expires Sept., 1945 


RECENT CHEMICAL PATENTS (Continued from page 462) 


Method of Pulverizing Resinous and Thermoplastic 
Materials. No. 2,347,464. Charles W. Cuno, 
assignor to The Lehon Company, Chicago, Illinois. 
This patent purports to be an improvement in the 

technique of grinding many of the resinous and rubber- 

like materials which cannot be ground in an ordinary 

ball mill. 

An earlier well-known method of grinding resinous 
materials involves mixing either ‘‘dry ice’ or a liquid 
hydrocarbon such as propane with the substance in 
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Sept., 1924-Sept., 1926 
Sept., 1926-—Dec., 1932 
Dec., 1932-Sept., 1939 
Sept., 1939-to present 


P. H. Fall, Secretary of Division of Chemical Education, Hiram 
College, Hiram, Ohio 
Term expires Sept., 1946 


EXECUTIVE COMMITTEE 1943-44 


L. L. Quill, Chairman, University of Kentucky, Lexington, Ky. 
Term expires Sept., 1944 
H. N. Alyea, Vice-Chairman, Princeton University, Princeton, 
NI. 
Term expires Sept., 1944 
C. E. White, Treasurer, University of Maryland, College Park, 
Md. 
Term expires Sept., 1945 
P. H. Fall, Secretary, Hiram College, Hiram, Ohio 
Term expires Sept., 1946 
G. H. Cartledge, Member at Large, University of Buffalo, 
Buffalo, N. Y. 
Term expires Sept., 1944 
F. E. Brown, Former Past Chairman, Iowa State College, Ames, 
Towa 
Term expires Sept., 1944 
A. J. Currier, Immediate Past Chairman, Pennsylvania State 
College, State College, Pa. 
Term expires Sept., 1945 


COMMITTEE ON HIGH-SCHOOL CHEMISTRY 
(Authorized Sept., 1939) 


Elbert C. Weaver, Chairman, Phillips Academy, Andover, 
Mass. Elected chairman Sept., 1943. 
T. A. Ashford, University of Chicago, Chicago, IIl. 
T. D. Kelsey, Grover Cleveland High School, St. Louis, Mo. 
Terms expire Sept., 1944 
A. D. Lincoln, Technical High School, Springfield, Mass. 
Robert L. Ebel, Edison Institute, Dearborn, Mich. 
Harold W. Baker, James Ford Rhodes High School, Cleveland, 
Ohio 
Terms expire Sept., 1945 
T. A. Nelson, Decatur High School, Decatur, III. 
R. D. Reed, State Teachers College, Montclair, N. J. 
Ernestine, M. J. Long, Normandie High School, St. Louis, Mo. 
Terms expire Sept., 1946 


order to make it nonsticking but more friable. Some 
resinous materials have such a low melting point, how- 
ever, that ‘“‘dry ice” alone does not produce low enough 
temperature for successful grinding. The present 
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process proposes adding liquid nitrogen, air, or oxygel 
and the like to ‘‘dry ice’ in order to obtain lower tem- 
peratures. By this means, even vulcanized or reclaimed 
rubber can be pulverized to a fine powder and sub- 
stances such as asphalt and rubber can be homogene- 
ously mixed. 
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Written Reports 


T HAS been common practice in high-school chemis- 

try courses to require some sort of reading beyond 
the assignments in the textbook. This extra mate- 
rial is usually then presented by the student in the form 
of an oral or written report. The present paper sum- 
marizes some seven years of experience with this type 
of work, where written reports were required. The 
subject is not an original one, but some of the points 
presented here may be of interest to other teachers. 

Subjects of Reports. The range of possible subjects 
isalmost unlimited. It has been found wise to provide 
a somewhat restricted list of subjects at the start of the 
year, so that the reading will at first have a direct con- 
nection with the textbook work. After one or two 
reports have been written the list is greatly expanded, 
and toward the end of the year the students choose 
their own subjects, merely presenting them to the 
teacher for approval. 

We have found it a good plan to require that the 
first two or three reports be biographical, and the list 
with which we start the year contains only Roger 
Bacon, Paracelsus, Lavoisier, Priestley, and Caven- 
dish. After the first report the list is expanded to 
include Dalton, Boyle, Berzelius, Avogadro, and 
limited student choice beyond these. The biogra- 
phies are valuable because they give a student, at the 
very beginning of the year, some idea of what chemical 
research means and how it is done, some idea of how a 
scientist’s mind works, and some idea of how science 
is related to other human activities. It is suggested, 
arbitrarily, that about one third of the space in the 
report be given to the man’s life (birth, death, marriage, 





character) and two thirds to descriptions of his work; 
these proportions are of course widely variable. A 
mere listing of achievements is discouraged, and the 
complete coverage of all important work is not expected. 
For example, it is considered valuable to have a careful 
description of Lavoisier’s 12-day experiment, with its 
and C 


1 Present address: Mead Joh pany, Evansville, Indiana. 
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significance, even if it means that no mention is made 
of his plan for the lighting of Paris or his tabulation 
of the elements. Since different students are likely 
to find that different experiments appeal to them we 
find that reports even from half a dozen students on 
one man provide interesting variety in reading. Excel- 
lent reports have come in which scarcely mentioned 
Lavoisier’s experimental work but were concerned with 
the social implications of his life. 

As time goes on the range of subjects branches out 
until they may eventually have relatively little to do 
with chemistry. Usually a slim thread of connection 
is required, but this is sometimes almost invisible. 
Thus, reports on the quantum theory or relativity are 
permissible. One on the history and economics of 
sulfur production is allowed, but it is suggested that the 
history department be consulted. If a student wants 
to write a report on migratory labor, as sometimes 
happens, the request is turned down. 

Length and Quality. The length of reports and the 
time taken to write them will of course vary widely with 
the time that is available. We have required a report 
every two weeks throughout the year, with extensions 
to three and even four weeks for complicated subjects. 
The length of the paper is emphatically not defined. 
“A good four-page report is much better than a poor 
fifteen-page one.”” The length of the reports received 
seems to vary, actually, from four pages written long- 
hand to fifteen typewritten pages, and the average is 
probably about eight longhand pages. We demand 
high quality in the composition. This is in line with 
the principle, continually emphasized in THis JOURNAL 
and elsewhere, that a scientist falls short of his full 
usefulness if he cannot express his ideas well. In the 
cases where the English is so bad that the chemistry 
teacher feels unequal to the task of correction and 
suggestion, the student is sent to his English teacher for 
help. In general we do not require that a poor report 
be rewritten; it seems better to have suggestions for 
improvement applied to new material. 
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Manner of Presentation. Questions come up each 
year: ‘For whom are we writing these reports? Are 
they to show how much we know? Are they for our 
own future use? Should they be written so anyone 
can understand them?’ After several years a success- 
ful formula was devised: ‘‘Write your report so that 
it will be clear and interesting to anyone who knows 
no more about the subject than you did before you 
started to read about it.’”’ This leaves sufficient lee- 
way for differences in style and ability. Also it allows 
for a series of reports increasing in complexity, since it 
is not necessary to reéxplain technical terms previously 
defined. 

We struggle for simplicity in expression. The follow- 
ing paragraph, mimeographed, has been given to each 
student at the beginning of the year: 


“In scientific reports, as in any other writing, it is possible to 
spoil excellent material by poor presentation. One tendency is 
to sacrifice clarity and interest for a show of learning. Technical 
words and involved technical statements are used where common 
terms and simple explanations could have been used. This 
method is too often used by little people to impress other little 
people. Textbooks, particularly, often fall into exactly this 
fallacy. The author apparently reasons that he is teaching sci- 
ence, and must therefore use ‘scientific language.’ The best 
scientific language down through the ages has always been the 
best common language of its environment. The more abstruse 
an idea is, the more a wise author strives to express it simply, so 
that no additional complication is introduced by the expression. 
Technical words obviously have their place. They are used when 
by this means an idea can be most simply expressed.”’ 


The improvement in quality of the reports as the 
year progresses is startling, although we willingly give 
most of the credit for this to the English department. 

Sources. Here, of course, is one of the greatest 
difficulties in a program of this sort. Without ade- 
quate source books very little can be done. If a large 
library is available this difficulty does not arise. How- 
ever, much is possible with a small collection of books. 
Once the program is under way the chemistry library 
expands with surprising speed. We require that at 
least two sources be consulted before the report is 
written. Actually the average bibliography contains 
about four references. The Encyclopedia Britannica 
is invaluable, and we were fortunate in having both 
the 11th and the 14th editions. Aside from these, we 
started with Slosson’s ‘‘Creative Chemistry, ’’ Leonard’s 
“Crusaders of Chemistry,’ Timm’s ‘Introduction 
to Chemistry,’’ and Vallery-Radot’s “Life of Pasteur.’ 
In the course of the last seven years we have added two 
or three dozen much-thumbed volumes, including 
French’s ‘Torch and Crucible,’ Bodansky’s ‘‘Physio- 
logical Chemistry,’’ Cannon’s ‘“‘Wisdom of the Body,”’ 
Born’s ‘“‘This Restless Universe,’ a couple of organic 
chemistry texts, and many others. Up to a certain 
point, advanced texts are very valuable (e. g., Bodan- 
sky). Where, however, much mathematics appears 
in the treatment of the advanced subject, the students 
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get lost, and therefore books of this sort have not 
proved practical. We are fortunate in having a little 
booklet by Rosenstock-Huessy, of Dartmouth, called 
“A Classic and a Founder,” which contains some 
fascinating material on Paracelsus, very difficult to 
find elsewhere. We have subscribed to the JouRNAL 
OF CHEMICAL EpucaTION, the Science Leaflet, and 
Popular Science, and find some of the industrial litera- 
ture very valuable. Fisher’s Laboratory, and Arthur 
D. Little’s Industrial Bulletin are always interesting. 

General. The reports, used continuously over the 
past seven years, have proved to be one of the most 
important parts of the chemistry course. Students 
returning after four or five years say that their premedi- 
cal work, for example, was made much easier by a 
series of reports they had written along physiological 
chemical lines. 

There follows a partial list of the subjects covered, 
in a class of 17 students, in the course of a normal year: 

Biographies of Cavendish, Boyle, Scheele, Lavoisier, 
Dalton, Paracelsus, Priestley, Curie, Bohr, Roger 
Bacon, Ramsay, Pasteur, Arrhenius, Thomson, Mose- 
ley, Mendeleef, Rutherford; radioactivity, x-rays, 
agricultural chemistry, electrochemistry, colloids, cath- 
ode rays, osmosis, periodic table, gas warfare, diges- 
tion, antisepsis and asepsis, pharmacology, fertilizers, 
organic chemistry (general papers as well as specific 
ones on synthetic rubber, homocyclic compounds, 
sugars, proteins, stereochemistry), blood, respiration, 
explosives, theories of acids and bases, nuclear struc- 
ture, bromine, isotopes, vitamins, anesthesia, plastics, 
ionization, theories of solution, sulfuric acid manu- 
facture, sulfur extraction, valence, cosmic rays, yeast, 
blood clotting, ceramics, textiles, water purification, 
perfumes, structure of water, glass, inks, metallurgy 
of copper, alloys, corrosion. 

Finally, it seems almost unnecessary to say that the 
instructor who reads the papers benefits even more than 
do the students who write them. He is presented 
with a great fund of facts and ideas that have appealed 
to the students. This must improve the quality of 
his teaching. If the present author ever writes a 
textbook in chemistry it will be dedicated to the 
hundreds of students whose reports, on hundreds of 
subjects, he has read. 


Notes 


Miss Anna L, Brawley, chemistry teacher at the High 
School of Practical Arts, Boston, and member of the 
N.E.A.C.T. since 1939 died suddenly on May 11, 1944. 
She served as chairman of the Central Division in 
1940-41. 

Miss Brawley received the A.B. and A.M. degrees 
from the Boston Teachers College. She is survived by 
her parents, Mr. and Mrs. Harry Brawley, 40 Hillside 
Road, Roxbury, Massachusetts, a sister, Mrs. Edward 
Ronan, and a brother, Harry Brawley. 
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SYSTEMATIC INORGANIC CHEMISTRY (of the Fifth and Sixth 
Group Nonmetallic Elements). Don M. Yost, Professor of 
Inorganic Chemistry, and Horace Russell, Jr., Instructor in 
Chemistry, California Institute of Technology. Prentice- 
Hall, Inc., 1944. xx + 423 pp. 78 figs. 109 tables. 15 X 
23cm. $4.60. 


The spirit of this book is well indicated by the opening para- 
graph of the preface: 

“Inorganic chemistry has undergone a marked transition in the 
last three decades as it has grown from an almost purely de- 
scriptive branch of science to a field in which all of the modern 
developments of physics and chemistry find application. In this 
field the quantum theory plays an important role in the establish- 
ment of energy states and molecular structures and in the explana- 
tion of the periodic law; thermodynamics finds application in the 
prediction of the degree of completion of chemical reactions at 
equilibrium; statistical mechanics makes possible the calcula- 
tion of the thermodynamic properties of substances from atomic 
and molecular data and deepens our insight into the still unsolved 
problems of the rates of chemical reactions; finally, the phenom- 
ena of natural and artificial radioactivity not only increase our 
knowledge of the fundamental structure of matter but also, 
through the use of radio-elements as tracers, greatly extend our 
understanding of the mechanisms of chemical reactions. From 
these considerations it is evident that any discussion of a chem- 
ical element or compound iscomplete only when the spectroscopic, 
structural, thermodynamic, chemical, kinetic, and nuclear 
properties have been considered. In addition to these more 
modern aspects of the subject, due consideration must be given 
to the older, humbler, but nevertheless important, chemical 
facts that one finds in simple experiments with test tubes, 
beakers, and flasks.”’ 

In sp**e of the fact that the scope of this book is limited to the 
chemist:; of only six elements (nitrogen, phosphorus, oxygen, 





sulfur, s*'.nium, and, tellurium), it is a volume which every 
teacher of inorganic chemistry, and every practicing inorganic 
chemist, should own. It represents a new point of view in the 
writing of inorganic textbooks, and will be stimulating and 
thought-provoking even to those who do not wish to use it as 
atext. The factual material of inorganic chemistry, both old 
and new, is carefully selected and critically discussed with fre- 
quent references to the original literature. The great amount 
of information which is summarized in the figures and tables 
gives the book considerable value in reference work—a value 
which is enhanced by the detailed indexes. 

The usefulness of this volume is diminished, of course ,by its 
very limited scope. It is hoped that the authors will see fit to 
extend the work as soon as time permits. 

Joun C. BAILar, JR. 


UNIVERSITY OF ILLINOIS 
URBanaA, ILLINOIS 


A LABORATORY MANUAL OF PLASTICS AND SYNTHETIC RESINS. 
G. F. D’Alelio, Director of Research, Prophylactic Brush Com- 
pany. John Wiley and Sons, Inc., New York, 1943. vii + 
134 pp. 19 X 27cm. $2.00. 


The first laboratory manual in the field of plastics contains 88 





experiments which include all the common types of polymeric 
Teactions except the preparation of the polyalkylene sulfides. 
Twenty-six test methods are given for determining various 
Physical and chemical properties of the resins. Enough practical 
experiments are included to satisfy teachers who are sending 
students directly into the field. Suggested extensions of some ex- 
periments are given which should stimulate the best students, 
and some of these might well be used for problems in research on 
the undergraduate level. The questions included are thought 
Provoking and pertinent. About one-fourth of the experiments 
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were repeated in this laboratory and the directions were found to 
be adequate for a competent undergraduate who had had a year 
of organic chemistry. The reviewer would suggest one addition 
to the manual: a statement of the average yields which might be 
expected from the reactions that are organic preparations of 
simple compounds. The appendix contains a list of sources 
where materials and apparatus may be purchased. 
LEALLYN B. CLAPP 


Brown UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


A SHort Course IN QUANTITATIVE ANALysis. Hobart H. 
Willard, Professor of Analytical Chemistry, University of 
Michigan, NV. Howell Furman, Professor of Chemistry at Prince- 
ton University, and John F. Flagg, Assistant Professor of 
Chemistry, University of Rochester. D. Van Nostrand Com- 
pany, Inc., New York, 1943. ix + 253 pp. 28 figs. 9 tables. 
15 X 22cm. $2.50. 

This book was designed by the authors to meet the needs of 
special groups of students such as those in premedical, predental, 
nursing, agricultural, and engineering curricula, for training, at 
an elementary level, in the theory and practice of quantitative 
analysis. The authors state in their preface: ‘‘For these stu- 
dents, a course in quantitative analysis serves as a background 
for more specialized study in the particular field of interest. 
Such a course should provide an understanding of the theory of 
quantitative procedures and moderate training in the technique 
of the more common analytical operations which these students 
may need to use.” 

The authors have used as a framework the standard text, 
“Elementary Quantitative Analysis,” by Willard and Furman. 
In regard to this frame they state, ‘‘. . . numerous eliminations 
and revisions have been made in it to produce a book that will 
cover only what is considered a reasonable amount of work for a 
one-semester course in quantitative analysis,” but admit in the 
next paragraph, “in this book will be found somewhat more ma- 
terial than can be covered in the normal term of 14 or 15 weeks.”’ 

The first five chapters and 66 pages are devoted to the theory 
and principles of analytical chemistry together with an introduc- 
tion to certain general analytical techniques. The next six 
chapters and 114 pages are given over to simple volumetric pro- 
cedures. The last two chapters and 57 pages are devoted to the 
theory and practice of gravimetric analysis. An appendix of 27 
pages includes the following items: Literature of Analytical 
Chemistry, Mathematical Operations, Stock Solutions of Acid- 
Base Indicators, Dissociation Constants of Acids and Bases, 
Solubility Products, and Common Logarithms. 

The experiments are chosen from among the determinations 
which are common in most elementary courses in quantitative 
analysis and are illustrative of the more or less classical proce- 
dures of g-avimetric and volumetric analysis. They are not 
chosen with a regard to the special interests of the special groups 
to which the book is addressed. Some potential users of this text 
will regret that the whole subject of instrumental methods of 
analysis is avoided, especially in view of the importance of such 
methods in the workaday lives of the nonchemists who might be 
expected to take such a brief course in quantitative analysis dur- 
ing their preprofessional training. 

A generous group of well-designed problems is placed at the end 
of most of the chapters. Some of the problems are provided with 
answers, a fact which will be welcomed by students using the book 
and probably by the busy instructors also. 

Literature citations are numerous and are given in footnotes. 

The drawings, tables, printing, and binding all contribute to a 
book which is attractive and pleasing to use. A minimum of 
“fine print”’ will encourage the student to omit little of the ma- 
terial. 
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A few irregularities of style are noted. For instance, the follow- 
ing three methods of indicating trivalent positive ions are used, 
Fet+++, Fe3, and Mot*, Some reactions are written in ionic form 
while others of similar nature are written with all components 
in molecular form. There are some teachers, especially those 
recently imbued with modern theories of solutions, who will ob- 
ject to writing a molecular equation for a reaction in which the 
reactants and products are known to be ions in dilute solution. 
The reviewer agrees with the authors that there are arguments in 
favor of such practice. 

The authors and publishers are to be thanked for making avail- 
able a book whch will prove useful in one-semester courses in 
quantitative analysis, especially one which follows so closely the 
structure of Willard and Furman’s ‘Elementary Quantitative 
Analysis’ which has proved to be such a widely accepted text- 
book in this field. CHESTER M. ALTER 


Boston UNIVERSITY 
Boston, MASSACHUSETTS 


THE CHEMISTRY OF CELLULOSE. Emil Heuser, The Institute of 
Paper Chemistry. John Wiley and Sons, Inc., New York, 
1944. v + 660 pp. 112 figs. 87 tables. 14 X 22 cm. 
$7.50. 


The American literature on high polymers, especially on cellu- 
lose, has been enriched during the last few years. The Mark 
series and the Ott book on “Cellulose and Cellulose Derivatives’’ 
give an excellent picture of our knowledge of one of the most 
important natural products—cellulose. Professor Heuser’s book, 
“The Chemistry of Cellulose,” is a most welcome addition to 
the earlier publications; it has put the accent on the chemical 
part of the cellulose problem. 

This could only be done properly by an author who has de- 
voted more than one and one-half score of years to investiga- 
tions in the field of cellulose. Professor Heuser’s book contains 
an authoritative review of the chemistry of cellulose since H. 
Bracconnot (1882), T. J. Pelouze (1838), and A. Payen (1842), 
although Payen’s contributions are not mentioned. Those who 
want to enter the interesting field of cellulose research and 
cellulose technology will welcome. Heuser’s book; those who 
have contributed to our knowledge in these fields will find in it an 
abundance of well-presented information. 

E. BERL 


CARNEGIE INSTITUTE OF TECHNOLOGY 
PITTSBURGH, PENNSYLVANIA 


TRATADO DE Quimica OrGANIcA. Enrique V. Zappi, Professor 
of Organic Chemistry in the Universities of Buenos Aires and 
La Plata. First Edition. VolumeI, Part I. xvii + 651 pp. 
58 figs. 63 tables. 15.5 X 23.5cm. Published by Libreria 
y Editorial ‘‘El Ateneo,’ Buenos Aires, Argentina, 1944 
($30.00 argentine). 


This extensive ‘‘Treatise on Organic Chemistry”’ consists of 
two volumes issued in five parts. The scope of the work is 
indicated by the titles of the various parts. Volume I, ‘“‘Acyclic 
Series,” is to have two parts: Part I (reviewed here) and Part 
II to appear in 1945. Volume II, ‘Cyclic Series,’’ consists of 
Part I, ‘‘Aromatic compounds” [xvi + 520 pp. (1941)]; Part II, 
“Aromatic derivatives with aliphatic functional groups’ [xiv + 
532 pp. (1942)]; Part III, ‘Heterocyclic compounds” [xii + 
522 pp. (1942)]. The three parts of Volume II are not sold 
separately ($75.00 argentine). 

Part I of Volume II was very favorably reviewed in this 
Journal [19, 98 (1942)]. The objectives of the work and its 
general characteristics were given there in considerable detail. 
There is no point in repeating here what has been so well said 
by the previous reviewer, whose opinions are shared by the 
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present writer. The prospective purchaser is urged to read this 
earlier commentary, 


Volume I, Part I, exhibits the same high order of excellence, 
The author is thoroughly at home in his field, and knows how to 
write clearly, forcefully, and interestingly. He has constantly 
kept in mind his dictum, ‘‘Organic chemistry cannot be learned 
by memorizing; it must be understood.”’ More than the usual 
emphasis is given to the history of the development of the subject. 
Many interesting data are included in the 63 tables. The treat- 
ment of the theory has been kept in step with the newer develop- 
ments, while retaining the classical methods of approaching proofs 
of structure and the like. The industrial applications are dis- 
cussed in adequate measure. 

The subject matter has been divided into 15 chapters that have 
been grouped under the general headings: Historical evolution; 
Analysis and Synthesis; Hydrocarbons and their derivatives; 
Petroleum; Alcohols. The usual laboratory operations are dis- 
cussed in sufficient, but not too great, detail; likewise, the pro- 
cedures used in ultimate analyses. The publisher has given the 
text the excellent format it deserves. 

The present reviewer reiterates the hope of his fellow-reviewer 
that the usefulness of the book will not be confined to Spanish- 
speaking countries and schools. ‘For those interested in learn- 


ing chemical Spanish, here is a first class book.” 
Rapu E. OESPER 


UNIVERSITY OF CINCINNATI 
CINCINNATI, OHIO 


SECOND YEAR COLLEGE CHEMISTRY. William H. Chapin, 
Emeritus Professor of Chemistry, and Luke C. Steiner, Pro- 
fessor of Chemistry, both in Oberlin College. Fifth Edition, 
revised by Professor Steiner. John Wiley and Sons, Inc., 
New York, 1943. vii +575 pp. 60 figs. 69 tables. 14.5 X 
22cm. $3.75. 


The fifth edition of this well-known text will be welcomed by 
many. If you are one who believes that ‘second-year chemistry 
should be an introduction to physical chemistry and an accurate 
restatement of the fundamental principles of chemistry, then this 
book is worthy of your careful consideration. Indeed, there are 
few choices of texts for such a course as the authors intend. The 
only text coming to mind as offering an approximately parallel 
treatment is that of Meldrum and Gucker. 

The fifth edition of Chapin and Steiner differs from earlier 
editions as follows: A more complete and exact treatment of 
solutions is given, a chapter has been added on crystalline solids 
and structural relationships, and correlation of chemical be- 
havior with physical properties is emphasized in the chapters on 
liquids and on solutions. Also a somewhat more mathematical 
treatment is given in the early chapters. In addition, a great 
many other parts of the book have been revised and new tables 
and figures included. A feature found in earlier editions, but not 
in the fourth, is a large group of miscellaneous problems at the 
end of the text. Answers to the problems are not given. 

The reviewer does not favor this method of teaching chemistry. 
He must, however, admit that the best students will get great 
satisfaction out of the introduction to rigorous thinking which 
such an approach offers. On the other hand, the average stu- 
dent, of whom there are many, will probably decide to major in 
some other subject. Furthermore, in a liberal arts college the 
time available for any one subject is not large, and devotion of 
more than about one and one-half years to physical chemistry 
leads to an unbalanced curriculum. 

Apart from this question of educational philosophy, the book 
can be strongly recommended. It is remarkably free from errors 
of fact, interpretation, or typography. The publishers are to be 
congratulated on turning out a highly presentable product, under 
what must be increasingly trying publishing conditions. 

P. W. SELWooD 


NORTHWESTERN UNIVERSITY 
EVANSTON, ILLINOIS 
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$-84805—0.01°C Constant Temperature Water Bath 


WO models are available, one provides a temperature 

uniformity of 0.01°C and the other, a temperature 
uniformity of 0.25°C. Common to both baths is the cir- 
culating and heating system upon which depends their 
excellent performance and field service record. The heat- 
ing-circulating system consists essentially of motor, tower. 
impeller and heating units, all assembled as a single 
compact unit. By means of this arrangement, heat is 
correctly applied to the water at the point of its most 
rapid circulation. As shown above, water is forced up 
the tower where it passes over the heating elements and 
is then radially ejected at the top of the tower producing 
fast, uniform circulation of the entire volume which is 
necessary for absolute temperature uniformity through- 
out every area of the bath. 


ONSTANT TEMPERATURE WATER BATHS 


S-84860—0.25°C Constant Temperature 
Water Bath 





<Heating-circulating tower contains impeller 

and heating units. This design provides for 

efficient circulation, heat transfer and tem- 
perature uniformity. 


Both baths also provide a high 
ratio of unobstructed working 
space to overall size by concentrat- 
ing control equipment within a small area. 

The baths are easy to clean and assemble. The heating- 
circulating system of each model does not incorporate 
clamps or supporting devices of any kind. These integral 
units are merely lifted out of the glass containers. 

Immersed vessels are fully visible through the trans- 
parent walls of the Pyrex glass containers. Measurements 


‘of capillary rise, liquid flow, etc., by cathetometer or by 


simple unaided observation under water level can be made 
with undiminished accuracy. ; 





S-84805 0.01°C CONSTANT TEMPERATURE WATER BATH 
(Pat. No. 2,037,993) 

Consisting of the container, the central circulating and heating 
unit with motor, the Sargent mercurial thermoregulator, a cooling 
coil and constant level device, the Sargent Zero Current Relay 
Unit complete with cord and plug for connection to standard 
outlet and with armored connecting cable for connection to the 
water bath. Temperature range, from several degrees above that 
of the cooling water to about 60°C. Diameter, 16 inches; height, 
10 inches; water depth, 9% inches; temperature uniformity, 
+0.01°C. For operation from 115 volt, 60 cycle single phase 


iT a Oe eee Bs seth de Sete pee oe TE OA eat gece 2 $150.00 
384815 Ditto. But for 115 volt D.C. circuit................ 155.00 
$-84825 Ditto. But for 230 volt, 60 cycle, single phase 

RR ae Ses Re PR az ccrecaia 150.00 
$-84835 Ditto. But for 230 volt, D.C. circuit 155.00 
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$-84860 0.25°C CONSTANT TEMPERATURE WATER BATH 

Consists of centra! circulatiig and heating unit which includes 
motor and linear expansion type thermoregulator with tempera- 
ture reference dial to facilitate selection of temperatures, cooling 
coil, constant level device, Pyrex glass container, and cord and 
plug for connection to standard outlet. Height of Pyrex jar, 12 
inches; depth, 12 inches; water depth, 11 inches. Motor, thermo- 
regulator, and heating and circulating tower are all conveniently 
and compactly mounted in a one-piece lightweight casting which 
rests upon the rim of the glass container. Temperature range, 
from several degrees above that of the cooling water to about 
60°C; temperature uniformity +0.25°C. For operation from 115 


$80.00 


volt, 60 cycle circuits 


E. H. SARGENT & CO., 155-165 E. Superior Street, Chicago 11, Illinois 


Michigan Division: 1959 East Jefferson, Detroit 7, Michigan 
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COLLOID CHEMISTRY 


Theoretical and Applied 
Collected and Edited by JEROME ALEXANDER 
Profes 


The most comprehensive and modern treatment off... 
colloid chemistry in any language. The sixtyfhfiny 
papers in this volume, the work of recognized 
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: ; Am 
authorities, contain a huge amount of coordinatedf 
knowledge. This work integrates and interprets «a 

evalu 


the voluminous accounts of research done in many 
highly specialized fields, and is of immense valuch. 
as a reference book for all workers in biochemistryff 
and physical chemistry. i 


1260 Pages Illustrated $20.00 


INFRARED SPECTROSCOPY}... 


Industrial Applications By LO 


By R. BOWLING BARNES, ROBERT C. GORE Sheldon 
URNER LIDDEL aud V. Z. WILLIAMS nivers 


Stamford Research Laboratories, American Cyanamii es 


Company, Stamford, Conn. HEM 


Much of the data for determinations of physicalf*™ < 
properties from fundamental spectroscopic measuref.jo jm 
ments must be obtained from the infrared spectrumftest j 
This volume contains exhaustive data in this field fAccura 
It is valuable not only to physicists and chemists, ble ad 
but to all those engaged in industries in which th 112 p: 
identification and composition of materials play 
part, such as the manufacture of synthetic rubbe 


and petroleum derivatives. 10C 
236 Pages $2.25 AT] 
ind 7 
WOOD CHEMISTRY pW, 
Edited by LOUIS E. WISE Sa 
Institute of Paper Chemistry, Appleton, Wisconsin dynan 





wit; : f subst 
An entirely new treatise in which all the vast, Subst 


complexity of wood and cellulose chemistry is disfaiue ¢¢ 
cussed and to a great extent resolved by an oUutfields, in 
standing authority in each field. Comprising aiemists 
invaluable compendium of up-to-date informatiogf, Page 
in both theoretical and practical aspects of thi 
vital subject, this volume is of great importance 
organic chemists, and to research workers in thé 
pulp and paper, rayon, cotton and wood producti 


industries. 30 \ 
900 Pages Illustrated $11.50 
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The CONSTITUENTS of WHEAT 
and WHEAT PRODUCTS 


2 |B C. H. BAILEY 


q Professor of Agricultural Biochemistry and Director of the 
“At ol Ugricultural Experiment Station, The University of 
SIXxty pe 
nized 
nated 
This volume presents an exhaustive and critically 
rprets 
valuated survey of the many studies made on 
| wheat’s chemical constituents interpreted in the 
value ight of modern knowledge of nutrition. Workers 
Nisttyfn the food and cereal processing industries will 
ind this book a most valuable addition to their 
ibraries. 


40 Pages Illustrated $6.50 


American Chemical Society Monograph No. 96 





many 


20.00 


PY RGANIC CHEMISTRY 


y LOUIS F. FIESER 


ORE Sheldon Emery Professor of Organic Chemistry, Harvard 
niversity and MARY FIESER, Research Chemist 


overing the field of elementary organic chemistry 
horoughly, Fieser and Fieser’s ORGANIC 
HEMISTRY presents clear, complete explana- 
ysical ions of both principles and applications. - ‘This 
J olume répresents the most recent scientific de- 
asurCBelopments and thought in the field, and offers 
trUuMftest information on all phases of the subject. 
; fieldAccurate and reliable throughout, it is an invalu- 
mists le addition to your library. 


ch tha 112 Pages Illustrated $8.00 
play 3 
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BIOCHEMISTRY of the 
S2FATTY ACIDS 
nd Their Compounds, The Lipids 


y W. R. BLOOR 


rifessor of Biochemistry and Pharmacology, The Uni- 
ersity of Rochester, Rochester, N. Y. 


n dynamically important study of the vital group 
f substances included in the term ‘‘fatty acids,” 
i is comprehensive critical review is of inestimable 
18 ClSfalue to those in the food and phamaceutical 
n OUtfelds, including physicians, nutritionists, organic 
ing algremists and biochemists. 


na C1047 Pages Illustrated $6.00 
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The CHEMISTRY of 
ALIPHATIC ORTHOESTERS 


By HOWARD W. POST 
Department of Chemistry, University of Buffalo 
American Chemical Society Monograph No. 92 
This volume co-ordinates and presents the material 
available on the orthoesters of aliphatic carbon, 
namely, those of orthoformic acid and its homologs 
and of orthocarbonic acid. To facilitate reference, 
this comprehensive work is indexed by subject and 
by author. 


188 Pages Illustrated $4.00 


The CHEMISTRY of NATURAL 
COLORING MATTERS 


The Constitutions, Properties and Biological Rela- 
tions of the Important Natural Pigments 


By FRITZ MAYER, Former Professor of Chem- 
istry, The University of Frankfort-on-Main 
Translated and Revised by A. H. COOK, De- 
partment of Chemistry, Imperial College of 
Science, London 

American Chemical Society Monograph No. 89 
This unique and masterly treatise presents a vast 
amount of essential data on the constitution, physi- 
cal constants, structures, and functions of all the 
known pigments and related substances. In easily 
accessible form, the extensively documented basic 
information should prove of greatest interest to 
biochemists, dye technicians, and students of 
organic structure. 


354 Pages $10.00 


The PHYSICAL CHEMISTRY of 
ELECTROLYTIC SOLUTIONS 


By HERBERT S. HARNED, Professor of Chem- 
istry, Yale University and BENTON B. OWEN, 
Associate Professor of Chemistry, Yale University 

American Chemica] Society Monograph No. 95 
The theory and properties of strong and weak 
electrolytes are authoritatively dealt with in this 
comprehensive volume. It includes the treatment 
of all of the thermodynamic properties of ionic 
solutions, as well as conductance, frequency and 
field effects, viscosity, and diffusion. Of great 
value to investigators and students in any field 
which involves ions in solution, this treatise re- 
duces theoretical equations to their simplest forms 
and supplies numerous tables to aid in practical 
computations. 


611 Pages Illustrated $10.00 


Send Today for New Free 1944 Catalog, ‘Let’s Look It Up” {200 Titles} 


oe REINHOLD PUBLISHING CORP. 


30 West 42nd Street 


New York 18, N. Y. 


$11.5 Also publishers of Chemical Engineering Catalog, Metal Industries Catalog, Metals and Alloys, 
Scientific, Technical, and Architectural Books 
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List of Books on Display at the 
COMBINED BOOK EXHIBIT 
Mezzanine, Hotel Pennsylvania, New York Cily 
Septemter 11-15, 1944 


HE Combined Book Exhibit is sponsored by 

the Division of Chemical Education and is 
made possible by the cooperation of twenty-eight 
leading book publishers. Books will be arranged 
in library troughs in the same order in which 
they appear in this list. Members attending 
the New York meeting of the American Chemi- 
cal Society are invited to visit the exhibit, which 
will be open daily from 9:00 a.m. to 6:00 P.M. 


HIGH SCHOOL TEXTS 


AHRENS, BusH and Eas.ey. Living Chemistry. 1942 546 pp 
$2.28 Ginn and Company. 

BLack and Conant. New Practical Chemistry. 
tion). 1942 668pp $2.20 Macmillan. 
BRAUER. Chemistry and Its Wonders. 1938 

American Book. 


Hoce, Joun C., and BrcKeL, CHARLES L. Elementary General 


(Revised Edi- 


768 pp $2.20 


Chemistry. 1941 603pp $2.12 Van Nostrand. 
SURVEY 
BOWDEN. JMan’s Physical Universe (2nd Edition). 19438 832 


pp $4.00 Macmillan. 

CHERONIS, N. D., Parsons, J. B., 
Study of the Physical World. 1942 
Mifflin 

Dyer, WALTERS. Practical Survey of Chemistry. 
$2.90 Henry Holt. 

EHRET, SPOCK, SCHNEIDER, VAN DER MERWE and WAHLERT. 
Physical Science. 1942 639pp $3.90 Macmillan. 

FRENCH, SIDNEY J. The Drama of Chemistry (2nd Edition). 
1944 185pp $1.25 University Society. 

JEAN-HARRAH-HERMAN-PowErs. Man and his Physical Uni- 


and RONNEBERG, C. E. A 
908 pp $3.85 Houghton 


1941 


verse. 1943 616pp $3.50 Ginn and Company. 
Krauskopr. Fundamentals of Physical Science. 1941 660 pp 
$3.50 McGraw-Hill. 


GENERAL AND INORGANIC 


General College 


BaBor, JOSEPH A., and LEHRMAN, ALEXANDER. 
$3.75 Cro- 


Chemistry. (Revised and reset 1940). 659 pp 
well, 

BaBor, JosepH A., and KREMER, CHESTER B. How to Solve 
Problems in General Chemistry. 88 pp 75c 1941 Crowell. 

Basor, JOSEPH A., and LEHRMAN, ALEXANDER. Introductory 
College Chemistry. 1941 662pp $38.50 Crowell. 

Bray-LATIMER. A Course in General Chemistry (3rd Edition). 
1940 206 pp $1.75 Macmillan. 

BRINKLEY. Introduction to General Chemistry (2nd Edition). 
1938 731 pp $3.50 Macmillan. 

BRINKLEY. Principles of General Chemistry (8rd _ Edition). 
1941 703 pp $3.75 Macmillan. 

BRISCOE, HERMAN T. An Introduction to College Chemistry. 
1940 659 pp $3.40 Houghton Mifflin. 

BRISCOE, HERMAN T. General Chemistry for Colleges (3rd Edi- 


tion). 1943 944pp $4.25 Houghton Mifflin. 
CHAPIN and STEINER. Second Year College Chemistry (5th Edi- 
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THE THEORY OF RESONANCE AND ITS 
APPLICATION TO ORGANIC CHEMISTRY 
By GEORGE WILLARD WHELAND, Depart- 
ment of Chemistry, University of Chicago 

A complete treatment of resonance directed to the 
organic chemist, this book will prove of value also 
to physical chemists in industrial research. The 
approach is non-mathematical, and assumes no 
previous acquaintance with quantum mechanics. 
Completely rigorous in presentation, the book lays 
a thorough groundwork in the study of resonance. 
Ready in October. 

Approx. 319 pages; 514 by 834; 
Probable Price $4.50 


CHEMISTRY OF COAL UTILIZATION 
Volumes I and II 


Edited by H. H. LOWRY, Director, Coal Re- 
search Laboratory, Carnegie Institute of Tech- 
nology 

Chemists and chemical engineers working with coal 
will find these two volumes of great value. A digest 
of the voluminous literature on the scientific and 
practical aspects of coal utilization, there is no 
similar treatment of the subject in any language. 
Written by 35 authors, each a recognized authority 
in his field, the books offer convenient and authentic 
material on the present knowledge of coal and its 
utilization, on which future progress must be based. 
Ready in November. 

Approx. 1134 pages per volume; 574 by 8;%: 
Probable Price $20.00 per set 


THEORY OF X-RAY DIFFRACTION IN 
CRYSTALS 
By W. H. ZACHARIASEN, Associate Professor 
of Physics, University of Chicago 
This book provides a complete and logical presenta- 
tion of the foundations of the field of crystal struc- 
ture, dealing with principles and underlying theory. 
The contents include complete presentations of the 
theory of the internal structure of crystals, the 
theory of x-ray diffraction in ideal and real crystals, 
and of other specific theories now in use in the inter- 
pretation of the experimental data. Ready in 
December. 
Approx. 253 pages; 514 by 8¢; 
Probable Price $4.00 


New WILEY BOOKS 


Vv 


PROTECTIVE AND DECORATIVE 
COATINGS 

Volume V. Analysis and Testing Methods 
Edited by JOSEPH J. MATTIELLO, JVice- 
President and Technical Director, Hilo Varnish 
Corp. 

The fifth volume of this five-volume treatise contains 
information not only for the analyst, but for every- 
one interested in paint, varnish and resin technology. 
This book is a useful compilation of methods and 
data heretofore scattered in numerous reference 
sources, together with much new material on the 
subject. Ready Fall 1944. 

Approx. 600 pages; 6 by 9; Probable Price, $6.50 


HANDBOOK FOR CANE SUGAR 
MANUFACTURERS 
By the late GUILFORD L. SPENCER and 
GEORGE P. MEADE. 
This book provides selected analytical procedures 
and reference tables for the routine chemist, explains 
and compares methods of chemical control and gives 
a concise survey of the manufacture and refining 
processes. Revisions have been made to conform 
with recent findings in the field; the scope of the 
book has been considerably extended. A new chap- 
ter has been added on the theory and practice of 
crystallization in motion, and many chapters have 
been expanded. Ready in October. 
Eighth edition; Approx. 845 pages; 51% by 8°«; 
Probable Price $8.00 


FOOD ANALYSIS 
By ANDREW L. WINTON and KATE BARBER 
WINTON. 
Methods described in this volume include not only 
those that have been tested and adopted in the 
United States and other countries, but many that 
have been only recently developed in recognized 
laboratories. A feature of special interest to the 
chemist of general experience, who only occasionally 
enters the field of food chemistry, is the valuable 
introductory matter, giving explicit details. More 
than a thousand methods and modifications are 
included, and the presentation is concise without 
omission of essential details. Ready in November. 
Approx. 1339 pages; 57% by 8;%: 
Probable Price $12.50 


For Additional Wiley Books see page IV 


JOHN WILEY & SONS, Inc. 


440 Fourth Avenue 


New York 16, N. Y. 
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Just Published 


a new text of outstanding importance 


GENERAL CHEMISTRY 


By JOHN ARREND TIMM 


Professor of Chemistry and Director of School of Science, Simmons College 


683 pages, 5'/s x 8'/4, 188 illustrations. 


$3.75 


International Chemical Series 


Here is a text that should quickly take its place among the leading books in the field 
It is designed to meet the needs of those students who plan to use 
chemistry in their professional education, and is suitable for use both by those who have 
had no previous course in chemistry and by those who have completed an elementary course 
in a secondary school. 


Noteworthy Features 


. Writing in a vigorous, almost conversational 


style, Professor Timmttalks to the student as he 
would in his own classroom, explaining things 
clearly and graphically in a manner that gives 
zest to the course and inspiration to the student. 


2. The sound modern approach is not encumbered 


with the remnants of dead theories that make so 
many texts unnecessarily difficult for beginners. 


. More space than usual is devoted to a careful 


discussion of the fundamental theory. Repeti- 
tion of important principles occurs frequently 
and in each case the treatment is more quanti- 
tative and complete. By this device review is 
encouraged; the student’s command of the 
subject is broadened, and the material more 
firmly fixed in his mind. 


. The treatment of the theory is modern. The 


Lowry-Bronsted acid-base definitions are used 


consistently. The older definitions, however, are 
carefully pointed out as a special case that is 
incorporated in the general ones. Recent indus- 
trial developments are included. 


The material on atomic structure and the nature 
of valence has been applied to a study of the 
states in which matter may exist. The nature 
and magnitude of the forces of attraction be- 
tween ions, atoms, and molecules are discussed 


so that the student may explain the fundamental - 


physical properties of the substances that he 
investigates in the laboratory. 


Each chapter is followed by a group of exercises, 
including both questions and problems. 


An unusually attractive format, and illustrations 
and drawings of exceptional quality and interest, 
have resulted in a truly distinctive example of 
bookmaking. 


Send for a copy on approval 











McGRAW-HILL BOOK COMPANY, Inc. 


330 West 42nd Street, New York 18, N. Y. Aldwych House, London, W.C. 2 | 
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$75.00). (Separate supplement to Volume 2, $1.00) Oxford. 

Hesron. Dictionary of Organic Compounds (2nd Edition) 
(Volume 3). 1944 1010 pp $30.00 (Set of 3 volumes 
$75.00) (Separate supplement to Volume 3, $1.00) Oxford, 

Hit and Keitey. Organic Chemistry. 1943 919 pp $4.0) 
Blakiston. 

Huntress and MuLLIKEN. Identification of Pure Organic Com- 


506 pp $3.50 
Chemistry. 193i 
1943 


1943 


pounds. 1941 708pp $7.50 John Wiley. 
Jenkins and Hartunc. The Chemistry of Organic Medicin0 
Products (2nd Edition). 1943 675pp $6.50 John Wiley. 


Karrer, P. Organic Chemistry (Translated from Sixth Germall 
Edition). 1938 900pp $11.00 Nordeman. 

Kippinc, F. STANLEY, and Kippinc, F. Barry. Perkin 
Kipping’s Organic Chemistry (8rd Edition). 1941 
pp $6.00 Crowell. 

Lowy and Harrow. Introduction to Organic Chemistry (5t 
Edition). 1940 400pp $3.00 John Wiley. 
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a4— Textbooks and Reference Books in Chemistry 


2nd Edi 
HILL & KELLEY 
Organic Chemistry. For a rigorous full year’s 
college course. G. A. Hill and Louise Kelley. 
. 919 Pages. $4.00. 
p 34.0 
p 34.5 
WERTHEIM 
$1.7; 
r Textbook of Organic Chemistry. Two-semester’s 
43 603 beginning course. By E. Wertheim. 110 Illus. 
830 Pages. $4.00. 
y. 1941 
p $42 
WERTHEIM 
728 pp. 


Laboratory Guide for Organic Chemistry. 2nd 
Edition)§ Ed. Presents experimental material for a year’s 
work. 24 Illus. 560 Pages. $2.00. 

293 pp 


Carb 
ee") WERTHEIM 


Introductory Organic Chemistry. A year’s be- 
p sig ginning course; presents vital concepts. 82 
Illus. 482 Pages. $3.00. 





y. 1942 


Edition), 

Phenan; . 

WERTHEIM 

p $801) Experiments in, Organic Chemistry. Contains 
-Orcanig | Preparations” and “‘properties” also some bio- 


chemistry experiments. 34 Illus. 221 Pages. 
p $3. $1.35. 


ic Chem- 
y. 19 MULDOON 


194 Textbook of Organic Chemistry. For Students of 

). the Medical Sciences. 2nd Ed. A year’s course 
). 198 for beginners. By H.C. Muldoon. 33 Illus. 590 
Pages. $3.00. 










olume | 


volumes) 


‘Set ff TOWER 


Editioa Qualitative Analysis of Inorganic Substances. 
volumes Oth Ed. Well balanced introductory course. 
Oxford® By O. F. Tower. 92 Pages. $1.50. 

Edition) 

volumes, 

Oxford, 

yp $4.00 WALDBAUER 


Theoretical Quantitative Analysis. For a two- 
semester course. Emphasizes modern viewpoint 
Medicinlg Of structure of matter. By L. Waldbauer. 37 
Wiley. J Illus. 248 Pages. $2.75. 


1 Germall 


nic Com 











DAVIES 


Fundamentals of Physical Chemistry. 2nd Ed. 
For one-semester nonmathematical courses. By 
Earl C. H. Davies. 86 Illus. 447 Pages. $3.50. 


HAWK & BERGEIM 


Practical Physiological Chemistry. 11th Ed. 
A comprehensive laboratory textbook in _ bio- 
chemistry. By P. B. Hawk and Olaf Bergeim. 
281 Text Illus. 7 Colored Plates. 968 Pages. 
$8.00. 


FOWLES 


Lecture Experiments in Chemistry. 2nd Ed. 
Contains 547 experiments with instructions for 
working out. By G. Fowles. 150 Illus. Tables. 
564 Pages. $5.00. 


MELLAN 


Organic Reagents in Inorganic Analysis. All or- 
ganic reagents are described. Reactive groups 
and compounds demonstrated graphically. By 
Ibert Mellan. 682 Pages. $9.00. 


CLAYTON 
Theory of Emulsions and Their Technical Treat- 
ment. 4th Ed. Special emphasis is given indus- 


trial applications and technical treatment. By 
Wm. Clayton. 103 Illus. 492 Pages. $10.00. 


SUCKLING 


Examination of Waters and Water Supplies. 5th 


Ed. Gives physical, chemical and bacteriologic 
techniques. By Ernest V. Suckling. 63 Illus. 
849 Pages. $12.00. 


HACKH-GRANT 


Chemical Dictionary. 3rd Ed. Presents the ex- 
tensive progress in all branches of modern chem- 
istry. Revised by Julius Grant. 217 Illus. 925 
Pages. $12.00. 


i THE BLAKISTON COMPANY 
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Lucas. Organic Chemistry. 1935 692 pp $3.75 American 
Book. 

Macy, R. Organic Chemistry Simplified. 
Chemical Publishing Co. 


1943 431 pp $3.75 


Maver and Coox. The Chemistry of Natural Coloring Matters. 
1943 354pp $10.00 Reinhold. 

Mutpoon. Organic Chemistry (2nd Edition). 
$3.00 Blakiston. 


1936 590 pp 


MULieR. Neuere Anschauungen der organischen Chemie. 1940 
391 pp $10.50 J. W. Edwards. 

PATTERSON and CAPELL. The Ring Index. 1940 661 pp $8.00 
Reinhold. 


PorTER and STewartT. Organic Chemistry. 1943 577 pp 


$4.00 Ginn and Company. 


Post, H. W. The Chemistry of the Aliphatic Orthoesters. 19438 
188 pp $4.00 Reinhold. 
Ray, FRANcIS EARL. Organic Chemistry. 1941 706pp $4.00 


(with problem supplement). J. B. Lippincott. 

Remick. Electronic Interpretations of Organic Chemistry. 1943 
474 pp $4.50 John Wiley. 

RICHTER. Organic Chemistry (Volume I—Chemistry of the 
Aliphatic Series) (3rd English Edition). 1934 804 pp 
310.00 Nordeman. 


RIcHTER. Organic Chemisiry (Volume II—Alicyclic Com- 
pounds) (8rd English Edition). 1939 670 pp $15.00 
Nordeman. 

RicuTter. Textbook of Organic Chemistry (2nd Edition). 1943 


760 pp $4.00 John Wiley. 
SHRINER and Fuson. Systematic Identification of Organic Com- 
pounds (2nd Edition). 1940 312 pp $2.75 John Wiley. 


Sipcwick. The Organic Chemistry of Nitrogen (2nd Edition). 
1937 609pp $8.90 Oxford. 

Situ, L. I. Organic Syntheses (Volume 22.) 1942 114 pp 
$1.75 John Wiley. 

Smit, L. I. Organic Syntheses (Volume 23). 1943 124 pp 


$1.75 John Wiley. 

Suter. Organic Chemistry uf Sulphur. 
John Wiley. 

Tuomas. Anhydrous Aluminum Chloride in Organic Chemistry. 
1941 990 pp $15.00 Reinhold. n 

Watson. Modern Theories of Organic Chemistry (2nd Edition). 
1941 275pp $5.00 Oxford. 


1944 858 pp $10.00 


WertHEMM. Introductory Organic Chemistry. 1942 482 pp 
$3.00 Blakiston. 

WerTHEIM. Textbook of Organic Chemistry. 1939 830 pp 
$4.00 Blakiston. 

WuitTmorE, FRANK C. Organic Chemistry. 1937 1080 pp 


$5.50 Van Nostrand. 
Witurams, Rocer J. An Introduction to Organic Chemistry 
(4th Edition). 1941 628 pp $4.00 Van Nostrand. 
ZECHMEISTER.  Fortschritte der Chemie organischer Naturstoffe. 
Eine Sammlung von zusammenfassenden Berichten. 1938-39 
(3 volumes) $19.50 for set. Vol. I $8.50, Vol. II $8.75, Vol. 
III $6.25. J. W. Edwards. 


PHYSICAL 


Apa. Physics and Chemistry of Surfaces (3rd Edition). 1941 
412 pp $7.50 Oxford. 

Bapor, JOSEPH A., and THIESSEN, GARRET W. How to Solve 
Problems in Physical Chemistry. 214 pp $1.25 1944 Cro- 
well. 

BARRER. 
lan. 

BELL. Acid-Base Catalysis. 1941 

Bowpen. Phase Rule and Phase Reactions. 
$3.00 Macmillan. 

Bowen. Chemical Aspects of Light. 
ford. 

BRUNAUER, STEPHEN. The Adsorption of Gases and Vapors 
(Volume I) Physical Adsorption. 1943 520 pp $7.50 
Princeton University Press. 

BurRK, THOMPSON, WEITH and’ WituiaMs. Polymerization. 
312 pp $7.50 Reinhold. 

CuapmMan-Cow.inc. Mathematical Theory of 
Gases. 1940 404pp $7.50 Macmillan. 

DaniEts, Matuews and Wiiiams. Experimental Physical 
Chemistry (3rd Edition). 1941 460 pp $3.50 McGraw- 
Hill. 


Macmil- 


Diffusion in Solids. 1941 484 pp $6.50 


220 pp $3.60 Oxford. 
1939 303 pp 


1942 199pp $4.00 Ox- 


1937 


Non-Uniform 
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Davies. Fundamentals of Physical Chemistry (Second Edition), 
1940 447pp $3.50 Blakiston. 

DusuMAN, S. Elements of Quantum Mechanics. 
$5.00 John Wiley. 


1938 452 pp 


EYRING, WALTER and KIMBALL. Quantum Chemistry. 1944 
364 pp $5.00 John Wiley. 
Evans. An Introduction to Crystal Chemistry. 1939 388 pp 


$4.00 Macmillan. 
Evans and Davies. Elementary Crystallography (2ud Edition 
1940 155pp $2.25 Nordeman. 
Farkas. Orthohydrogen, Parahydrogen, and Heavy Hydrogen, 
——— pp $3.10 Macmillan (Cambridge University 
ress). 


FARKAS and MELVILLE. 
1939 389 pp $7.50 Macmillan. 

GeTMAN and Dantes. Outlines of Physical Chemistry (7th 
Edition). 1943 69l1pp $3.75 John Wiley. 

GLASSTONE, SAMUEL. Textbook of Physical Chemistry. 
1289 pp $7.50 Van Nostrand. 

GLASSTONE, SAMUEL. Theoretical Chemistry: An Introduction 
to Quantum Mechanics, Statistical Mechanics, and Molecular 
Spectra, for Chemists. 1944 515 pp $5.00 Van Nostrand, 

GucKER and MELprRum. Physical Chemistry. 1942 695 pp 
$4.00 American Book. 

Hammett. Physical Organic Chemistry. 
McGraw-Hill. 

HARNED and OWEN. 


Experimental Methods in Gas Reactions. 


1940 


1940 404 pp $4.00 


The Physical Chemistry of Electrolytic 


Solutions. 1943 607pp $10.00 Reinhold. 

HARRISON, G. R. Wavelength Tables. 1939 429 pp $15.00 
John Wiley. 

HINSHELWOoD. The Kinetics of Chemical Change. 281 pp 
$4.75 1940 Oxford. 

Jeans. Introduction to Kinetic Theory of Gases. 1940 311 pp 
$3.50 Macmillan. 


JORDAN. Physics of the 20th Century. 1944 185 pp $4.00 








Philosophical Library. 
Kayser. Tabelle der Schwingungszahlen der auf das Vakuun 
reduzierten Wellenlangen zwischen 2000 A und 10,000 4. 


1925 Revised Edition 1944 106 pp $4.00 J. W. E¢ 
wards. 
LIVINGSTON. Physico-Chemical Experiments. 1939 257 pp 
$2.25 Macmillan. 


79) 


(ae! 


MacDoucati. Physical Chemistry (2nd Edition). 1943 
pp $4.25 Macmillan. 

MacDoucati, F. H. Thermodynamics and Chemistry (3r0 
Edition). 1939 491 pp $5.00 John Wiley. 

MILLARD. Physical Chemistry for Colleges (5th Edition). 
600 pp $3.75 McGraw-Hill. 

MoeEtwyn-Hucues. Physical Chemistry. 
Macmillan. 

MULLER, GARMAN and Droz. Experimental Electronics. 194 
330 pp $3.50 Prentice-Hall, Inc. 

Noyes and Leicuton. The Photochemistry of Gases. 
475 pp $10.00 Reinhold. 

NOYES-SHERRILL. Course of Study in Chemical Principles (2u( 
Edition). 1938 554 pp $5.00 Macmillan. 

PALMER. LExperimental Physical Chemistry. 
$2.75. Macmillan. 

Pease, Ropert N. Equilibrium and Kinetics of Gas Reactions 
1942 246 pp $3.75 Princeton University Press. 

POLLARD, E., and Davipson, W.L., Jr. Applied Nuclear Physic 
1942 249pp $3.00 John Wiley. 

PRINGSHEIM, P., and VoGEL, M. Luminescence of Liquids 4 
Solids and Its Practical Applications. 1943 201 pp #! 


194 


1940 660 pp $9.3 


194 


1941 300 pp 


Interscience. 
PRUTTON and Maron. Fundamental Principles of Physité 
Chemistry. 1944 891 pp $4.50 Macmillan. 


Rice. Electronic Structures and Chemical Binding. 1940 4459) 


$5.00 McGraw-Hill. 

Roserts. Heat and Thermodynamics (8rd Edition). 
pp $6.00 Interscience. 

RopesusH, WorTH H. and RopEeBusH, EstHeR K. An Init 
ductory Course in Physical Chemistry (2nd Edition). 1% 
468 pp $3.75 Van Nostrand, 

ROLLEFSON and Burton. Photochemistry and the Mechanism 
Chemical Reactions. 1939 445 pp $5.75 Prentice-Hall. 


The Separation of Gases. 1940 296 pp $63 


1940 4# 


RUHEMANN. 
Oxford. 

Sertu. Diffusion in Metallen (Platzwechselreaktionen). 1% 
151 pp $6.45 J. W. Edwards. ' 
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‘Babor and Lehrman 
SELECTED EXPERIMENTS 


from Laboratory Manual for 
Introductory College Chem- 
istry 

By Joseru A. Baspor and ALEx- 
ANDER LEHRMAN, C. C. N. Y. 
128 pages 8144 x 1l $1.00 
A special edition containing 41 of the 
most widely used experiments from the 
larger manual. It has been planned to 
meet the need for a brief and inexpensive 


but standard laboratory manual in gen- 
eral chemistry. 


‘Arenson and Rieveschl 


INTRODUCTION TO 
QUANTITATIVE ANALYSIS 


By Saut B. Arenson, Uni- 
versity of Cincinnati, and 
GrorceE RIEvESCHL, Jr., Parke, 
Davis and Company. 386 pages 
51 illustrations 5144x 8% $2.75 


A readable, informal, and yet modern 
text for introductory courses in quanti- 
tative analysis which combines the three 
essentials of a satisfactory fundamental 
course—l) adequate theoretical back- 
ground, 2) proper laboratory practice and 
procedures, and 3) an ample selection of 
well-graded problems. 


LABORATORY NOTEBOOK 


' FOR INTRODUCTION TO 


QUANTITATIVE ANALYSIS 
90 pages 844 x ll $.75 


A laboratory record book specifically de- 
signed for use with the authors’ text. 
Special forms are provided for recording 
data for most of the experiments as well 
as other aids to students and instructor 
such as labels for standard solutions, 
balance weights, etc. 











‘Mellon 


QUANTITATIVE ANALYSIS 
RECORD BOOK 

versity. 

200 pages a4 x 734 $.75 
Every quantitative determination worth 
making requires the proper handling of 
numerical results obtained. This com- 
pact, permanently-bound notebook con- 
tains detailed explanations, facsimile ex- 
amples of records and both graphic and 
numerical logarithms tables plus 168 
pages of ruled ledger sheets. 


‘Babor and Thiessen 
HOW TO SOLVE PROBLEMS 
IN PHYSICAL CHEMISTRY 
By Joseru A. Basor, C. C. N. Y., 
and Garrett W. TuiEssen, Mon- 
mouth College. 

215 pages 54% x 81% $1.25 
Specifically designed to develop in the 
student the ability to visualize a given 
problem, to select the proper method for 
solving it, and then to carry the solution 
through to a satisfactory answer. The 
dimensional method and carefully graded 
problems stimulate logical thinking rather 
than blind substitution in derived equa- 
tions. 


"Meyer 


THE SCIENCE OF 
EXPLOSIVES 

By Martin Meyer, Brooklyn 
College. | 

452 pages 5°, x 834 =$4.50 
A comprehensive yet simple and readable 
introduction to the whole field of explo- 
sives. It emphasizes the fundamental - 
and practical viewpoint, avoiding any 
tendency towards a textbook of synthetic 
inorganic chemistry or a treatment of 
special topics in organic chemistry. 


THOMAS Y. 


Cowell 


COMPANY 


432 Fourth Avenue New York 16, 
New York 


There has been no price increase in any 
CROWELL text or manual since before 


Pearl Harbor 
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1943 287 pp $5.00 Inter- 
1941 


SELwoop, P. Magnetochemistry. 
science. 

Sremner. Introduction to Chemical Thermodynamics. 
516 pp $4.00 McGraw-Hill. 

TAYLOR, HuGH §., and TayLor, H. Austin. Elementary Physi- 
cal Chemistry (8rd° Edition). 1942 551 pp $3.75 Van 
Nostrand. 

TayLor, Hucu S. and GLAssTong, SAMUEL, Editors. Treatise on 
Physical Chemistry (8rd Edition). Volume I—Atomistics and 
Thermodynamics. 1942 677 pp $7.50 Van Nostrand. 

WAHLSTROM. Optical Crystallography. 1943 206 pp $3.00 
John Wiley. 


Woop. Acoustics. 1941 588pp $7.50 Interscience. 


CHEMICAL ENGINEERING 


AMERICAN INSTITUTE OF Puysics. Temperature, Its Measurement 
and Control in Industry. 1941 550 pp $11.00 Reinhold. 

BADGER and Baker. Inorganic Chemical Technology (2nd Edi- 
tion). 1941 237 pp $2.50 McGraw-Hill. 

Burk, R. E., and Grummitt, OLiver, Editors. The Chemical 
Background for Engine Research (Volume II of Frontiers in 
Chemistry Series). 1943 3827 pp $3.50 Interscience. 

Butter. Fundamentals of Chemical Thermodynamics (Volume I) 
Elementary Theory & Electro-Chemistry (8rd Edition). 1939 
872 pp $2.10 Macmillan. 

Butter. Fundamentals of Chemical Thermodynamics (Volume 
II) Thermodynamical Functions. 19384 271 pp $2.30 Mac- 
millan. 

Davis. Chemical Engineering Nomographs. 
$4.50 McGraw-Hill. 

Dopce. Chemical Engineering Thermodynamics. 
$6.00 McGraw-Hill. 

FiscHer. Laboratoriumsbuch fir die organischen plastischen 
Kunstmassen (Press- und Gusmassen), thre Roh- und Hilfsstoffe. 
19388 96 pp $3.35 J. W. Edwards. 

GreEN. Industrial Catalysis. 1928 507 pp $12.50 Macmillan. 

Hessg, H. C. and Rusuton, J. H. Chemical Equipment Design. 
1944 Van Nostrand. 

Hovuwink. Chemie und Technologie der Kunststoffe (2nd Edition). 
1942 (2 volumes) $20.00 for set. J. W. Edwards. 

IpatieFF. Catalytic Reactions at High Pressure and Temperature. 
1936 786 pp $7.50 Macmillan. 

Keyes and Deem. Chemical Engineers’ Manual. 
$2.25 John Wiley. 

LUNGE-BERL. Chemisch-technische Untersuchungsmethoden (8th 
Edition). 1931-40 (8 volumes in 9) $198.00 for set. 5 Volumes 
$162.50 Sup. (3 vols.) $58.75 Edwards Brothers Inc. 

McApams. Heat Transmission (2nd Edition). 1942 459 pp 
$4.50 McGraw-Hill. 


McCormack, Harry, Editor. 
1940 431 pp $3.75 Van Nostrand. 


1944 350 pp 


1944 750 pp 


1942 221 pp 


Applications of Chemical Engi- 


neering. 

Netson. Petroleum Refinery Engineering (2nd Edition). 1941 
715 pp $6.00 McGraw-Hill. 

Perry. Chemical Engineers’ Handbook (2nd Edition). 1941 


3029 pp $10.00 McGraw-Hill. 
RoBINSON and GILLILaNnD. The Elements of Fractional Distilla- 
tion (38rd Edition). 1939 267 pp $3.00 McGraw-Hill. 


Sreser. Die chemisch-technischen Untersuchungs-Methoden der 
Zellstoff- und Papier-Industrie. 1943 690 pp $18.00 J. W. 
Edwards. 

Weser, H. C. Thermodynamics for Chemical Engineers. 1939 
264 pp $3.25 John Wiley. 

ZECHMEISTER, CHOLNOKY, BACHARACH and RosINSON. Princi- 
ples and Practice of Chromatography. 1941 326 pp $5.00 


John Wiley. 


INDUSTRIAL 


ABRAHAM, HERBERT. AsSphalts and Allied Substances. 1944 
2 Volumes Approx 2000 pp. Approx. $20.00 

Besit. Manual of Explosives, Military Pyrotechnics and Chemical 
Warfare Agents. 1943 171 pp $2.50 Macmillan. 

Davis, T. L. The Chemistry of Powder and Explosives. 
490 pp $4.50 John Wiley. ’ 

De NAVARRE, Maison G. The Chemistry and Manufacture of 
Cosmetics. 1941 745 pp $8.00 Van Nostrand. 

DREHER. Chemistry of Synthetic Substances. 1943 103 pp $3.00 
Philosophical Library. 


1943 


XXXIV 


ELLIS, CARLETON. Printing Inks. Their Chemistry and Tech- 
nology. 1940 560 pp $7.00 Reinhold. 
Furnas, C. C., Editor. Rogers’ Manual of Industrial Chemistry 


(6th Edition). 1942 1721 pp $17.00 Van 
Nostrand. 

Grecory, T.C. Uses and Applications of Chemicals and Related 
Materials. (Volume II). 1944 450 pp $9.00 Reinhold. 
Gruse and Stevens. The Chemical Technology of Petroleum 

(2nd Edition). 1942 733 pp $7.50 McGraw-Hill. 

HENDERSON and HaGGarRD, Noxious Gases and the Principles of 
Respiration Influencing Their Action (2nd Edition). 1943 
294 pp $3.50 Reinhold. 

InTERSCIENCE. Fats, Oils, Detergents. A loose leaf abstract 
service. 12 issues per year $36.00 per year Interscience. 

Houcen, O. A., and Watson, K.M. Chemical Process Principles 
(Volume I). 1943 452 pp $4.50 John Wiley. © 

Kauicuevsky, V. A. The Amazing Petroleum Industry. 
234 pp $2.25 Reinhold. 

KALICHEVSKY and STAGNER. Chemical Refining of Petroleum 
(2nd Edition). 1942 550 pp $7.50 Reinhold. 

LEIGHOU and WARNER. Chemistry of Engineering Materials 
(8rd Edition). 1942 684 pp $4.50 McGraw-Hill. 

MEYER, Martin. The Science of Explosives. 1943 4652 pp 
$4.50 Crowell. 

PERRY. Modern Plywood. 1942 380 pp $4.50 Pitman. 

Perry. Modern Wood Adhesives. 1944 220pp $3.00 Pitman. 

Puiuirs, C.J. Glass: The Miracle Maker. 1941 436 pp $4.50 
Pitman. 

Reap. Industrial Chemistry (38rd Edition). 
John Wiley. 

RIEGEL. Chemical Machinery. 

RIEGEL, E. R. Industrial Chemistry (4th Edition). 
pp $5.50 Reinhold. 

Rosinson. Explosions. 1944 150 pp $2.00 McGraw-Hill. 

ScCHOENGOLD. Encyclopedia of Substitutes and Synthetics. 382 pp 
$10.00 1943 Philosophical Library. 

SpPencer, G. L., and Meape, G. P. Handbook for Cane Sugar 
Manufacturers and their Chemists (7th Edition). 1929 560 pp 
$6.00 John Wiley. 

SUTERMEISTER. Chemistry of Pulp and Paper Making (3rd 
Edition). 1941 529pp $6.50 John Wiley. 

SUTERMEISTER and BROWNE. Casein and Its Industrial A pplica- 
tions (2nd Edition). 1939 433 pp $6.50 Reinhold. 

TIEMANN. Wood Technology. 1942 326 pp $3.50 Pitman. 

TITTERTON. Aircraft Materials and Processes. 1941 (2nd Revised 
Edition) 355 pp $3.50 Pitman. 


(2 volumes). 


1948 


1943 631 pp $5.00 


1944 583 pp $5.00 Reinhold. 
1942 851 


TURRENTINE, J. W. Potash in North America. 1943 186 pp 
$3.50 Reinhold. 
VAN WINKLE. Aviation Gasoline Manufacture. 1943 375 pp 


$4.00 McGraw-Hill. 

Witson, J. A. Modern Practice in Leather Manufacture. 
744 pp $9.50 Reinhold. 

Wise. Wood Chemistry. 1944 900 pp $11.50 Reinhold. 

WituHam, G. S., Sr. Modern Pulp and Papermaking (2nd Edi- 
tion). 1942 705 pp $6.75 Reinhold. 


1941 


PLASTICS AND ELASTICS 


Burk, R. E., and GRuMMItT, OLIVER, Editors. The Chemistry of 
Large Molecules (Volume I of Frontiers in Chemistry Series). 
1943 313 pp $3.50 Interscience. 

D’AvEtIo, G. F. Laboratory Manual of Plastics and Synthetic 
Resins. 1943 134pp $2.00 John Wiley. 

Davis and Biake. The Chemistry and Technology of Rubber. 
1937 941 pp $15.00 Reinhold. 

Et.ts, CARLETON. The Chemistry of Synthetic Resins. 
1615 pp $20.00 Reinhold. 

Harris, MILTON and Mark, H., Editors. Natural and Synthetic 
Fibers. A loose leaf literature and patent service. 12 issues per 
year $60.00 per year Interscience. 

MANTELL, Kopr, Curtis and Rocers. Technology of Natural 
Resins. 1942 506 pp $7.00 John Wiley. 

Mark, H. Physical Chemistry of High Polymeric Systems 
(Volume II of High Polymers Series). 1940 344 pp $6.50 
Interscience. 

Mark, H. and PROSKAUER, E.S., Editors. Resins—Rubbers— 
Plastics. A looseleaf abstract service. 1942, 1943, etc. 12 
monthly issues $45.00 per year Interscience. 
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1948 
bstract 
ice. 
incipls § ~RICHTER’S ORGANIC CHEMISTRY THE CHEMISTRY AND TECHNOLOGY OF 
1943 or THE CHEMISTRY OF THE CARBON FOOD AND FOOD PRODUCTS 
COMPOUNDS Edited by Morris B. Jacobs, Dept. of Health, 
troleum Edited by Richard Anschutz. 3rd English ed. City of New York 
aterials based on the lath Gorman od. The well-designed cooperative effort of 41 experts 
an a a a a ee ee _— - authoritative encyclopedia of at chemistry, 
52 pp z : vio-chemistry, technology, preservation, sanitary con- 
Collaborators: F. Arndt, A. Butenandt, F. trol and quality control of food and food products. 
Rochussen, R. Tschesche, A. Weissberger. Newly ; 
tmen translated and revised under the editorship of VOL. I: CHEMISTRY 
- $4.50 Er. ‘Ve: J. Taylor, Oxford, by A. J. Mee, Glasgow. 1944 960 pp. 79 ill. 
About 750 pp. 
$5.00 VOL II: TECHNOLOGY 
— ‘ol. IV: Heterocyclic Compounds and Organic Ready Fall 1944 960 pp. 166 ill. 
9 851 Free Radicals Single Volumes $10.50 
By F. Reindel and Ludwig Anschiitz. Newly Set of two volumes $19.00 
Hill translated by M. F. Darken, Westfield, New 
382 pp Jersey, and A. J. Mee, Glasgow. About 600 pp. 
Fac FUNDAMENTALS OF IMMUNOLOGY } 
PP f _ E : : i By William C. Boyd, Boston University School of 
e (3rd EPHRAIM’S INORGANIC CHEMISTRY Medicine, Boston, Massachusetts 
By P. C. L. Thorne and E. R. Roberts. 1943 446 pp. 43 ill. $5.50 
bplica- Photo Offset Reprint of rev. 4th English ed. 
an. 1944 , 921 pp. 95 ill. $8.75 
Revised ’ ee 
HEAT AND THERMODYNAMICS 
186 pp By J. K. Roberts, University of Cambridge, 
375 pp ORGANIC CHEMISTRY England 
By Paul Karrer, University of Zurich, Switzerland. 1940 3rd ed. 488 pp. 158 ill. $6.50 
1941 Translated from the 6th German ed. by A. J. Mee, 
, Glasgow, Scotland 
| Edi 1938 900 pp. Illustrated $11.00 : ; ae . pier 
aliae wer DIFFERENTIAL AND INTEGRAL CALCULUS 
By R. Courant, New York University, New York. 
Translated by J. E. McShane, University of Vir- 
MAGNETOCHEMISTRY — 
istry of By Pierce W. Selwood, Northwestern University, In two volumes: 
periesy Evanston, Illinois VOL. I: 1938 New rev. ed. 630 pp. 136 ill. $5.00 
thetic 1943 287 pp. 80 ill. $5.00 VOL. II: 1936 692 pp. 111 ill. $7.00 
Rubber. 
a 
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Marx and Rarr. High Polymeric Reactions. Their Theory and 
Practice (Volume III of High Polymers Series). 1941 470 pp 
$6.50 Interscience. 

Mark, H. and Wurtsy, G. S., Editors. Collected Papers of Wal- 
lace Hume Carothers on High Polymeric Substances (Volume I of 
High Polymers Series). 1940 459 pp $8.50 Interscience. 

Mever, K. Natural and Synthetic High Polymers (Volume IV 
of High Polymers Series). 1942 690 pp $11.00 Interscience. 

Ort, E., Editor. Cellulose and Cellulose Derivatives (Volume V of 
High Polymers Series). 1943 1176 pp $15.00 Interscience. 

Powers. Synthetic Resins and Rubbers. 1943 296 pp $3.00 
John Wiley. 

Smonps, H.R. Industrial Plastics (2nd Edition). 1942 398 pp 
$4.50 Pitman. 

Srmonps, HERBERT R., and ELLis, CARLETON. 
Plastics. 1943 1082 pp $10.00 Van Nostrand. 


Handbook of 


METALLURGY 


BaEza, W. J. A Course in Powder Metallurgy. 
$3.50 Reinhold. 

Burns and ScHUH. 
$6.50 Reinhold. 

Hoyt, S. L. Metals and Alloys Data Book. 
Reinhold. 

Lr and Wanc. Tungsten, Its History, Geology, Ore-Dressing, 
Metallurgy, Chemistry, Analysis, Applications and Economics. 
1943 325pp $7.00 Reinhold. 

PANNELL. Magnesium: Its Production and Use. 
$4.00 Pitman. 

Sisco. Modern Metallurgy for Engineers. 
Pitman. 

Sxaur Zz. Principles of Powder Metallurgy. 
Philosophical Library. 


1943 212 pp 


Protective Coatings for Metals. 1939 407 pp 


1943 350 pp $4.75 


1943 148 pp 
1941 4386 pp $4.50 


1944 80 pp $3.00 


ELECTROCHEMISTRY 


Principles and Applications of Elec- 


CREIGHTON and KOEHLER. 
1943 


trochemistry (Volume I—Principles) (4th Edition). 
477 pp $5.00 John Wiley. 

CREIGHTON and KoEHLER. Principles and Applications of 
Electrochemistry (Volume II—Applications) (2nd Edition). 
1944 573 pp $5.00 John Wiley. 

GLASSTONE, SAMUEL. An Introduction to Electrochemistry. 
557 pp $5.00 Van Nostrand. 


1942 


Macinnes. The Principles of Electrochemistry. 1939 478 pp 
$6.00 Reinhold. 

MANTELL. Industrial Electrochemistry (2nd Edition). 1940. 
656 pp $5.50 McGraw-Hill. 

Tuompson. Theoretical and Applied Electrochemistry. 1939 


535 pp $5.00 Macmillan. 


COLLOID 


Colloid Chemistry (Volume V) Theory and Method, 
1944 1257 pp $20.00 Reinhold. 


1943 462 pp $5.00 


ALEXANDER. 
Biology and Medicine. 

BENNETT, H. Practical Emulsions. 
Chemical Publishing Co. 

Buair, G. W. Scott. A Survey of General and Applied Rheology. 
1944 112pp $4.00 Pitman. 


DALLAVALLE, J. M. Micromeritics: The Technology of Fine 


Particles. 1943 442 pp $8.50 Pitman. 
HARTMAN, R. J. Colloid Chemistry. 1939 584 pp $5.25 
Houghton Mifflin. 


KRAEMER, ELMER O., Editor. Advances in Colloid Science 
(Volume I). 1942 434 pp $5.50 Interscience. 


LEWIS-SQUIRES-BROUGHTON. Industrial Chemistry of Colloidal 
and Amorphous Materials. 1942 540 pp $5.50 Macmillan. 

LigsEGANG. Kolloide in der Technik (2nd Edition). 19438 1383 
pp $3.25 J. W. Edwards. 

REINER, M. Ten Lectures on Theoretical Rheology; 1943 163 pp 
$4.50 Nordeman. 


Symposium. Emulsion Technology—Theoretical and Applied 
(Second Edition, 1943). 290 pp $5.00 Chemical Publishing 
Co. 


XXXVI 


BIOCHEMISTRY 


ALBERS. Kolloide, Elektrolyte und Hormone. Eine experimentelle 
Studie tiber Nebenwirkungen von weiblichen Keimdriisen- 
hormonen. 1943 172 pp $5.00 J. W. Edwards. 

ANDERSON, A. K. Essentials of Physiological Chemistry (2nd 
Edition). 1939 323 pp $2.75 John Wiley. 

AUTENRIETH. Die Auffindung der Gifte und s.ark wirkenden 


Arzneistoffe zum Gebrauch in chemischen Laboratorien (6th 
Edition). 1943 343 pp $7.00 J. W. Edwards. 


Bioor, W. R. Biochemistry of the Fatty Acids and Their Com- 
pounds, the Lipids. 1943 375 pp $6.00 Reinhold. 


Bopansky, M. Introduction to Physiological Chemistry (4th 


Edition). 1938 686 pp $4.00 John Wiley. 
Boyp, W. Fundamentals of Immunology. 1943 446 pp $5.50 
Interscience. 


Reinhold. 
1937 170 pp 


Bropy. Bioenergetics and Growth. 1944 600 pp 


BuLL, H. B. The Biochemistry of the Lipids. 
$2.75 John Wiley. 


BuLL. Physical Biochemistry. 1943 347 pp $3.75 John Wiley. 


BurR, CRossLey, et al. Archives of Biochemistry (A bi-monthly 
publication) (Volume I). 1943 494 pp $5.50 Academic 
Press. 


Archives of Biochemistry (A bi-monthly 


Burr, CROSSLEY, et al. 
1943 503 pp $5.50 Academic 


publication) (Volume II). 
Press. 


Archives of Biochemistry (A bi-monthly 


Burr, CROSSLEY, et al. 
1944 494 pp $5.50 Academic 


publication) (Volume III). 
Press. 

Burr, CROssLeEyY, ef al. Archives of Biochemistry (A bi-monthly 
publication) (Volume IV). 1944 475 pp $5.50 Academic 
Press. 


Coun and Epsatyi. Proteins, Amino Acids and Peptides, as Ions 
and Dipolar Ions. 1943 700 pp $13.50 Reinhold. 


CoRNER, GEORGE W. The Hormones in Human Reproduction. 
1942 286 pp $2.75 Princeton University Press. 


EpSALL and ANSON. Advances in Protein Chemistry (Volume I). 
1944 350 pp $5.50 Academic Press. 


GorTNER, R.A. Outlines of Biochemistry. 
John Wiley. 


Harvey, E. Newton. Living Light. 
Princeton University Press. 


Hawk and Bercerm. Practical Physiological Chemistry (11th 
Edition). 1937 968 pp $8.00 Blakiston. 


Hivpitcu. Chemical Constitution of Natural Fats. 
$6.50 John Wiley. 


Jamieson, G. S. Vegetable Fats and Oils (2nd Edition). 
508 pp $6.75 Reinhold. 


KIRSCHENBAUER. Fats and Oils. An Outline of Their Chemistry 
and Technology. 1944 140 pp $2.50 Reinhold. 


1943 579 pp $7.50 


1938 1017 pp $6.00 


1940 344 pp $4.00 


1940 438 pp 


1943 


MatisorFr. Dictionary of Biochemistry. 
Philosophical Library. 

NEEDHAM. Biochemistry and Morphogenesis. 
$12.50 Macmillan. 

Noro, F. F., and WERKMAN, C.H. Advances in Enzymology and 
Related Subjects (VolumeI). 1941 433pp $5.50 Interscience. 

Norp, F. F., and WERKMAN, C.H. Advances in Enzymology and 
Related Subjects (Volume II). 1942 374 pp $5.50 Inter- 
science. 

Noro, F. F., and WERKMAN, C. H. Advances in Enzymology and 
Related Subjects (Volume III). 1943 408 pp $5.50 Inter- 
science. 

Noro, F. F., and WerKMAN, C.H. Advances in Enzymology and 
Related Subjects (Volume IV). 1944 332 pp $5.50 Inter- 
science. 

REINER, M. Manual of Clinical Chemistry. 1941 296 pp $3.00 
Interscience. 

SCHARRER. Biochemie der Spurenelemente. 
J. W. Edwards. 

SHout. Mineral Metabolism. 1939 394 pp $5.00 Reinhold. 

SUMNER, JAMES B., and Somers, G. FRED. Chemistry and 
Methods of Enzymes. 1943 377 pp $5.00 Academic Press. 


TAUBER. Enzyme Technology. 1943 275pp $3.50 John Wiley. 


WituiaMs, Rocer J. A Textbook of Biochemistry (2nd Edition). 
1942 533 pp $4.00 Van Nostrand. 


1942 788 pp 


1941 272 pp $7.55 
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New and Pertinent 
VAN NOSTRAND CHEMISTRY BOOKS 





ASPHALTS AND ALLIED 
SUBSTANCES 


New Fifth Edition 
By Herbert Abraham 


For many years this great work has been the standard 
reference of the world on bituminous substances. Now, 
it has been brought thoroughly up to date in every 
particular, and is more complete, more useful, and 
more effectively organized than ever before. You can 
be fully confident of finding in these pages every known 
fact about bituminous substances. For each raw mate- 
rial there are full details about the natural sources, or 
the industrial methods of production. Complete de- 
scriptions are given of all the processes for the manu- 
facture of the host of products prepared from these 
raw materials. Every method of testing and analysis 
of asphalts, tars, and pitches and their manufactured 
products is fully described. More than 20,000 references, 
including about 12,500 patent citations (both U.S. and 
foreign) present every fact in this immense field. 
Convenient indices of subjects, of persons, of patents 
and of specifications make instantly available every 
item of information in this entire great work. 


2 Volumes (not sold separately) 2040 Pages Cloth 
(In Preparation. Ready October 1944) $20.00 





ELECTRONICS — TODAY 
AND TOMORROW 


By John Mills 


This book explains in plain English the principles of 
electronics, and their enormous contributions in war 
and peace, in science and technology, in industry and 
in everyday life. From the first page to the last it 
presents, without mathematics or complicated ter- 
minology, the new developments in radio, television, 
in the use of the “electric eye,” and the “‘electron micro- 
scope,”’ and the many other applications important to 
the chemist and every other scientific worker. 


178 Pages Cloth Illustrated "$2.25 





THEORETICAL 
CHEMISTRY 


An Introduction to Quantum Mechanics, Statistical 
Mechanics, and Molecular Spectra for Chemists 


By Samuel Glasstone 


From the three great subjects of quantum mechanics, 
statistical mechanics, and molecular spectra, this book 
selects those topics that are most important to the 
chemist, and that require a previous mathematical 
knowledge only of elementary calculus and simple 
differential equations. It treats them most simply and 
logically, explaining clearly how they have been used 
to obtain results of great chemical significance. Among 
the many specific topics that are fully and clearly 
developed in this book are the electron theory of 
valence, the concept of resonance, the electronic con- 
figurations of molecules, the calculation of thermo- 
dynamic functions from spectroscopic data, dissocia- 
tion accompanying light absorption, valence force 
constants, bond distances, and intermolecular formulas. 
The entire coverage of this book has been planned for 
those interested in chemistry, from the graduate stu- 
dent for whom this book is designed as a text, to the 
chemist who will use it as a means of understanding 
fundamental scientific knowledge as it has been applied 
to chemical problems. 


515 Pages Cloth Illustrated $5.00 





AMERICAN PETROLEUM 
REFINING 


New Third Edition 

By H. S. Bell 

This book describes and explains every type of equip- 
ment and apparatus used in present-day oil refining. 
It explains their principle of construction, methods of 
design, and their practical operation, with direct refer- 
ence to the special products made from petroleum for 
its innumerable uses in peace and war throughout our 
entire industrial system. 


In Preparation—Ready late in 1944 





Please Write for Examination Copies of These Books 


D. VAN NOSTRAND COMPANY, Inc. 


250 FOURTH AVENUE, N. Y. 3, N. Y. 
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XXXVITI 


FOODS AND NUTRITION 


BaILey. Constituents of Wheat and Wheat Products. 
pp $6.50 Reinhold. 

BROWNE and ZERBAN. Physical and Chemical Methods of Sugar 
Analysis (8rd Edition). 1941 1353 pp $15.00 John Wiley. 

Harris, Rospert S., and THIMANN, KENNETH V., Editors. 
Vitamins and Hormones. 1943 (Volume 1). 452 pp $6.50 
Academic Press. 

Harris and THIMANN. Vitamins and Hormones. Advances in 
Research and Application (Volume II). 1944 500 pp $6.80 
Academic Press. 

Jacoss, M. B. Chemistry and Technology of Food and Food 
Products (2 volumes) Volume I. 1944 952 pp $10.50 (set of 
two volumes $19.00) Interscience. 

Jacoss, M. B. Chemistry and Technology of Food and Food 
Products (2 volumes) Volume II. 1944 950 pp $10.50 
(Set of two volumes $19.00) Interscience. 

Kerr, Ratpeu W., Editor. Chemistry and Industry of Starch, 
Sugars, and Related Compounds. 496 pp $8.50 Academic 
Press. 

MARELEY, Kare S., and Goss, WARREN H. Soybean Chemistry 
and Technology. 1944 261 pp $3.50 Chemical Publishing 
Co. 

PETERSON, SKINNER and STRONG. Elements of Food Biochemistry. 
1944 291 pp $3.00 Prentice-Hall, Inc. 

RosENBERG, H. R. Chemistry and Physiology of the Vitamins. 
1942 674 pp $12.00 Interscience. 

SHERMAN. Chemistry of Food and Nutrition. 1941 61lpp $3.25 
Macmillan. 

SHRADER, J. H. Food Control: Its Public Aspects. 
$4.00 John Wiley. 


1944 332 


1939 513 pp 


Von Logesecke, H. W. Drying and Dehydration of Foods. 1943 
304 pp $4.25 Reinhold. 
Von LogeseckE, H. W. Qutlines of Food Technology. 1942 505 


pp $7.00 Reinhold. 

Winton, A. L., and Winton, K. B. Structure and Composition of 
Foods (Volume I—Cereals, Nuts, Oil Seeds). 1932 710 pp 
$10.00 John Wiley. 

Winton, A. L., and Winton, K. B. Structure and Composition of 
Foods (Volume II—Vegetables and Fruits). 1935 904 pp 
$15.00 John Wiley. 

Winton, A. L., and Winton, K. B. Structure and Composition of 
Foods (Volume III—Animal Products). 1937 524 pp $8.00 
John Wiley. 

Winton, A. L., and Winton, K. B. Structure and Composition of 
Foods (Volume IV—Sugar, Tea, Coffee, Cocoa, Spices, Leaven). 
1939 580 pp $9.00 John Wiley. 


MATHEMATICS 

AITKEN. Determinants and Matrices. 1939 136 pp $1.75 
Interscience. 

AITKEN. Statistical Mathematics (2nd revised Edition). 1942 
153 pp $1.75 Interscience. 

Coutson. Waves. 1941 156 pp $1.75 Interscience. 

Courant. Differential and Integral Calculus (Volume I). 1938 
630 pp $5.00 Nordeman. 


Courant and HitBert. Methoden der Mathematischen Physik 
(Volume I) (2nd Edition). 1931 450 pp $8.00 (Two volume 
set $14.00) Interscience. 

Courant and HiLBert. Methoden der Mathematischen Physik 
(Volume II) (1st Edition). 1937 552 pp $8.00 (Two volume 
set $14.00) Interscience. 

Courant and Hivpert. Methoden der Mathematischen Physik 
(Volume II). 1937 552 pp $8.00 (Set of 2 volumes $14.00) 
Interscience. 


CRUMPLER and Yor. Chemical Computations and Errors. 1940 
247 pp $3.00 John Wiley. 

Davis. Empirical Equations and Nomography. 1943 200 pp 
$2.50 McGraw-Hill. 

DEMING. Statistical Adjustment of Data. 1948 261 pp $3.50 
John Wiley. 


1939 126pp $1.75 Interscience. 
1942 120 pp $1.75 Interscience. 


GuuespIE. Integration. 
Hystop. Infinite Series. 


Ince. Integration of Ordinary Differential Equations. 1939 148 
pp $1.75 Interscience. 
Ince, E. L. Ordinary Differential Equations. 1944 566 pp 


$3.75 Dover Publications. 
MADELUNG, Erwin. Die Mathematischen Hilfsmittel Des Phy- 
stkers. 1944 400 pp $3.50 Dover Publications. 


XXXVIII 


MARGENAU, HENRY, and Murpuy, Georce M. The Mathe- 


matics of Physics and Chemistry. 1943 581 pp $6.50 ° Van 


Nostrand. 


Mayer, J. E., and Mayer, M.G. Statistical Mechanics. 1940 
495 pp $5.50 John Wiley. 
McCrea. Analytical Geometry of Three Dimensions. 1942 


144 pp $1.75 Interscience. 
OSTWALD-LUTHER. Physiko-Chemischer Messungen (5th revised 
Edition. 1944 1024pp $4.95 Dover Publications. 
Puiwurrs. Functions of a Complex Variable with Applications. 
1940 140 pp $1.75 Interscience. 
RUTHERFORD. Vector Methods. 1939 
science. 
SHERWOOD and REED. Applied Mathematics in Chemical Engi- 


127 pp $1.75 Inter- 


neering. 1939 403 pp $4.00 McGraw-Hill. 
TURNBULL. Theory of Equations. 19389 152 pp $1.75 Inter- 
science. 


WorTHING and GEFFNER. Treatment of Experimental Data. 
1943 342 pp $4.50 John Wiley. 


REFERENCE AND MISCELLANEOUS 


BENNETT, H. Chemical Formulary (Volume VI). 19438 636 pp 
$6.00 Chemical Publishing Co. 

BenneETT, H. Cumulative Index for Volume I-VI of the Chemi- 
cal Formulary. 1944 164 pp $4.00 Chemical Publishing 
Company. i 

BIESTERFELD. Patent Law. 1948 225 pp $2.75 John Wiley. 

CARRIER, CHERNE and Grant. Modern Air Conditioning, Heat- 
ing and Ventilating. 1940 558 pp $4.50 Pitman. 

CuiLp, E. The Tools of the Chemist. 1940 220pp $3.50 Rein- 
hold. 

FLAGG. 
hold. 

GETMAN, FREDERICK H. The Life of Ira Remsen. 
$2.50 Journal of Chemical Education. 

Grapy, Roy I., JoHn W. Cuittum, et al. The Chemist at Work. 
1940 422pp $3.00 Journal of Chemical Education. 

Hacky. Chemical Dictionary (8rd Edition). 1944 925 pp 
$12.00 Blakiston. 

HopcMAN, CHARLES D. Handbook of Chemistry and Physics 
(28th Edition). 1944 2571 pp $4.00 Chemical Rubber Co. 

Jacoss, M. B. War Gases, Their Identification and Decontamina- 
tion. 1942 180 pp $3.00 Interscience. 

LANDOLT-BOERNSTEIN. Phystkalisch-chemische Tabellen (5th 
Edition). 1923-36 (8 volumes) $180.00 for set. 2 Vols. $47.00 
Sup. 1 $30.00. Sup. 2 (2 vols.) $50.00. Sup. 3 (3 vols.) $89.00 
Edwards Brothers Inc. 

LANGE, N. A. Handbook of Chemistry (5th Edition). 
2092 pp $6.00 Handbook Publishers. 

LEGGETT, WILLIAM F. Ancient and Medieval Dyes. 1944 95 pp 
$2.25 Chemical Publishing Co. 

Lyon and Buckman. Nature and Properties of Soils (4th Edi- 
tion). 1943 499 pp $3.50 Macmillan. 
Mees. Theory of the Photographic Process. 

$12.00 Macmillan. 

MILLER. Principles of Photographic Reproduction. 1942 353 pp 
$4.50 Macmillan. 

Munoz, F. J., and CuHariprper, H. A. The Microscope and Its 
Use. 1943 320 pp $2.50 Chemical Publishing Co. 

Norton. Refractories. 1942 594 pp $6.00 McGraw-Hill. 

O’BRIEN, M. A. Editor. New Russian-English and English- 
Russian Dictionary. 1944 720 pp $1.98 Dover Publica- 
tions. 

PATTERSON, A.M. French-English Dictionary for Chemists. 1921 
384 pp $3.00 John Wiley. 

PATTERSON, A. M. German-English Dictionary for Chemists 
(2nd Edition). 1935 411 pp $3.00 John Wiley. 

RAUTENSTRAUCH, Dr. WALTER. The Design of Manufacturing 
Enterprises. 1941 308 pp $3.50 Pitman. 

Suckiinc. The Examination of Waters and Water Supply 
(5th Edition). 1943 849 pp $12.00 Blakiston. 

TURNER, FRANCIS M., Technical Director. Condensed Chemical 
Dictionary (8rd _ Edition revised by T. C. Gregory). 1942 
800 pp $12.00 Reinhold. 

WEEKS, Mary Exvira. Discovery of the Elements (4th Edition). 
1939 444 pp $3.50 Journal of Chemical Education. 

WELCHER, FRANK. Chemical Solutions. 1942 404 pp $4.75 
Van Nostrand. 

WricuT, R. H. Manual of Laboratory Glass-Blowing. 90 pp 
1943 $2.50 Chemical Publishing Co. 


The Ari of Resuscitation. 1944 350 pp $5.00 Rein- 


1940. 157 pp 


1944 


1942 1124 pp 
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| Editors 


G. O. Burr C. M. McCay 
M. L. Crossley F. F. Nord 

F. C. Koch F. W. Went 

M. A. Lauffer C. H. Werkman 


ARCHIVES OF BIOCHEMISTRY 





Subscription: 


The publishers plan to issue 2-3 volumes yearly at $5.50 
per volume. Volume V, number | in press. 





- VITAMINS AND HORMONES — 


Advances in Research and Applications 
Edited by 
Robert S. Harris and Kenneth V. Thimann 


Volume I, 1943, 470 pages. Illustrated. $6.50 
Volume II, 1944, 530 pages. Illustrated. $6.80 
“Workers in the fields of vitamins and hormones will 
gratefully acknowledge the present first volume of ‘Vitamins 
and Hormones’ and will wish to the editors, to their con- 
tributors and the publishers success for the future.” Paul 
Gyorgy in Science. 


Volume III in preparation 





-ADVANCES IN PROTEIN— 
CHEMISTRY 


Edited by M. L. Anson, Continental Foods, 
Hoboken, and John T. Edsall, Harvard 
Medical School, Boston. 


Volume I, 1944, 350 pages. Illustrated. $5.50 


Volume II in preparation 





-ADVANCES IN CARBO-— 
HYDRATE CHEMISTRY 


Edited by W. W. Pigman, National Bureau 

of Standards, and M. L. Wolfrom, Qhio 

State University. Executive Committee: 

William L. Evans, Hermann O. L. Fischer, 

R. Max Goepp, Jr., W. N. Haworth, C. S. 
Hudson 





Volume I, in press, approx. 400 pp. About $5.80 
Volume II in preparation 





LABORATORY MANUAL OF— 
SPOT TESTS 


By Fritz Feigl, Ph.D., Rio de Janeiro, Brazil 


* Translated from the manuscript by 


Ralph E. Oesper 
1943. 276 pages. 46 illustrations. $3.90 


“The book should prove valuable, not only for teaching 
but also as a source of ideas for practical analysists and 
research work.’ M. G. Mellon in the Journal of the 
American Chemical Society. 


—und HORMONFORSCHUNG 


Edited by 
Sir Edward Mellanby, London, L. Ruzicka, 
Zurich and W. Stepp, Munich 


Volume I, 1938. 486 pages. Original Price $13.50 
Our Price $ 8.50 
Volume II, 1939. 536 pages. Original Price $13.50 
Our Price $ 8.50 


Published and Distributed in the Public 
Interest under the Auspices of 
THEALIEN PROPERTYCUSTODIAN 


The two volumes contain a number of contributions written 
in English by leading American and English scientists. 


—ERGEBNISSE der VITAMIN — 





OF STARCH 


Edited by Ralph W. Kerr 
Corn Products Refining Co. 


In this book the authors present the chemistry and tech- 
nology of starch, starch-sugars and related products in 
accordance with the most recent views advanced in this 
branch of carbohydrate chemistry. 

1944. $8.50 


496 pages. 99 illustrations. 





OF ENZYMES 


By James B. Sumner and G. Fred Somers 
Cornell University 


1943. 377 pages. $5.00 


“The book should undoubtedly serve both the research 
worker and the advanced student as a valuable key to 
unlock the ramification of enzyme chemistry.’ Eric G. 
Ball in the Journal of the American Chemical Society. 


12 illustrations. 





SEMIMICRO QUANTITA-— 
| TEIVE ORGANIC ANALYSIS 


By E. P.. Clark, Ph.D. 


Bureau of Entomology and Plant Quarantine 
1943. 134 pages. $2.50 
This is the first book which gives a full description both 


of methods and apparatus for elementary organic analysis 
on a semi-micro scale. 


31 illustrations. 











Leaflets on our publications will be sent on request 


CADEMIC PRESS, INC... PUBLISHERS 
125 E. 23rd Street, NEW YORK 10, N. Y. 


CHEMISTRY AND INDUSTRY — 
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Publishers Cooperating in the 
Combined Book Exhibit 


AcADEMIc Press, INc. 

125 East 23rd St., New York, N. Y. 
AMERICAN Book Co. 

88 Lexington Ave., New York, N. Y. 
THE BLAKISTON COMPANY 

1012 Walnut St., Philadelphia, Pa. 
CHEMICAL PUBLISHING Co. 

26 Court St., Brooklyn 2, N. Y. 
THE CHEMICAL RUBBER COMPANY 

2310 Superior Ave., Cleveland, Ohio 
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Editors 


“@HOEMAKER, stick to your last.” If the old 

\*maxim is said bluntly it is equivalent to: “Mind 
your own business.” But if got off gently and without 
too much emphasis it means something like: ‘‘Don’t be 
rash in jumping into discussions in strange fields until 
you are sure you know what you are talking about.” 

All of which applies, in more than a general way, to 
chemical education, No one wants this to be a closed 
field; the more (and the better) people we can get into 
it the better off we will all be—including (we hope!) 
the students. But there is no denying that many 
people talk with assumed authority about problems 
in this domain who are in no way qualified. 

There is something compelling about the urge to 
impart information to others. In its early stages it 
makes children garrulous as they learn; in its final— 
fatal!—stages it culminates in the publicity agent. 
We are never altogether free from it. 

Simply because a man has become an expert in some 
branch of science, say chemistry, there is no presump- 
tion that he must therefore be fully capable of training 
others in the same knowledge. We have probably all 
of us had occasion to say—or to hear otHers say: ‘“‘So- 
and-so certainly knows his stuff, but he can’t put it 
across.” Many a “hot” physical chemist will freely 
admit his ignorance of organic, but there are few “hot” 
chemists in any, specialty who will admit their in- 
ability to teach what they know. It is very fortunate 
that we cannot generalize in this matter; there are too 
many high-grade experts who are also good teachers. 
In fact, I am inclined to think that the really best ex- 
perts are most /ikely to be good teachers. However, to 
be a good teacher—for the more elementary students, 
at least—requires a degree of patience and tolerance, 
and an appreciation of the deficiencies of the im- 
mature human mind that brilliant people often lack. 

It isn’t always a question of classifying a person as a 
good teacher or a poor one, but rather as a good teacher 
for whom? Sometimes a man may conduct an ele- 
mentary and an advanced class simultaneously and 
be an inspiring success in one and a complete ‘‘flop”’ 
in the other. What it takes in the one case may not 
be sufficient in the other. 

Informally, we are many of us “‘educators’’ in the 
sense that we do something to broaden the horizons of 
other minds. But more formally, of course, education 
is an organized activity and has its recognized methods, 
procedures, and standards. The one thing we find 
hardest to agree upon is the training and qualifications 
of those appointed to carry on this activity. After 
much struggle the American Chemical Society has de- 
fined a ‘“‘chemist.”” Amidst much controversy the 





Outlook 


Society has established some standards for the educa- 
tion of chemists. But among the requirements for 
“accrediting” a chemist-training institution we find 
few specifications for the educators of chemists, except 
that the latter must be exposed to the influence of a 
sufficient number of experts. In other words, we are 
very particular about the process of training the chem- 
ist, but we haven’t seriously considered the process of 
training the man who trains the chemist. Evidently 
we assume that one chemist breeds another, like the 
budding of cells. It is too simple to be true. 

While it is very likely that good teachers are more 
often born than made, we cannot afford to let nature 
govern the supply entirely. As chemists, we are well 
aware that synthetic methods can supplement, and 
often supplant, natural ones. We have to do some- 
thing about training teachers and fitting them for their 
jobs. Furthermore, there is no workman—no matter 
how naturally well fitted he may be for his work—whose 
value and efficiency cannot be improved by studying 
his techniques in the effort to improve upon them. 
Think how many highly paid ‘‘time-and-motion”’ 
experts would be out of jobs if this were not true. And 
it is true of the teaching job. 

All of which means that education is a skilled pro- 
fession which should have its standards of training and 
accomplishment. One of the difficulties in setting 
these standards, however, is that the limits of the field 
of education are so wide and so ill defined. It has been 
argued before that teaching chemistry to students in a 
class is only one aspect of chemical education, but it is 
nevertheless the aspect which is implied here. 

Quite possibly the “‘natural’’ teacher will always be 
better than the synthetic one, just as home-grown 
vegetables, meat, and potatoes are much to be pre- 
ferred to the Army K-ration or the synthetic foods on 
the grocery shelves. Nevertheless, what we have 
learned through the analysis of foods and the isolation 
of vitamins and purified proteins, fats, and carbohy- 
drates has increased our general knowledge of nutrition 
and lengthened the span of human life. No doubt the 
same analytic and synthetic methods will be productive 
in education if intelligently applied. 

Much education goes on in spite of teachers and 
educators—which is a good thing. No greater calam- 
ity can be imagined than that all teachers should be 
cut to the same pattern or trained in the same manner. 
Nevertheless, much could be done to improve the gen- 
eral standard of chemical education if there were merely 
more appreciation for the qualities and attainments of 
the goed teacher. We need more tangible recognition 
in the way of distinctions or rewards. 
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Ernst Beckmann, 1853-1923 


RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


. ECKMANN” as applied to a thermometer or to 
the rearrangement of an oxime is a household 
word in many laboratories. Nonetheless, few chemists 
know anything about the life of the gifted man whose 
name is so glibly used. To him we also owe the sodium 
press; an excellent atomizer for producing colored 
flames; the chromic acid mixture for the stepwise oxi- 
dation of hydroxylated compounds; reliable methods 
of determining molecular weights by means of boiling 
and freezing points. His papers numbered 170; no 
less than 130 doctorate dissertations came from his 
laboratory. He was one of the outstanding teachers 
of his time, and his administrative abilities led to his 
appointment as the first director of the great Kaiser 
Wilhelm Institut fiir Chemie at Berlin-Dahlem. 

Ernst Otto Beckmann was born on July 4, 1853, at 
Solingen, a city long famous for its cutlery and other 
steel wares. His father, a progressive manufacturer 
of dyes, pigments, and emery powder, was constantly 
experimenting in the hope of improving his methods 
and discovering new profitable products. The boy 
was thus brought up in a chemical environment and 
early decided to fit himself for a career in industrial 
chemistry. However, his elders thought pharmacy 
offered more financial security and at 17 Ernst was 
apprenticed to an apothecary. Rolling pills, rubbing- 
up ointments, and the similar tasks that filled the day, 
could not satisfy his longing to do something more 
scientific. He returned home, but his plea to be re- 
leased was met by the taunt that his urge for chem- 
ical things certainly could not amount to much if even 
the post of apprentice apothecary was beyond his 
powers of endurance. ‘“‘I’ll show you that I can do it’’; 
and he went back to his master and finished his term. 

Feeling his weakness in chemical theory, he enrolled 
(1874) at the Fresenius school in Wiesbaden and soon 
was promoted to the post of assistant. After a year 
he entered the University of Leipsic to complete his 
pharmaceutical studies. Here he came in contact 
with Hermann Kolbe, whose invention of the salicylic 
acid synthesis had aroused the interest of the pharma- 
ceutical world. Kolbe was then at the height of his 
powers, and his personality and sympathetic helpful- 
ness were dominant factors in strengthening Beck- 
mann’s resolve to become a scientific chemist. The 
state examination in pharmacy was passed in 1877 
“with distinction.”” Throughout his life Beckmann 
kept in close touch with pharmacy; he appreciated 
that it gave him a wider view of chemistry, and he 
also knew that his pharmaceutical studies had been an 
excellent preparation for his chemical career. How- 


ever, he did not practice his profession, but instead 
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prepared himself to become a teacher of chemistry. 

Under the guidance of Kolbe and Ernst von Meyer 
he received his Ph.D. in 1878. The dissertation was a 
study of the oxidation products of di-alkyl sulfides. 
His method of using permanganate with these evil- 
smelling compounds later became technically im- 
portant in the preparation of the widely adopted 
soporifics, sulfonal and trional. 

After completing his required military service, Beck- 
mann in 1879 took an assistantship at the Technical 
University at Brunswick. He was assigned to the 
analytical division. His habilitation essay, ‘‘Alumi- 
nates and basic halides of barium,” and his probationary 
lecture on ‘‘ Ethereal oils” gained him the right to give 
independent courses in chemistry and pharmacy. The 
four years at Brunswick were primarily a period of 
ripening. Prepared for better things, he returned to 
his alma mater. However, his docentship was not 
valid in the University of Leipsic, and he was obliged to 
meet the local requirements. ‘These included a certifi- 
cation of maturity from a humanistic gymnasium. 
Undaunted, Beckmann, 30 years old and an ex- 
perienced instructor, took a seat in a secondary school 
and applied himself to the intricacies of Latin and 
Greek. Wishing to obtain the necessary quiet and 
solitude without stealing time from his chemistry, he 
took his books at dawn and at dusk into the remoter 
parts of a park, reading with the aid of a bull’s-eye 
lantern when necessary. The result was almost in- 
evitable; the police took this suspicious character 
into custody. A permanent, and less humorous 
reminder of this belated schooling, pursued in un- 
conventional surroundings, was a severe neuralgic 
affliction that plagued him even in his last years. His 
diligence and matured mental abilities made it pos- 
sible for him to secure the necessary certificate in about 
six months. 

Kolbe died suddenly in 1884; his successor, Wislic- 
enus took over about a year later. By this time Beck- 
mann had qualified as docent! and he was offering 4 
course in toxicology. The new chief, who had been 
bitterly attacked by Kolbe, was expected to make a 
clean sweep of the ancien regime? but he was so im- 
pressed by Beckmann that he urged him to stay on as 
his assistant. Kolbe and Wislicenus differed radically 
in their views on organic chemistry. Beckmann with 
his characteristically open mind was, of course, eager 
to learn the newer concepts that now prevailed. 
Frankly and without embarrassment he took a seat 
among the students, many of whom he was instructing, 





1 The probationary lecture was on ‘‘Ptomaines.”’ 
2 See OESPER, THIS JOURNAL, 21, 107 (1944). 
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because Wislicenus had given him supervision of the 
organic laboratory.* 

Beckmann’s previous interests were now joined 
with the organic field. Well acquainted with the 
essential oil industry, he began to study the con- 
stituents of peppermint and camphor oils. The 
oximes of menthone proved particularly interesting. 
Under the guidance of Wislicenus he investigated the 
spatial arrangements of these compounds. This study 
led to the discovery of the reaction which, at Victor 
Meyer’s recommendation, has ever since been known 
as the Beckmann rearrangement. It was first observed 
in 1886, when he found that benzophenone oxime is 
converted to benzanilide when treated with phos- 
phorus pentachloride followed by alcohol and alkali: 


CeHs—C—CcHs CoHs—C—CsHs—>CsHs—C—Cl  CeHs—C=0 
h—on” N—Cl N—CiHs H—N—CsHs 

This striking migration of the radical from carbon to 
nitrogen created a justified stir; Beckmann’s name was 
on the lips of most of the organic chemists. From 
then on, he intermittently published accounts of various 
phases of this reaction that has contributed so much 
to the elucidation of the stereochemical relationships 
of carbon-nitrogen compounds. 

Another remarkable development grew out of this 
notable discovery. In 1887 Beckmann found that 
cold sulfuric acid converted benzaldoxime into a new 
material of the same empirical composition. Though 
the product was later proved to be a stereo-isomer, at 
the time it seemed likely that it was a polymer. Con- 
sequently, it was tmperative to determine the molecular 
weights of the two oximes. This brought Beckmann 
face to face with a situation that had balked organic 
and physical chemists. In short, there was no satis- 
factory means of determiming, with any degree of 
exactness, the molecular weights of the constantly 
lengthening list of organic compounds. The Victor 
Meyer vapor density method obviously was limited, 
in its application to organic compounds, to the rel- 
atively few materials that could be vaporized without 
decomposition. Molecular weight measurements based 
on osmotic phenomena foundered on the complica- 
tions of the procedure. The use of effects based on 
Raoult’s Law offered more promise, but Raoult’s 
apparatus, despite modifications by Victor Meyer, 
Auwers, and Ostwald, remained impractical for general 
laboratory use. In an astonishingly short time Beck- 
mann succeeded in improving Raoult’s primitive ap- 
paratus enough so that fairly accurate results obtained 
by the cryoscopic method were published in 1888. 

The chair of physical chemistry at Leipsic was, 
at that time, the only professorship of its kind in the 
world. Wiedemann, the incumbent since 1871, wished 
to return to his real field, physics. Lothar Meyer and 
Landolt refused the post, and likewise, after long 


Many found Wislicenus cold and unapproachable but his 
friendship with Beckmann grew steadily. He invited him, his 
junior by 18 years, to address him with the fraternal ‘‘Du.” 
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negotiations, van’t Hoff. The young Ostwald was 
then called and came to Leipsic in 1887. The main 
chemical laboratory had become overcrowded, and the 
pharmaceutical students were moved across the street 
into Ostwald’s building. He consented to take charge 
of this ‘foreign’ group, only on condition that a com- 
petent assistant was made available. Beckmann, the 
graduate pharmacist, was the logical choice, and so the 
latter now found himself in a totally different atmos- 
phere. His new chief, who actually was several months 
his junior, reoriented his ideas and interests, just as 
Wislicenus had done two years before. 

Beckmann brought not only a determination to be- 
come competent in this, for him, entirely different 
field of chemistry, but he also brought an important 
problem: the development of a usable method of de- 
termining molecular weights of materials that could 
not be volatilized. Ostwald wrote :4 


“T well remember the tenacious indefatigability with which 
Beckmann pursued his self-imposed tasks. Besides the changes 
in the freezing point, alterations in the boiling point or vapor 
pressure offered possibilities for measuring the molecular 
weight. Up till then static vapor pressure determinations has 
been employed exclusively, because the difficulties experienced 


in the determination of the boiling point made it appear hopeless 
to use this figure in exact measurements. Beckmann, influenced 
in part by me, began by the static method. However, he was 
also intrigued by the adventure of facing the obstacles, and so 
one day he surprised me with his first boiling apparatus. He had 
succeeded in accurately determining the temperature with the 
bulb of the thermometer in the boiling liquid, a feat that to all 
the experts, on the basis of previous experiences, had seemed 
quite impossible.” 

The initial success fanned the flames of Beckmann’s 
enthusiasm. With Ostwald’s consent, Beckmann hired, 
at his own expense, an assistant to take over most of his 
routine duties, so that more time was available to work 
toward the perfection of his methods. Through the 
years and decades he invented such accessories as the 
electromagnetic stirrer, electrical heating, the auto- 
matic tapper, etc. It has well been said that the 
Beckmann procedures for measuring the elevation of 
the boiling point and the depression of the freezing 
point deserve to be ranked with the Liebig combustion 
methods in their fundamental effect on the progress of 
organic chemistry. 

The story of the invention of the Beckmann ther- 
mometer is a logical part of this narrative. Under 
Beckmann’s supervision, the local glass worker had 
tediously constructed an extremely long thermometer, 
whose scale was accurately divided into one-hundredths 
of a degree. It was designed for boiling point measure- 
ments. One day, while Beckmann was carrying this 
lance-like instrument through a doorway, a sudden gust 
of wind slammed the door and half of this precious ther- 
mometer was broken off. He accepted the accident as 
a challenge to his ingenuity; how could the excessive 
length be reduced without sacrificing the accuracy of 
reading to this small fraction of a degree? The short- 
ened differential thermometer with the upper mercury 





* OstWALD, Z. angew. Chem.. 36, 344 (1923). 
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storage well resulted. Despite its limited scale, a 
“Beckmann” can be set to function at the most varied 
ranges of temperatures. 

Beckmann applied his cryoscopic and ebullioscopic 
procedures to such important problems as the measure- 
ment of the molecular weights of sulfur, iodine, and 
phosphorus. Though he was working at the very hub 
of the new physical chemistry, he did not abandon his 
organic researches. He and Th. Paul studied the 
action of metallic sodium on aldehydes and ketones, an 
important preliminary to the later work by Schlenck 
and others on free radicals. 

Beckmann was an outstanding teacher, possessed 
of infinite patience and good humor. His lectures were 
eagerly attended, and were often interrupted by out- 
bursts of spontaneous hearty laughter. At the close 
of his lectures he was always glad to repeat demon- 
strations and to discuss certain topics in more detail. 
As his lectures often came at the last morning period, 
it sometimes happened, that as the after-audience 
gradually melted away to go to lunch, he, explaining 
at length, and with apparatus in hand, accompanied 
the inquisitive but hungry student clear into the street. 
His unusual acquaintance with the literature and un- 
failing memory made him a favorite source of advice 
especially by those preparing dissertations. He was in 
the laboratory from early to late, including most 
Sundays. At Christmas, his doctorate students re- 
ceived valuable chemicals. The successful accomplish- 
ment of a difficult experiment brought a good cigar, 
from a box kept exclusively for such occasions. He, 
himself, never smoked. 

As his reputation grew, calls to other schools came, 
including one from the newly founded Clark Univer- 
sity. In 1891, Beckmann accepted the chair of physical 
chemistry at Giessen. Four years under Ostwald’s 
guidance had fitted him from the chemical standpoint, 
but Beckmann felt that his mathematical training was 
insufficient. He again, as twice before, did not hesitate 
to take instruction though he was now 37 and a full 
professor. 

Conditions at Giessen were unfavorable, and though 
he was promised a new building for physical chemistry, 
for which he drew the plans, he stayed only one year. 
In 1892, he went to Erlangen in the dual role of pro- 
fessor of pharmacy and director of the government 
institute for the investigation of foods and nutrition. 

His quarters were in the one-story, semicircular 
conservatory of the old baroque palace, the previous 
residence of the margrave. However, Beckmann’s 
remodeling talent and architectural common sense soon 
converted this space and the neighboring rooms into 
useful laboratories, to accommodate the ever-increasing 
number of students. Beckmann quickly became in- 
timately acquainted with the problems under investiga- 
tion and his helpful advice was eagerly sought. Natur- 
ally he sought to apply the new physicochemical 
methods to the examination of foods, and many of the 
old empirical tests were replaced or improved and made 
more decisive. For instance, measurements of elec- 
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trical conductance and determination. of freezing points 
were used to reveal the watering of. milk, or the ad- 
dition of salts, etc. Physical methods were similarly 
developed for testing wines, beers, honey, and so: forth. 

The local chemical society and medical association 
gave Beckmann full opportunity to expound the new 
viewpoints and findings to the older chemists. and 
physicians. At the university, in addition to his 
courses in inorganic and organic chemistry in relation to 
pharmacy and medicine, he gave several series of lec- 
tures on forensic chemistry, the chemistry of food, and, 
of course, on physical chemistry. The numerous 
doctorate candidates were given problems on oximes 
and their rearrangements; others studied the refine- 
ments of his methods of determining molecular weights. 
The boiling vessels, condensers, burners, stirrers, etc., 
were repeatedly modified; platinum tetrahedra were 
found a decided asset in boiling point measurements. 

To his students, he was a mature, more experienced 
fellow-worker. Sarcasm and ridicule were utterly 
foreign to his nature. When necessary he could be 
severe, but his scoldings, criticisms, and remonstrances 
left no aching wounds. Though a dominant character, 
he never dictated. He not only allowed his assistants 
to choose their own fields of study and investigation 
but, in great measure, he also left to them the selection 
of the laboratory exercises to be assigned to the various 
sections (chemists, pharmacists, biologists, etc.). 

A successful conclusion of the doctorate topics sug- 
gested by him was never guaranteed by mere diligent 
plodding. Plenty of difficulties were unusually en- 
countered. He listened attentively to the resulting 
tales of woe, but he refused to allow the troubled stu- 
dent to use himasacrutch. Time after time he pointed 
out that difficulties existed for the sole purpose of being 
overcome. Hindrances and experiments that go wrong 
should be welcomed rather than deplored. They make 
the student do some real:thinking. Only under such 
circumstances is real pleasure to be derived from one’s 
work, and genuine satisfaction is born only from the 
conquest of difficulties. 

“Vater Ernst’’ as he was affectionately known among 
the student body, enjoyed a parallel position among his 
colleagues. His comments in faculty meeting and 
senate were listened to with respect; he was an out- 
standing figure in the community. As his reputation 
grew, other schools tried to win him away, but the con- 
ditions in Erlangen were so favorable that it was easy 
to decline the offers. However, in 1897 a call came 
that he could not refuse. His alma mater, Leipsic, 
invited him to fill the newly created professorship of 
applied and pharmaceutical chemistry. 

His quarters were the very rooms in which he had 
served as assistant under Ostwald, who was now housed 
in the new laboratory, where so many physical chemists 
of note have been trained. Beckmann began drastic 
remodeling, and took over more space from time to 
time. An auditorium (capacity 250) was erected as a 
separate building in 1902. This lecture hall was a fine 
example of Beckmann’s pedagogic-architectural tal- 
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ents; it embodied a number of novel features that he 
had developed through patient experimentation. The 
light from above fell on the table, rather than into the 
seats; the windows and sky light were provided with 
electrically driven blinds. A specially designed pro- 
jection apparatus enabled the audience to see reactions 
carried out in crucibles, dishes, etc. Backgrounds of 
different colors were used to make precipitates and 
colors more visible. Beckmann, a large man, lectured 
in a snow-white smock that acted as a contrasting sur- 
face against which he could display reactions involving 
color changes. One of his hobbies was the design of 
large charts that were carefully hung so that they could 
be seen and read by all. The clarity and forcefulness 
of his demonstrations, the careful, logical development 
of his arguments, the wise choice of material, the 
judicious restriction of the subject matter, the union 
of all these factors made his demonstration lectures 
masterpieces. They were definitely planned to meet 
the needs and capacities of the students; they never left 
them with a confused impression but rather clarified 
their ideas. His discussions stimulated his hearers and 
aroused in them an ever-increasing interest. 

Beckmann was an outstanding example of a chem- 
istry professor who also had engineering sense. Too 
often, architects do not receive proper cooperation 
from the men who are to use the laboratories, and the 
faults that develop are blamed on the wrong persons. 
Beckmann brought his architects the results of well- 
planned, carefully executed experiments, and thus the 
difficult task of remodeling an old laboratory building 
was accomplished with unusual success. Air and light 
had to be provided for inside and underground rooms. 
This was done by lining the light shafts with white 
glazed tiles; the doors were fitted with glass panels, 
the windows were enlarged, white paint was used on 
the doors and walls. The capacious ventilating sys- 
tem was designed to suck the bad air from all the rooms. 
The fresh air sent into the halls was exhausted through 
the draught pipes in the laboratories, and one-way vents 
in or over the doors prevented fumes from entering the 
halls. No ventilators were put in the windows, a 
rather common practice, because Beckmann found 
that hoods then drew the fumes back into the room. 
Even little items were given careful attention. The 
windows of the hoods were easily removed for washing; 
the desks and clothes closets were fitted with clever 
locking arrangements so that they could be used by one 
or two persons; the drains included special clay traps, 
etc. This laboratory long served asa model. So many 
inquiries came that Beckmann published a detailed 
description.® 

Engrossed with these building projects, Beckmann 
had only limited time to devote to his rather many 
doctorate students. The printed papers were rela- 
tively few, because the quality of the work did not come 
up to his self-imposed standards, and, furthermore, he 
refused to publish results of which he lacked adequate 


_>“Das Laboratorium fiir angewandte Chemie der Universi- 
tat Leipzig in seiner neuen Gestaltung,’”’ Leipsic, 1908 
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confirmation. Many of the papers in this period dealt 
with improvements and extensions of his cryoscopic and 
ebullioscopic methods and with the molecular dimen- 
sions of certain elements and compounds. He de- 
veloped an electrolytic gas generator, 7. e., an atomizer 
for producing long-lasting colored flames, so useful in 
spectroscopy. He also devised an excellent sodium 
lamp for use in polarimetry. A convenient hand 
spectroscope was another fruit of his inventive talents; 
likewise the well-known sodium press. A grand prize 
and a gold medal were awarded to him for the elaborate 
exhibit of his molecular weight apparatus, etc., at the 
St. Louis Exposition in 1904. 

Beckmann’s reputation as an administrator and 
productive director of research naturally brought him 
attractive offers. In 1902 he declined the headship of 
the newly built pharmaceutical institute of the Univer- 
sity of Berlin; in 1905 a similar enticing call to Munich 
was refused. He had another goal in view. A plan was 
afoot to found a national research center for chemistry. 
This was badly needed. The growing university en- 
rollments made it increasingly difficult for the pro- 
fessors to immerse themselves in extensive and difficult 
experimental problems. Consequently, studies that 
demanded continuous attention were seldom at- 
tempted. Many chemists longed for laboratory fa- 
cilities where they would not be harried by academic 
duties. They viewed enviously the Physikalisch 
technische Reichsanstalt, that turned out such meri- 
torious work in both pure and applied physics. In 
1905 positive steps were taken under the leadership of 
Ostwald and Nernst. The universities, chemical 
industries, and the government were represented in the 
committee that drew up plans. The industries of- 
fered generous financial aid; it was hoped that the 
national treasury would meet the rest of the cost. 
Differences of opinion arose, however, and the negotia- 
tions dragged on. In 1909 plans for the building were 
ready, but by then the financial condition of the coun- 
try had deteriorated. Help came from an unexpected 
source. The Emperor had long been interested in a 
plan to build a group of scientific institutes at Dahlem 
(on the outskirts of Berlin). The funds were to be 
provided by private subscriptions. The ‘Verein 
Chemische Reichsanstalt’’ joined hands with this 
newer project and the Kaiser Wilhelm Institut fiir 
Chemie resulted. Beckmann was a prime figure in this 
affair; he had devoted much time to it. His outstand- 
ing administrative talents, and his successful career 
in building laboratories made him the logical choice 
as director of the new institute. 

He held his farewell lecture at Leipsic on March 1, 
1912. The jammed auditorium was banked with 
flowers. The great Kommers that evening was at- 
tended by many of his former students, and evidences of 
respect and affection were showered on their great 
teacher and friend. At the close of the festivities, 
the horses were unhitched and his carriage was drawn 
home by the vociferous throng. 

The Institut was built according to plans due in large 
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measure to Beckmann. For many years it was the 
finest chemical research laboratory in the world. 
Willstatter headed the organic section; Hahn the radio- 
active division. Accommodations were provided for 
12 assistants, and for a number of volunteer workers. 

Much of Beckmann’s time and energies were con- 
sumed in getting things in real running order, but with 
the aid of an experienced coworker he started some 
studies. Spectral analysis and molecular weight de- 
terminations were emphasized. He particularly wished 
to study the applicability of dynamic measurements to 
the determination of the thermodynamic relations 
between vapor pressure, heat of vaporization, and 
critical data. In his speech at the dedication exercises 
(October 23, 1912), the Kaiser had suggested a problem, 
namely, the development of apparatus to signal the 
presence of explosive mixtures in mine atmospheres. 
Beckmann produced a fairly successful indicator and to 
the end of his career worked toward improving this 
important device. 

Beckmann had always remained aloof from politics, 
and so when war came in 1914, he was not in close touch 
with the military authorities. Consequently he was not 
asked to participate in the solution of their large-scale 
technical problems. This neglect grieved him, and 
characteristically he turned to matters to aid the home 
folks and the men in the ranks. For instance, he 
studied the use of explosives in preparing dug-outs and 
trenches, the ventilation of shelters, gas masks, the 
use of his gas detector to warn the crews of dirigibles 
of dangerous accumulations of hydrogen-air mixtures. 
He did this work without encouragement from the 
High Command. The latter, however, invited him and 
other professors to deliver lectures at Warsaw ‘‘to 
increase in Poland the respect for German ability, 
diligence, and aspirations, and to act as the advance 
guard for the tasks we shall undertake when peace 
comes.” Beckmann became a prominent member of 
the censor’s office, and it often was not easy to com- 
pose the differences between the authorities and the 
authors and publishers of chemistry books and articles. 

When the food shortage began to make itself felt 
he, as a nutrition expert, was put on the commission to 
study substitute foods. He worked out simple, cheap 
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methods of converting seaweed, straw, and sawdust 
into materials that could be digested by domestic 
animals. Though his process was excellent, it was not 
adopted because the plants were already in operation 
on the older methods. 

Later he turned to the important problem of making 
the high protein content of the poisonous lupine seeds 
available for human consumption. He developed a 
satisfactory small-scale procedure, but it was not suc- 
cessful in technical form, through no fault of his. These 
disappointments broke his spirit. Furthermore, for 
months he audaciously used his throat to determine 
the extent of the removal of the toxic bitter principles. 
Occasionally some of the liquor was accidentally swal- 
lowed, and in time severe stomach disorders resulted. 
Consequently, when he reached the retirement age 
in 1921, he was a sick man, both in body and soul. His 
years at the Institut had brought him little pleasure, 
and the fulfillment of his years of desire had turned to 
ashes. 

After his retirement, he was given a laboratory, two 
assistants, and supervision of several doctorate can- 
didates. He returned to his early triumphs: the “re- 
arrangement” and boiling point apparatus. He hoped 
to apply the latter to the distillation of binary and more 
complicated mixtures of liquids, with the goal of making 
findings that would be useful in industry. He worked 
all day, with youthful enthusiasm, but protracted spells 
of illness came at ever shorter intervals. On his 70th 
birthday the Zeitschrift fur angewandte Chemie issued a 
Festschrift, with articles contributed by 11 of his 
former collaborators. However, too ill to see visitors, 
the token of esteem was received with a faint smile of 
gratitude. Ernst Beckmann died a week later, on 
July 12, 1923. His grave is in the cemetery at Dahlem. 
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VITAMIN C AND TOOTH DECAY 


While fluorine has been engaging the attention of the nutritionists as an important 
factor in dental nutrition, work has also been progressing on the effects of vitamin C 
deficiency on tooth health. Experimental tests have shown pronounced alterations 
of the enamel, the dentin, and the dental pulp due to a deficiency of this vitamin. 
The results are more noticeable in the paradentium than in the tooth itself. A large 
number of paradentoses were found to be either caused or exacerbated by vitamin C 
deficiency. In treating them, the synthetic vitamin, ascorbic acid, was efficacious 


either as vitamin or pharmacodynamic agent.—Food Materials and Equipment 
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Efficiency of Fractional Distillation Columns 


ALLEN C. BUCK' 
Cleveland, Ohio 


INTRODUCTION 


HE importance of fractionaldistillation asa research 

tool is constantly increasing. An important factor 
in connection with laboratory fractional distillation 
columns with which students should be acquainted is 
the measurement of their efficiency. Aside from its 
application to the practical operation of a column a 
statement of the efficiency of a column usually provides 
a convenient description of its effectiveness, without 
recourse to drawings or a lengthy discussion of its con- 
struction. The data required for measurement of the 
efliciency of columns arescattered throughout thechemi- 
cal literature. The purpose of this article is the col- 
lection and presentation of the directions for the ap- 
plication of these data to the measurement of the 
efficiency of fractional distillation columns. 

A simple laboratory column with a total condensa- 
tion variable takeoff still head and special still pot is 
shown in Figure 1. The labeled parts of the column 
may be conveniently referred to in connection with the 
following directions for measuring the efficiency of a 
column. 


PROCEDURE 


Efficiency of a fractional distillation column is a 
descriptive term usually meaning the total number of 
theoretical plates under some set of operating condi- 
tions. Generally the efficiency of a column is measured 
while it is operating at equilibrium under total reflux; 
1. €., the takeoff rate is zero. Takeoff rate is defined as 
the rate of taking off distillate, expressed as ml. of 
liquid per hour. 

The maximum efficiency is determined by operating 
the column at a variety of reflux rates until the maxi- 
mum number of theoretical plates is given by a partic- 
ular reflux rate. Reflux rate is defined as the rate of 
liquid descending the column, expressed as ml. of liquid 
per hour. 

Several binary mixtures of compounds have been 
used for measuring the efficiency of columns. A mixture 
of n-heptane and methyl cyclohexane is frequently 
used, and the procedure described here concerns this 
mixture. The method, in brief, consists of refluxing a 
mixture of pure n-heptane and methyl cyclohexane 
through a column at total reflux until equilibrium is 
reached. Samples of the mixture are simultaneously 
removed from the still head and still pot takeoffs for 
measurement of index of refraction. With the aid of a 
mathematical equation involving the molar composition 
of the samples, which is obtained from the index of 


‘Present address: Sherwin Williams Company, Western 
Reserve University, Cleveland, Ohio. 
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FIGURE 1.—FRACTIONAL DISTILLATION COLUMN 


refraction data, the efficiency of the column is readily 
calculated. 
The detailed directions for measuring the efficiency 
of a fractional distillation column are as follows: 
Preparation of Pure n-Heptane. Nearly pure n- 
heptane may be obtained from the California Chemical 
Company. It is purified by treatment with chloro- 


sulfonic acid. A mixture of n-heptane and 15 per cent 
by weight of chlorosulfonic acid is stirred in a round- 
bottom flask for 15 hours at room temperature. The 
upper n-heptane layer is decanted from the mixture, 
washed with water and aqueous sodium carbonate solu- 
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tion until neutral, refluxed over sodium hydroxide 
pellets, and finally distilled from sodium wire through 
an efficient column. A middle fraction is collected as 
pure n-heptane and should have the following physi- 
cal constants:? N70 1.3878; d% 0.6839; b. p. 760 mm. 
98.4°C. 

Preparation of Pure Methyl Cyclohexane. Eastman 
Kodak’s ‘‘practical’’ grade of methyl cyclohexane is 
treated with cold concentrated sulfuric acid, washed 
with water and aqueous sodium carbonate solution until 
neutral and distilled from sodium wire through an 
efficient column. A middle fraction is collected as pure 
methyl cyclohexane and should have the following 
physical constants:? N?? 1.4232; d? 0.7693; 
b. P- 760 mm- 100.8°C. 

Preparation of a Mixture of n-Heptane and Methyl 
Cyclohexane. A mixture of one part n-heptane and two 
parts methyl cyclohexane by volume is prepared and 
should have a refractive index at 20°C. of about 
1.4150. However, this value is not critical. 

Establishment of Equilibrium Conditions. The column 
to be tested should be clean and free of all organic ma- 
terial. Approximately 50 ml. of the mixture of n- 
heptane and methyl cyclohexane is placed in the special 
still pot (cf. Figure 1) and the mixture vaporized at a 
known reflux rate under total reflux conditions through 
the column for at least exght hours. The reflux rate is 
obtained by counting the drops of liquid returning to 


2 BROMILEY AND QUIGGLE, ‘‘Vapor-liquid equilibria of hydro- 
carbon mixtures,” Ind. Eng. Chem., 25, 1136-8 (1933). 
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the still pot from the column and is expressed as ml. of 
liquid per hour. 

Collecting Samples for Refractive Index Measurements. 
After the column is in equilibrium, approximately 0.5- 
ml. samples of liquid are simultaneously removed from 
the still head takeoff and still pot takeoff (cf. Figure 1). 
The indexes of refraction are measured at 20°C. This 
procedure is repeated for a variety of reflux rates, pro- 
ceeding from a high to a low reflux rate, and the data 
are collected under the headings shown in Table 1.* 


TABLE 1 
EFFICIENCY TESTS 


Mol Fraction n-Heptane 
Still head Still pot N 


Reflux Rate 
Ce./hr. 


Refractive Index 
Still pot Still head 


Determination of Mol Fraction of n-Heptane in Still 
Head and Pot. Bromiley and Quiggle* have measured 
the index of refraction of known mixtures of n-heptane 
and methyl cyclohexane and their results are tabulated 
in Table 2. 


e TABLE 2 
Mol Fraction of n-Heptane Ny 
0.0000 1.4232 
0.0787 1.4200 
0.1638 1.4165 
0.2486 1.4135 
0.3372 1.4100 
0.4126 1.4075 
0.5186 1.4036 
0.6056 1.4004 
0.6993 1.3970 
0.7942 1.3942 
0.9338 1.3899 
1.0000 1.3878 


A graph should be prepared from these data plotting 
the mol fraction on n-heptane on the abscissa and the 
index of refraction on the ordinate. The mol fraction 
of n-heptane for each pair of samples simultaneously 
taken from the still head and still pot may be obtained 
from this graph. These values should be recorded in the 
proper place in Table 1. 

Calculation of the Efficiency of a Column. The 
efficiency of the column, JN, at the various reflux rates 
listed in Table 1, is obtained from the following equa- 
tion :‘ 
= 108 [xo (1 — Xn)/%m (1 — 20) 


a log R 


where JN is the number of theoretical plates; A has the 
value of 1.0726*: 4; x» is the mole fraction of n-heptane 
in the still head; x, is the mol fraction of n-heptane in 
the still pot. If x, is greater than x» they are inter- 
changed in the above formula. The maximum efli- 
ciency is obtained from the reflux rate which gives the 
highest value of NV in Table 1. 

More recently Lecky and Ewell® have plotted the 

(Continued on page 492) 

3 SELKER, BURK, AND LANKELMA, “‘An efficient low holdup 
laboratory column,” Ind. Eng. Chem., Anal. Ed., 12, 352-5 
(1940). 

4 BEATTY AND CALINGAERT, “Vapor-liquid equilibrium of 
hydrocarbon mixtures,” Ind. Eng. Chem., 26, 504-8 (1934). 

5 LecKY AND EwELL, ‘‘Spiral screen packing for efficient labo- 
ratory fractionating columns,” Ind. Eng. Chem., Anal. Ed., 12, 
544-7 (1940). 
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Here and There in the Trade Literature 


TE LAMP for June, 1944 (Standard Oil Company 

of New Jersey, 30 Rockefeller Plaza, New York 
City), is full of chemistry—oil chemistry, of course. 
Its lead article, ‘“‘The great sreen gasoline,” is a very 
readable account of the development of aviation gas- 
oline and is accompanied by a very clever series of 
cartoon-pictures entitled ‘‘Iso-octane; Story of a mole- 
cule.’ This pictorial story of a rather complicated 
chemical process has many good instructional ideas 
which would be of interest to teachers. Another 
article, ‘‘Cyclone in a cylinder,” describes the de- 
velopment and operation of the new “‘fluid catalytic’’ 
process of cracking. It is of enough interest to quote 
from it, as follows: 


‘Though the American petroleum industry is the largest in 
the world, it could not have achieved a daily production of 
more than 400,000 barrels of 100-octane gasoline without the 
relatively new refinery process, catalytic cracking. The crack- 
ing—and today the major cracking method used in the produc- 
tion of 100-octane gasoline—is known as the Fluid catalyst proc- 
ess. 

“A Fluid catalyst unit is an awe-inspiring but highly docile 
chemical machine, towering in some cases to a height of 200 feet, 
with its huge steel drums and its labyrinthine pipelines standing 
open to the weather. In full operation, with its powdered catalyst 
whirling in a white storm in the reactor, the exterior of the great 
machine is motionless and all but soundless. It is apparently 
unattended by human hands. It looks idle. There is nothing 
in its exterior to indicate the huge scale of operations within its 
walls—nothing except the dials, meters, and gages on the long 
panel in the control room, where a small crew controls the mon- 
ster’s hourly intake of air, gas, live steam, catalyst, oil, and 
water. 7 

“And yet, idle though it appears, its production of raw mate- 
rials for 100-octane gasoline makes it a key contributor to the 
mastery of the skies which the Allies have won in this first 
major air war in history. 

“It is a long step from the black crude oil to a clear green- 
dyed product as highly synthetic as 100-octane aviation gaso- 
line. This is a very different fuel from ordinary gasoline form- 
erly obtained by distillation alone. Distillation averaged 20 
barrels of gasoline for every 100 barrels of crude. The yield 
has since been doubled by subjecting the heavier fractions of 
the crude to high temperatures and varying pressures so as to 
‘crack’ their heavy molecules into the lighter and more volatile 
molecules of gasoline. This process, known as ‘cracking,’ has 
made it possible to obtain as much as 45 barrels of gasoline 
from 100 barrels of crude. 

“The early application of cracking made use of heat and pres- 
sure alone. It increased the gasoline yield, and as soon as knock 
was identified as a characteristic of the fuel, cracked gasoline 
was found to possess an improved anti-knock quality. How- 
ever, for two reasons this process of thermal cracking could not 
be applied to aviation gasoline: (1) the improvement in anti- 
knock quality was not enough, and (2) cracked gasoline was 
not sufficiently susceptible to tetraethyl lead. 

‘For both of these reasons, the technicians worked for some 
time to improve the cracking process and a solution involving 


the use of a catalyst, and hence known as catalytic cracking, 
was being developed when the war came. The use of a catalyst 
made it possible to control the cracking reaction and so to pro- 
duce a gasoline higher in octane rating and more susceptible 
to tetraethyl lead. Catalytic cracking produces more than 50 
per cent of the enormous volume of 100-octane gasoline pouring 
from American refineries today.”’ 


There follows an account of the more technical de- 
tails of the operation of the ‘“‘fluid’’ catalyst, which is 
really a finely divided solid which, in the gas stream 
of oil vapors behaves asa fluid. Itis 
“picked up and carried along by incoming oil vapor to the 
reactor where the oil vapor is cracked. Separated from the 
cracked vapor, the catalyst is carried by an air stream to the 
regenerator where the carbon which has been deposited on the 
catalyst in the reactor is burned off. The purified catalyst, 
separated from the spent air, is returned to the incoming oil 
vapor to repeat the process.”’ 

The war has caused considerable interest in the 
Romanian oil deposits and refineries, especially since 
the American bombing of Ploesti in August, 1943. 
Shell News, August, 1944 (Shell Oil Company, 50 West 
50th St., New York City), carries an article on ‘“‘Ro- 
mania’’ which tells something of Romania as an oil- 
producing country and shows some excellent pictures 
of the bombing raids, which incidentally destroyed 
one of the Shell refineries there. Also, ‘“‘An industry 
is born” is an interesting historical account of the early 
days when petroleum was first discovered in Penn- 
sylvania. 


Shell Progress, July-August, 1944 (Shell Oil Company, 
50 West 50th St., New York City), like most of the 
trade literature, is largely devoted to war applications 
of its particular products, but it also tells how a phar- 
maceutical concern (The Upjohn Company of Kala- 


’ mazoo, Michigan) has turned its facilities into- the 


production of blood serum albumin, the use of which 
is in many ways superior to that of the more common 
blood plasma. 


A number of the lesser-known metals have some 
strange and important chemical applications. Zir- 
conium, for example, is used as a primer in flash bulbs 
and fireworks, and as a “getter’’ in the production of 
high vacua; lithium compounds have uses in ceramics, 
in air conditioning, and as welding fluxes; strontium 
is used in pyrotechnics and in fluorescent lamps; ti- 
tanium in as widely different places as false teeth and 
welding rods; cesium in medicines and electronic 
devices. These are among the things discussed in an 
article, ‘““Wonderful,’’ in the July number of Esso 
Oilways (Penola, Inc., 26 Broadway, New York City). 


Out of the Editors Bashet 


E RECENTLY received a copy of Pamphlet No. 3 

of the Vocational Guidance Series, of the Rochester 
Athenaeum and Mechanics Institute, Rochester, New 
York. It is entitled, ‘If you are considering industrial 
chemistry,”’ by one of our contributors, Ralph L. Van 
Peursem. Copies may be had from the author at the 
above address. It strikes us as one of the best recent 
additions to vocational guidance in this field. It is a 
well-balanced account of the nature of the work and the 
opportunities in industrial chemistry, and of the train- 
ing and qualifications necessary for those who are con- 
templating entering into it. 


e Mr. J. W. Huguley, Jr., of the Department of 
Chemistry, Howard University, Washington, D. C., 
has written us of certain material he is attempting to 
collect. We pass his letter on, with the thought that 
perhaps some of our readers can help him in his effort. 
He says: 


“The writer of this letter is attempting to compile a wide 
range of illustrative mate*‘al designed to help beginning chemis- 
try students form vivid mental impressions of important, but 
intricate, theoretical treatments which do not lend themselves 
to actual demonstrations. In this connection, I am particularly 
anxious to secure material which will aid in a simplified and 
visual presentation of such abstiactions as valence, the electrical 
nature of matter, the mechanism of electrolysis, combustion, 
crystallization, absorption, adsorption, changes in state, chemical 
action, the difference between the intensity and capacity fac- 
tors of heat, and other kinetic-molecular phenomena, etc. 

‘Permit me to solicit a description of any word pictures, 
charts, analogies, diagrams, models, mnemonic devices, vitalized 
sketches, stereographic views, or other teaching devices which 
you have found to be effective in teaching abstract chemical 
principles and concepts. 

‘“‘Any advice or suggestions that you may see fit to offer in 
connection with this project will also be greatly appreciated.”’ 


@ Stockpiles of agar, formerly dependent on supplies 
received exclusively from Japan, have now been im- 
proved to such an extent by newly developed domestic 
production and by imports from Mexico that restric- 
tions on the use of agar have been removed. 

Agar is a jelly-like substance extracted from certain 
types of seaweed found on both the Atlantic and 
Pacific coasts. It is principally used in making bac- 
teriological cultures, but only the seaweed found on the 
West Coast yields the type of agar that can be used for 
the production of these cultures. Agar is also used in 
the preparation of medicinals, pharmaceuticals, and 
food, and in the drawing of tungsten wire and the manu- 
facture of dental impression compounds. 


@ Traditional chemical methods of analyzing metals 
are yielding to the more modern spectrographic tech- 
nique, thus saving time, manpower, and money for war 
industries using metals. 

Though the spectrographic method has existed for 
some years, it has been made more effective recently 
as wartime demands grew in volume and necessitated a 
speedier, less costly procedure to analyze metals. 

It has been established that a concentration of about 


two hundredths of 1 per cent tin is harmful for many 
steels. With the increased use of scrap, such a tin con- 
tent is not uncommon. A chemical analysis to deter- 
mine the tin content requires about eight hours, while 
a spectrographic analysis is made in less than ten min- 
utes. The latter can be made while the furnace is 
waiting. 

Another example is found in magnesium alloys. A 
calcium content of about one tenth of 1 per cent de- 
stroys the usefulness of many such alloys. Because of 
the great chemical similarity of calcium and magnesium, 
there is no chemical method to detect such amounts of 
calcium. The spectrograph accomplishes this without 
difficulties. 


@ There has been a marked increase in the output of 
vitamin C during the last year, and the supply now al- 
most equals the demand. Since vitamin C is made from 
corn sugar, production is wholly dependent on the sup- 
ply of corn. The current corn supply is said to be 
insufficient to permit maximum vitamin production. 
However, if the corn supply consigned especially to 


the industry is increased, it will be possible to remove . 


allocation controls from vitamin C. 

Vitamin C is at present limited to use in the preven- 
tion and treatment of scurvy and asthma and for other 
medicinal purposes, and in Army field rations. 


@ Because enlarged military uses for lactic acid are 
expected to require approximately 40 per cent of total 
production, lactic acid has been placed under alloca- 
tion control. 

Lactic acid is used in the flavoring of soft drinks and 
foods such as jams, jellies, pickles, olives, ice cream, 
sherbet; in the production of pharmaceuticals and 
medicinals; in the cleaning, sterilization, and processing 
of textiles; in the tanning of leather, and in the pro- 
duction of lactates used in plastics. 


The supply of lactic acid will be insufficient to meet | 


the civilian demand in view of the increased military 
requirements. 


e@ Anyone in the research laboratory who makes 
highly precise measurements of low voltages and who 
does not already have a copy of Leeds & Northrup 
Company’s catalog—‘‘Wenner Thermocouple Potenti- 
ometer’’—should find of interest a 12-page, revised 
edition of this publication, just issued. 

It describes the basic advantages which this po- 
tentiometer makes available. There is a discussion 
of the Wenner principle underlying the instrument 
design. There is information about mechanical con- 
struction, including a description of important details 
which help to minimize and compensate for error re- 
sulting from parasitic emfs. 

Write to Leeds & Northrup Company, 4934 Stenton 
Avenue, Philadelphia 44, Pennsylvania. Ask for 


Catalog E-33A(1). 
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Spot Reaction Experiments 
Part VIII: 


Photochemical Reactions 


FRITZ FEIGL 
Laboratorio Central da Producao Mineral, Ministerio da Agricultura, Rio de Janeiro, Brazil 


(Translated by Ralph E. Oesper, University of Cincinnati) 


HOTOCHEMISTRY deals with all reciprocal 

actions between chemical energy and light energy. 
Included, first of all, are chemical processes that pro- 
ceed with evolution of energy in the form of light 
(chemiluminescence).! The most familiar instance is 
the glowing that accompanies the autoxidation of yellow 
phosphorus. The reverse process is far more com- 
mon, namely, the effecting of chemical changes by light. 
This is the real domain of photochemistry, because it 
has been found that many examples of the influence 
of light can be cited for almost all types of chemical 
reactions, no matter whether they involve inorganic 
or organic materials, and no matter what their state of 
aggregation.” 

The fundamental law (Grotthus, 1817), that holds 
for every photochemical reaction, states that only 
absorbed light can accomplish chemical changes; re- 
flected or transmitted light is without effect. However, 
the absorption of light is only a necessary but not suffi- 
cient requirement for the initiation or acceleration of 
chemical processes. There are many cases in which 
light is absorbed without chemical change. On the 
other hand, it has long been known that if a chemical 
reaction is brought about by absorption of light, the 
extent of the change (after a certain induction period) 
is always proportional to the intensity of the incident 
and absorbed light. Furthermore, the wave length of 
the absorbed light is of decisive significance in photo- 
chemical reactions. 

Although the connection between light and chemical 
changes had been established experimentally in nu- 
merous cases, the systematic studies and measure- 
ments, as well as a theoretical foundation, date from 
the application of the quantum theory (Planck, 1900). 
According to this theory, energy, no matter what its 
nature, is not evolved or absorbed gradually and con- 
tinuously, but in elementary units (quanta). The 
introduction of the quantum theory into the course of 
photochemical reactions is expressed in the law of photo- 
chemical equivalence (Einstein, 1912). This states 
that each light quantum (hy) of the active light is taken 
up by one molecule or atom of the absorbing and 
photochemically active system. Accordingly, one gram 


' Compare Lreepy, J. CHEM. Epuc., 21, 142 (1944). 

? Photochemistry, through its close connection with modern 
physics, especially atomic theory, quantum theory, and spec- 
troscopy, has become an individual science, with an extensive 
literature. Excellent presentations are given by ROLLEFSON 
AND Burton in “‘Photochemistry,”’ Prentice-Hall, Inc , New York, 
1942, and by ELLIs AND WELLS in “The Chemical Action of Ultra- 
violet Rays,”’ Reinhold Publishing Corp., New York, 1941. 


molecule of the light-sensitive material reacts by 
taking up 6.10% light quanta. The & of the term hy is 
a universal constant (h = 6.54-10~*’ erg/sec.); y is the 
frequency of the light, 7. e., the velocity divided by the 
wave length. 

Complete validity of the law of photochemical 
equivalence would require that the quotient obtained 
by dividing the number of chemically altered molecules 
of the light-sensitive system by the number of light 
quanta absorbed equal unity. This quotient is called 
the quantum yield of a photochemical process. Actual 
determinations have shown that this requirement is 
exactly met in many cases. Frequently, however, it 
has been found that the quantum yield is much larger or 
smaller than 1. However, under fixed experimental 
conditions, the quantum yield of every photochemical 
process is a definite, reproducible, and characteristic 
figure. 

A satisfactory explanation of the validity and also 
of the apparent deviations from the law of photo- 
chemical equivalence is obtained by considering those 
physical and chemical effects, which, through their 
succession and ensemble, condition the occurrence and 
extent of photochemical reactions. 

If the Bohr theory of the structure of the atom is 
accepted, photochemical processes can be viewed as 
follows: The absorption of a light quantum causes an 
outer electron of an atom to shift into a higher quantum 
orbit, that is, into a level of greater energy. Accord- 
ingly, the absorption of light causes molecules gr cer- 
tain atoms of molecules to shift from a normal, non- 
reactive state into an energized and therefore more 
reactive condition. The taking up of light quanta is the 
primary process, essential to every chemical change 
due to the action of light. This purely physical 
process of taking up quanta can be formulated: AB + 
hv—AB*. In this expression, AB is the normal mole- 
cule, hy a light quantum of frequency v, and AB* the 
energized, activated molecule. 

In the total photochemical reaction, the primary 
process is followed by secondary physical and chemical 
processes. These may be: 

1. Reversion of the activated molecule to its nor- 
mal condition with emission of energy in the form of 
heat, motion, or light: 


AB* — AB + hy 


The emission of light is fluorescence. 
2. Reversion of the activated molecule into the 
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normal condition with transfer of energy to other mole- 
cules (sensitization) : 


AB* + M—AB+ M* 


The transfer of energy gained by absorption of light 
from activated molecules to molecules of other com- 
pounds, that of themselves are not activated in this 
same light, is known as photosensitization. The prod- 
uct M* can participate in the secondary processes given 
under (3) to (6). Consequently, when sensitization 
occurs, the light-absorbing system is chemically un- 
altered at the completion of the process. It functions 
merely as a vehicle for the transfer of energy. 

3. Dissociation of the activated (sensitized) mole- 
cule into radicals, atoms, or ions: 


AB*—+A+B 


4. Polymerization of the activated (sensitized) 
molecule with identical nonactivated molecules: 


AB* + AB — A.B, +o 


5. Inner-molecular rearrangements of the activated 
(sensitized) molecule to produce an isomer: 


AB* — BA 


6. Direct or indirect chemical reactions: 
(a) reactions of the activated (sensitized) mole- 
cule with other molecular species: 


AB* + C— ABC or AB* + C—>AC+B 


(6b) reactions of products of the secondary proc- 
esses (2) to (5) and (6a) with other mole- 
cules: 


Reactions of radicals or free atoms deserve special 
consideration. These materials are of themselves rich 
in energy and very reactive, and hence can react in turn. 
If these reactions again produce reactive structures, 
the process repeats itself. Accordingly, as soon as an 
activated molecule has reacted, a considerable number 
of molecules take part in subsequent reactions. This 
constitutes a chain reaction. Instances are known in 
which these chains have 100 to 1000 links or more. A 
chain reaction is broken if the union of atoms or 
radicals is accompanied by loss of their energy. 

These secondary processes proceed as sequels to the 
primary process, which initiated them. They occur 
either alone, or concurrently to different extents. 
Consequently, they determine the variety of the chem- 
ical effects of light and also the respective quantum 
yields. Obviously, there will be a strict equivalence 
between the absorbed light quanta and the reacting 
molecules in those cases in which a single chemical re- 
action follows the primary process. If energy is lost 
through physical secondary processes—particularly (1) 
——and likewise in cases in which products of a photo- 
dissociation reunite to regenerate the initial product, 
quantum yields less than unity may be expected. On 
the other hand, if chain reactions are started by the 
formation of free radicals or atoms, the quantum yields 
may be greater than unity, even though partial loss of 
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energy occurs because of concurrent secondary proc- 
esses of other kinds. 

A fundamental condition for the entrance of active 
molecules into chemically significant secondary proc- 
esses is that no such reaction is possible if its initiation 
requires more energy than corresponds to the energy 
content of the activated molecule. Consequently, 
chemical reactions depend on various factors, such as 
the nature of the particular system, the accompanying 
materials, the form of aggregation, etc. Especially 
important is the fact that a light-activated molecule 
retains its excess energy for a limited time only (10~* 
seconds). At the expiration of this period, energy 
is evolved again, for the most part as heat. Conse- 
quently, a chemical reaction cannot be detected at all, 
unless it is possible for the activated molecule (during 
its life period) to come in contact with other species of 
reactive molecules. It is therefore illuminating that 
the concentration of such acceptors is a determining 
factor for the quantum yields. 

The formation and life period of activated molecules 
also play a part in light-sensitive systems that are in 
equilibrium. The equilibrium may be shifted because 
one of the partners absorbs light and is thus activated. 
Such photochemical equilibria differ from true equil- 
ibria by the fact that their maintenance demands a con- 
tinuous supply of light. Therefore it is better to use 
the term stationary state. Frequently, a photoreaction 
can be detected by the fact that in the stationary state, 
a member of the photo-equilibrium can be easily rec- 
ognized, whereas in the normal equilibrium (dark 
reaction) its quantity is too small to be revealed by the 
same test. 

The effect of temperature on photoreactions is or- 
dinarily quite small. This isin contrast to the influence 
of this factor on many purely chemical changes, where 
it is often considerable. Consequently, most photo- 
reactions can be observed at room temperature. The 
difference in the temperature effect is understandable 
if it is noted that one light quantum represents a quan- 
tity of energy that is quite considerable when calculated 
in calories. This is particularly true when the irradia- 
tion is by means of light of high frequency, 7. e., of short 
wave length. For instance, one quantum of ultra- 
violet (wave length 2000 A. U.) corresponds to 142 
calories per mole. In contrast to these high figures, 
the relatively small energy supplied by warming a 
system to the boiling point plays no significant role. 

An acquaintance with the foregoing fundamentals is 
indispensable to an understanding of the chemical 
action of light. Many photoreactions proceed to 
such extents that they can easily be detected and 
demonstrated. Spot reactions often serve this purpose 
admirably. 

34. Photochemical Decomposition (Photolysis) of 
Metal Oxalates. Certain oxalates decompose if they 
are exposed to daylight or irradiated with ultraviolet 
light. All such cases involve metals that can form 
oxalates at different valences. The photodecomposi- 
tion always proceeds with loss of CO, by the oxalate 
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at the higher valence, which is thus converted into the 
oxalate of the lower valence. Since the decrease in 
valence is a reduction, and the conversion of the 
oxalate radical (C,0,)~~ into COs, is an oxidation, 
this photolysis of oxalates is an inner-molecular or iso- 
molecular redox reaction. 

Examples of the photochemical redox reactions of 
oxalates are: 

Fee(C20,); => 2FeC.O, + 2CO, 
UO.C20, + 2H2C20, —~ U(C20;)2 + 2H2O + 2CO. 
2Ce(C20,4)2 —> Ce2(C2O;)3 + 2CO, 


The decomposition of Eder’s solution is a further 
instance of the photolysis of oxalates. It contains 
ammonium oxalate and mercuric chloride. When 
exposed to light, mercurous chloride separates: 


2HgCl, + (NH,4)2C2O4 => Hg2Cl, + 2CO, + 2NH,Cl 


The decomposition is proportional to the intensity of 
the light, and this effect was formerly used to measure 
light intensities. In view of the photolysis of metal 
oxalates, as discussed in the foregoing, it is likely that 
the mercuric oxalate, or the complex oxalates, in Eder’s 
solution forms mercurous oxalate, and this then 
combines with chloride ions to form mercurous chlo- 
ride. 

It is noteworthy that the precipitation of mercurous 
chloride from Eder’s solution in visible light is ac- 
celerated strongly by traces of iron salts and of certain 
fluorescent dyes. Probably the discovery by Eder in 
1880 of the light sensitivity of a HgCl, — (NH4)2C20, 
solution was dué to the fact that the chemicals used 
at that time were not free of iron. The action of iron 
salts involves a catalysis reaction (cf. experiment 47). 
In contrast, the action of dyes is a typical photosen- 
sitization. The addition of uranyl salts also increases 
the light sensitivity of Eder’s solution. 

Procedure: (a) Photolysis of ferric oxalate. Mix- 
tures made from | drop of 1 NV ferric chloride and | drop 
of 1 N oxalic acid are placed in adjacent depressions 
of a white spot plate. One mixture is covered with a 
metal shield to protect it from the action of light. The 


plate is then exposed to strong sunlight or placed under ~ 


a quartz lamp for 10 to 15 minutes. Two or three drops 
of concentrated phosphoric acid are added (cf. experi- 
ment 35) and two drops of 2 per cent a, a’-dipyridyl 
solution in 1 N HCl. A pink to red color appears in 
the exposed specimen (ferrous a,a’-dipyridyl salt), 
whereas the unilluminated mixture remains colorless. 
(6) Photolysis of uranyl oxalate. Freshly precipitated 
uranyl hydroxide is dissolved in 1 N oxalic acid and 2 
or 3 ml. of this solution are placed in the bulb of the 
gas.evolution apparatus [see Part III, J. CHEM. Epuc., 
20, 243 (1943)]. A drop of 0.01 NV sodium carbonate 
solution, reddened with phenolphthalein, is placed on 
the base of the stopper. The closed apparatus is then 
subjected to the action of sunlight. Within a few 


* FEIGL, TuIs JOURNAL, 21, 294 (1944). 
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minutes, the color of the carbonate solution is dis- 
charged, due to the action of CO: produced. (c) 
Photolysis of ceric oxalate. Mixtures prepared from two 
drops of 2 per cent ceric sulfate solution and two drops 
of 1 N oxalic acid are placed in adjacent depressions of a 
spot plate. One mixture is shielded with a metal 
plate. After exposure to strong sunlight or ultra- 
violet light for about three minutes, the irradiated 
mixture shows a white precipitate (cerous oxalate), 
while the precipitate in the protected mixture remains 
yellow brown. (d) Photolysis of Eder’s solution is 
accomplished with and without activators. Mixtures 
prepared from two drops of 4 per cent ammonium 
oxalate solution and one drop of 5 per cent mercuric 
chloride solution are placed in adjacent depressions of a 
black spot plate. One of the mixtures is shielded with 
a metal plate. The irradiation in strong sunlight is 
continued until the precipitate of mercurous chloride 
is barely visible. The covered specimen remains un- 
changed. The time is noted and both portions of 
Eder’s solution are then protected with a metal plate. 
The experiment is repeated, but one drop of 0.02 .V 
ferric chloride solution, or 0.05 per cent uranyl acetate 
solution, or 0.02 per cent eosin solution, is added to the 
freshly prepared Eder’s solution. The specimens con- 
taining the activators are illuminated just as long as 
was the pure Eder’s solution in the previous experi- 
ment. In all cases, a much heavier precipitation of 
mercurous chloride results than in the pure Eder’s 
solution. Consequently, the metal or dye has strongly 
activated the light sensitivity of the Eder’s solution. 

35. Photochemical Equilibrium in Solutions of Ferric 
Salts. Aqueous solutions of ferric chloride are stable 
in the dark; no significant, reversible decomposition 
occurs: FeCl; @ FeCl, + Cl. However, on illumina- 
tion, this decomposition takes place to a detectable 
extent. Therefore, a new photochemical equilibrium, 
or the production of a stationary state in which the 
concentration of ferrous chloride is greater than in the 
dark, is indicated. This can be demonstrated if the 
ferrous ion formed by the action of light is immobilized 
and thus removed from the photo-equilibrium. Con- 
sequently, continued illumination, because of the re- 
establishment of the photo-equilibrium, will again 
produce ferrous ions that can, in turn, be masked. 
Ferrous ions can be sequestered by adding a,a’-di- 
pyridyl, which combines with them to form stable, 
complex red Fe (a-a’-dip);+* ions. If, therefore, 
a,a’-dipyridyl solution is added to a ferric chloride 
solution which is then illuminated, the original bright 
yellow color gradually changes through pink to red, 
corresponding to the formation and accumulation of 
red Fe (a,a’-dip)3+* ions. The mixed solution re- 
mains unaltered in the dark, corresponding to the 
position of the dark equilibrium, in which the con- 
centration of ferrous ions is too low to be detected. 
Ferric sulfate solutions behave, in this respect, like 
ferric chloride solutions. ‘ 

Procedure: Mixtures made from two drops of 1 NV 
ferric chloride solution and two drops of 2 per cent 
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a,a’-dipyridyl solution in dilute hydrochloric acid are 
placed in microcrucibles. One of these is covered im- 
mediately with a larger inverted metal crucible, the 
other exposed to direct sunlight for five minutes. Four 
drops of concentrated phosphoric acid are then added 
to both mixtures. The irradiated specimen turns 
deep red, the other only a faint pink. The phosphoric 
acid is added to discharge the yellow color of the ferric 
chloride solution (formation of colorless Fe(PO,)2-—~ 
ions), and thus facilitates the discernment of the red 
Fe(a,a’-dip)3+* ions. 

36. Photochemical Formation of Turnbull's Blue in 
Solutions of Ferric Ferricyanide. If ferric salts are 
treated with potassium ferricyanide, brown soluble 
FeFe(CN),. is formed. This dissociates to a consider- 
able degree: FeFe(CN). <> Fe+*+*+ + Fe(CN).——~. 
As shown in 35, irradiation of a ferric solution produces 
a photo-equilibrium in which there are more Fe*+* ions 
than in the dark equilibrium. Since a solution of 
FeFe(CN). always contains Fe(CN)s—~~ ions, the Fe+* 
ions produced by illumination are immediately com- 
bined as Turnbull’s blue, and because of this dis- 
turbance of the equilibrium, more ferrous ions are 
formed by the action of the light. Consequently, a 
light brown solution of Fe(FeCN)., which is stable in 
the dark, rapidly turns green and blue when illuminated. 
If the irradiation continues long enough, considerable 
quantities of Turnbull’s blue precipitate. 

Procedure: One drop of 1 per cent ferric chloride 
solution plus one drop of 2 per cent potassium ferri- 
cyanide solution are placed in each of two adjacent 
depressions of a white spot plate. One mixture is 
covered with a metal shield. After five minutes’ il- 
lumination, the exposed mixture is deep blue, whereas 
the unilluminated specimen retains its light brown 
color. 

37. Photochemical Autoxidation of Potassium Ferro- 
cyanide. On long standing, yellow solutions of potas- 
sium ferrocyanide turn brown, particularly if they are 
stored in partly filled white glass containers. The color 
change is due to the formation of small amounts of 
potassium ferricyanide. The reaction involves the 
autoxidation of potassium ferrocyanide: 


2K,Fe(CN). + HO + !/202 — 2K;Fe(CN),; + 2KOH 


This reaction is light sensitive, 7. e., it proceeds much 
more rapidly in direct light than in the dark. This 
action of light is demonstrated easily by means of 


indicators which reveal the potassium hydroxide 
formed. 
Procedure: Two drops of freshly prepared 2 pet 


cent potassium ferrocyanide solution in boiled distilled 
water, together with one drop of 1 per cent alcoholic 
phenolphthalein solution, are placed in adjacent de- 
pressions of a white spot plate. One mixture is covered 
with a metal plate and the spot plate exposed to direct 
sunlight. After a short time, a pink appears, while 
the unilluminated specimen remains unchanged. 

38. Photolysis of Silver Salts. Numerous soluble 
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and insoluble silver salts decompose with separation 
of free silver when exposed to the light. The most 
familiar example is the photolysis of the insoluble 
silver halides (AgCl, AgBr, AgI). This effect is the 
basis of the formation of the ‘latent image” and also 
of the copying process in photography. 

If precipitated silver chloride (or other halide) is 
exposed to sunlight, free silver is produced: AgCl— 
Ag + Cl. The finely divided metal adheres to the un- 
changed salt and confers an intense color on it. Such 
“‘photohalides”’ are light violet to brown, according to 
the quantity of free silver present. The extent of the 
production of the photohalide is limited, both by this 
adsorption that produces an opaque layer on the un- 
changed silver chloride, and also by the reverse re- 
action (formation of AgCl from its components). 
Consequently, a complete decomposition of the salt 
does not occur. Accordingly, the photolysis of finely 
pulverized silver halides or of precipitated products 
proceeds more quickly and to a greater extent than 
with large crystals. The same effect is obtained by 
adding materials such as sodium nitrite, gelatin, etc., 
that consume the halogen. The photolysis of AgCl and 
AgBr in gelatin emulsions, in which the particles are 
highly dispersed and thus expose a large surface, and 
also in the presence of sodium nitrite, strictly conforms 
to the law of equivalence, 7. e., the quantum yield is 
equal to unity. For reasons already discussed, the 
quantum yield is less than unity in larger crystals or in 
precipitated products. Silver oxalate also decom- 
poses when illuminated: AgeC,0O, — 2Ag + 2COn. 
Although this reaction, in contrast to the photolysis of 
silver halides, is irreversible, silver oxalate is less sen- 
sitive to light than the halides. 

Procedure: Single drops of 0.5 N HCl are placed 
next to each other on filter paper. After they have 
been absorbed, they are spotted with 0.1 WN silver 
nitrate solution. One spot is shielded from the action 
of the light by a crucible cover. After several seconds, 
the exposed spot turns violet. The exposure is con- 
tinued, and after five minutes, the cover is removed. 
The protected silver chloride will be found unchanged, 
while the irradiated spot is dark violet. 

The effect of halogen-binding materials can be dem- 
onstrated as follows: several milliliters of a strong 
sodium nitrite solution are placed in a crucible (capacity 
about 30 ml.) and acidified with sulfuric acid. The 
crucible is covered with a filter paper that is spotted 
first with HCl and then with AgNO;. A parallel test 
is set up, but the nitrite is omitted. The discoloration 
of the exposed silver chloride occurs sooner over the 
NO, vapors, and after equal periods the intensity of the 
color is also deeper. 

39. Acceleration of the Oxidizing Action of Chromic 
Acid and Chromates by Illumination (Photo-oxidation). 
At room temperature, chromic acid only slowly attacks 
certain organic compounds such as sugar, starch, cel- 
lulose, etc. Carbon dioxide is produced. by this oxida- 
tive degradation of the organic compound, and con- 
currently, Cr (VI) is reduced to Cr (III). - Alkali bi- 
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chromates behave analogously. The oxidative action 

of chromic acid and bichromates is hastened and in- 

tensified by illumination. This is the basis of the use 

of chromic acid in etching and intaglio printing. 
Oxygen is furnished by chromic acid: 


2H.CrO; —> Cr.O; + 2H:0 + 30 
4H* + 2CrO,-~ — Cr.0; + 2H20 + 30 


Consequently, H* ions disappear in all oxidations by 
chromic acid. Suitable indicator papers can be used 
to show the slow oxidation action of chromic acid in 
the dark and the rapid action in the light, as the H* ions 
disappear at different rates. 

Brown insoluble chromic chromate, Cr2(CrO,)s, is 
produced when bichromate solution acts on organic 
materials such as the cellulose of paper. Since the 
formation of this highly colored material is more rapid 
in the light, the photo-oxidation by means of bi- 
chromate can be seen easily as a spot reaction on paper. 

Procedure: Single drops of 0.2 per cent chromic acid 
solution are placed on two strips of Congo Red paper. 
Blue spots result. One strip is kept in the dark, the 
other is illuminated. After several minutes, the blue 
spot disappears from the exposed paper, and the 
original red is restored. The spot remains blue on the 
unilluminated paper. 

Single drops of 10 per cent potassium bichromate 
solution are placed near each other on thick filter 
paper (S & S 601). After they have soaked in, one 
spot is covered with a metal plate and the paper is ex- 
posed for about 10 minutes. The illuminated spot 
turns brown. The paper is then plunged into water. 
The unilluminated yellow spot washes away almost 
entirely, while the illuminated brown one remains. 

40. Sensitization of the Autoxidation of Ferrous 
Sulfate by Eosin. Solutions of ferrous sulfate slowly 
undergo autoxidation if they stand in contact with the 
air: 


2FeSO, + HO + !/:02 > 2Fe(OH)SO, 
3Fe(OH)SO, > Fe(OH); + Fee(SOs)s 


This autoxidation is accelerated by the presence of 
eosin, which thus acts as a sensitizer. 

Procedure: Two drops of freshly prepared 1 per 
cent ferrous sulfate solution together with two drops 
of 0.1 per cent eosin solution are placed in each of two 
adjacent depressions of a white spot plate. One mix- 
ture is shielded with a metal cover and the spot plate 
is placed in direct sunlight. After brief insolation, the 
exposed mixture becomes turbid, due to the deposition 
of Fe(OH)s3, or basic ferric sulfate. The quantity of 
precipitate increases as the exposure is lengthened. 
A precipitate appears in the nonilluminated mixture 
only after a much longer interval. 

41. The Action of Light on the System Silver Nitrate- 
Zinc Oxide. The action of zinc oxide on solutions 


of silver nitrate under the influence of light is an 
example both of a photochemical process in a hetero- 
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geneous system and also of a _ photosensitization.* 
At room temperature, and in the dark, zinc oxide has no 
particular action on silver nitrate. On the other 
hand, in the light, a considerable deposition of free 
silver is obtained in a few seconds: 


2AgNO; + ZnO — 2Ag + Zn(NO;) + 1/,0; 


Consequently, under illumination, zinc oxide exerts a 
sort of sensitizing action, since pure silver nitrate 
solutions deposit only small quantities of metallic 
silver, and then only after long illumination. The 
chemical basis of this photoreaction probably is that 
oxygen forms an addition complex with zinc oxide 
under the action of light. The oxygen is thus activated 
and forms unstable Ag,O2, which easily decomposes 
into its elements. Solutions of mercuric chloride and 
palladium chloride behave similarly. If illuminated 
in the presence of zinc oxide, they react: 
2HgCl. + ZnO — Hg2Cls + ZnCl, + '/202 
PdCl, + ZnO — Pd + ZnCl. + 3/02 

The mechanism of these reactions is probably analogous 
to that of silver nitrate. 

Procedure: Two adjacent depressions of a spot 
plate are charged with several milligrams (tip of knife 
blade) of finely powered zine oxide. Three drops of 
0.1 N silver nitrate solution are added to each. One 
suspension is immediately covered with a metal shield. 
When placed in direct sunlight, the insolated specimen 
turns quite black within one minute, while the other 
remains unchanged. 

42. Photochemical Autoxidation of Iodoform. Solid 
iodoform is not decomposed when irradiated. If, 
however, its solution in benzene, ether, carbon di- 
sulfide, etc., is exposed to sunlight, iodine is quickly 
liberated and produces a violet or brown solution. 
The liberation of iodine isthe result of an autoxidation, 
1/, coming from the reaction (1) and ‘/; from reaction 
(3.5 

2CHI; + 50 — 2CO: + H:0 + 31, (1 
2CHI; + 30 — 2CO + H20 + 31; - (2) 


Probably the activated CHI;* molecules produced by 
irradiation decompose into radicals which in turn re- 
act with the oxygen of the air. This view is supported 
by the fact that a solution of iodoform, in which the 
liberation of iodine is started by a brief illumination 
continues to react when placed in the dark. 

Procedure: Two drops of 0.1 per cent solution of 
iodoform in benzene are placed in adjacent depressions 
of a spot plate. One is shielded. When exposed to 
sunlight, the unprotected solution turns brown within 
a few seconds and the color constantly deepens. After 
about one minute, the illuminated solution is dark 
brown, whereas the other has changed scarcely at all. 

43. Activation by Light of the Addition of Bromine 
to Benzene. Benzene, an unsaturated compound, 
takes up free bromine; the removal of each double 





4 PERRET, J. chim. phys., 23, 97 (1926). 
5 Cf. SCHOORL AND VAN DEN BgErG, Pharm. Weekb., 42, 897 
(1905). 


484 


bond of the benzene ring involves one molecule of 
bromine. The formation of hexabrombenzene, CsH¢Bre, 
is favored by light, probably by activation of bro- 
mine molecules, which then dissociate into atoms. It 
should be noted that the analogous formation of chlor- 
benzene from benzene and chlorine has an enormously 
high quantum yield (10°). 

Procedure: A drop of bromine is placed in 5 ml. 
of benzene. Three drops of this solution are placed 
in each of two adjacent depressions of a spot plate. 
One is covered with a metal shield, and the plate is then 
illuminated. After the bromine color of the exposed 
specimen has disappeared, it will be found that the 
shielded solution has retained its original yellow. 

44. Conversion of Sulfur into » Sulfur in the Light.® 
Crystalline sulfur (S A) is quite soluble in carbon di- 
sulfide and other nitrogen-free organic liquids. Amor- 
phous sulfur (S »), in contrast, is not soluble in these 
liquids. It is assumed that the molecule of » sulfur 
consists of longer chains of sulfur atoms than does the 
molecule of \ sulfur. A reversible equilibrium S \ @ 
S pw exists between these modifications. jw sulfur is 
thermally unstable and can be transformed into \ sulfur 
by heating. 

If solutions of \ sulfur in carbon disulfide, carbon 
tetrachloride, or benzene are irradiated, this equi- 
librium is shifted in the direction of the production of 
more y sulfur. Accordingly, the solution becomes 
turbid because of the precipitation of insoluble u sulfur. 
The opposing reaction proceeds in the dark. These 
changes are an instance of photo-equilibrium, and also 
an example of a polymerization brought about by 
light. 

Procedure: Five drops of a saturated carbon tetra- 
chloride solution of sulfur are placed in each of two 
adjacent depressions of a black spot plate. One por- 
tion is covered with a metal plate. After about 10 
minutes’ exposure under an ultraviolet lamp, a tur- 
bidity appears, and increases as the irradiation con- 
tinues. No precipitate is obtained in the shielded 
solution, even after 30 minutes. The carbon tetra- 
chloride lost during the irradiation should be replaced 
from time to time. 

45. Acceleration by Light of a Reaction of Aromatic 
Nitroso Compounds. A water solution of sodium penta- 
cyano ammino ferroate, Na;Fe(CN);NHs, reacts with 
aromatic nitroso compounds: 


Na;Fe(CN)sNH; + RNO — Na3Fe(CN);RNO + NH; 


Consequently, the coordinately bound NH; molecule 
is displaced by a molecule of the nitroso compound.’ 
This exchange reaction is accompanied by a color 
change from bright yellow to violet or green. It can 
be used for the detection of aromatic nitroso com- 
pounds.* The reaction is very light sensitive; the 

® WIGAND, Z. phys. Chemie, 77, 423 (1911). 

7 Baupiscu, Ber., 54, 413 (1921). 

’ FeIc., “Laboratory Manual of Spot Tests’’ (Translated by 
R. E. Oesper), Academic Press, Inc., New York, 1943, p. 176. 
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rate in the dark is immeasurably slow, but in the light 
it proceeds very rapidly. 

Procedure: Mixtures made from three drops of | 
per cent sodium pentacyano ammino ferroate solution 
and one-drop of saturated aqueous or a dilute alcohol 
solution of a-nitroso-8-naphthol solution are placed in 
adjacent depressions of a spot plate. One mixture 
is covered with a metal shield and the spot plate is 
placed in direct sunlight. The exposed specimen rap- 
idly turns green; the color becomes progressively darker 
while the unilluminated mixture remains practically 
unchanged. The gradual change to green is distinctly 
visible even when the mixture is exposed to diffused 
light. 

46. Molecular Rearrangement of o-Nitrobenzalde- 
hyde by Light. When illuminated with ultraviolet 
light, o-nitrobenzaldehyde (I) rearranges to give o- 


nitrosobenzoic acid (IT) 
—CHO\" 
-H—NO, NO 


(II) 


This rearrangement is an instance both of the produc- 
tion of an isomer by light and of an irreversible inner 
molecular redox reaction. The conversion of the al- 
dehyde group (—CHO) into a carboxyl group (—COOH) 
is an oxidation, and the conversion of the NO, group 
into an NO group constitutes a reduction. 

The photochemical transformation occurs with solid 
nitrobenzaldehyde, and also when it is dissolved in 
organic liquids. The quantum yield, in all cases, and 
no matter what the solvent, is exactly 0.5. 

The production of o-nitrosobenzoic acid is detected 
easily by the action of sodium pentacyano ammino 
ferroate on the irradiated product (see experiment 45). 
A violet solution is obtained when the NH; group of 
the reagent is replaced by a molecule of the nitroso 
compound. Since the conversion of the nitro com- 
pound into the nitroso compound and the reaction of 
the latter with the reagent are both photoreactions, this 
experiment presents the interesting case of the com- 
bination of two photoreactions. 

Procedure: Three drops of 0.5 per cent solution of 
o-nitrobenzaldehyde in alcohol are placed in each of 
two nonadjacent depressions of a white spot plate. 
A drop of 1 per cent water solution of sodium penta- 
cyano ammino ferroate is added to each. One mixture 
is covered with a metal plate. The exposed mixture, 
which is yellow because of the reagent, quickly turns 
violet under the ultraviolet lamp. The protected 
solution retains its original color, even after five minutes 
irradiation. 

47. Cataiyzed Reactions Brought About by Photolysis 
of Ferric Oxalate. Ferric oxalate, as shown in (1), de- 
composes into ferrous oxalate and CO, on exposure to 
light. If this photolysis [equations (1) and (2) ] proceeds 
in the presence of a compound M, that can be reduced 

(Continued on page 506) 


9 CIAMICIAN AND SILVER, Ber.,34, 2040 (1901). 
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HE electronic theory of acids and bases (J, 2, 3, 4) 
can be of great value in understanding reaction 
mechanisms in organic chemistry. We propose to 
demonstrate this by applying the theory systematically 
to several classes of organic compounds. As far as 
possible specific illustrations will be taken from the most 
recent literature. One interesting example is afforded 
by the catalytic condensation of aldehydes. 
Carbonyl compounds are amphoteric as shown by the 
following scheme: 


= 0: 
R—C = R—C™) 


| | ™, | 
H H H 
\ 


Ney 


(-):Q: AICI -O:! 
R—CO) R—C:NH 


P * HG 


AICI; 








The aldehyde acts as a base in donating a share in an 
eectron-pair to an,acid like AlCl;, or it behaves like an 
acid in accepting a share in an electron-pair from a base 
like NH3; therefore, aldehyde reactions can be cata- 
lyzed by acids or bases. Numerous investigators 
(5, 6, 7, 8, 9, 10) have obtained results which can be 
better understood when both the amphoteric nature of 
the aldehydes and the acidic, basic, or amphoteric be- 
havior of their catalysts is recognized in the light of the 
Lewis concept of acids and bases. 

The alkoxides, for example, may be amphoteric, 
highly acidic, or highly basic. Alkali metal alkoxides 
such as sodium ethylate are basic in reactions because 
of the ethoxide ion (:6:C,H;~!). Aluminum alkoxide, 
AKOR)3, would be primarily acidic in behavior because 
of the strong tendency of the electrophilic (7. e., acidic) 
aluminum atom to accept a share in a pair of electrons 
irom an electrodotic compound (7. e., a base). Toward 
another stronger acid, however, aluminum alkoxide 
would react as a base as does aluminum hydroxide. A 
survey of recent literature shows several very interest- 
ing investigations in this field of catalytic condensations 
of aldehydes in which acidic, basic, and amphoteric 
catalysts are used. Kulpinski and Nord (J0) have 
reported the use of an alkoxide (‘‘complex’’), 
Mg[Al(OR),]2 which, according to their experimental 
tesults, must behave amphoterically. 

With these facts clarified by the application of the 
electronic theory of acids and bases, a much better 


P'nderstanding of aldehyde reactions is possible. 


Generalized Acids and Bases 


in Organic Chemistry 


Catalytic Condensation of Aldehydes 


SAVERIO ZUFFANTI and W. F. LUDER 


Northeastern University, Boston, Massachusetts 


BASIC CATALYSIS 
Aldehydes having a —-CHy— group in the alpha 
position (such as propanal) will behave as acids in the 
presence of a strongly basic catalyst such as OH 
or OC2H;~! ions (11, 12). Thus NaOC2H; would react 
with an aldehyde as follows: 


H O a H ? | ' 

moc + Eo = | R—C—C + HOCH 
nm oh | 1 
acid) (base) (base) 


The actual mechanism that results in this proton re- 
moval by the basic catalyst is not particularly impor- 
tant. It may be a coordination of the base with the 
proton followed by an ionization step, or a coordination 
of the basic catalyst with the carbonyl-carbon followed 
by an a,y-shift. In either mechanism the catalytic 
effect is due to the increase in concentration of the 
carbanion that results from this first step (4). 
This type of reaction leads to an aldolization: 


—j = 


7) yy (0:H 
R’—CH:-—C +} :C—C = | R’—CH;—C: C—C 2 
\ | \ | = 
H R H H R H 
(acid) (base (base ‘“ 


or, if a molecule of water is subsequently eliminated on 
acidification, crotonization will result: 


H 
Cc —j . 
| O: H | OH Y 
R’—CH.—C : C—C + Ht! = R—CH.—C—C—Eé 
*\ 
H R | H R H 
base) “(acid 
() 
—H:,0O 
— CH,—CH=C—C 3 
> 
R H 


Aldehydes that have available only one hydrogen in 
the alpha position, such as the a-alkyl aldehydes 
(~-CHR--CHO), are less acidic (J3) than those con- 
taining a --CH»— group in the alpha position. This is 
due to the electron-release effect of the alkyl group 
which displaces the C-—-H electron-pair nearer to the 
proton and makes the proton removal by the basic 
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catalyst more difficult. Aldolization of such aldehydes 
would, therefore, require strongly basic catalysts. 

When no alpha-hydrogens are available in the alde- 
hydes (such as benzaldehyde) a strong base may 
catalyze the reaction by coordinating with the carbonyl- 
carbon: 


| 





. ; 0: 
C — | u| —_ Co S-6:0:H (4) 
H - H- 

(acid) (base) (base) 


This leads to a.Cannizzaro type of reaction (J4). The 
effect of the coordinated OH™ group is to displace the 
+ _ 


C—-H electron-pair nearer to the hydrogen C-—-H so 
that a hydride ion may be split off by another aldehyde 
group acting acidically : 





05 6: 
’ >< + |@a YS-<:0:H 
Sa | eemaeal i o- 
H 
(acid) (base) 
1 oe 
-O: :O 
Sef eee Sa S-6:6:H (5) 
= NL . + a ae 


H 


Benzyl alcohol and sodium benzoate are formed in the 
presence of NaOH. This has often been referred to as 
an oxidation-reduction reaction but experimental evi- 
dence has shown that oxidizing agents have no catalytic 
effect (15). This would support the conclusion that 
the reaction is of the generalized acid-base type. 


ACID CATALYSIS 


Aldehydes may also act as bases toward sufficiently 
strong acids such as AICI; and SO3. As this behavior 
involves only the basic characteristics of the carbonyl 
group itself it makes little difference whether we have 
one, two, or no a-hydrogen atoms in the aldehyde. An 
ester is the result in any case (16). The first step is a 
typical acid-base neutralization reaction with the 
formation of a coordinate bond: 


pole :Cl: :Cl: 

ee oe os (4+) +2 oe oe 

R ‘ + Aj: Cl: R—C:O:AlI:Cl: (6) 
H :Cl: H :Cl: 

(base (acid) (acid) 


The acidic (electrophilic) aluminum atom makes the 
carbonyl-carbon so positive that it can remove a hy- 
dride ion from another aldehyde molecule: 
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O 
(+) Vi 
R—C—O— AICI + R’—C 
| ~~ 
H H 


(acid) (base) 


ie 
= ey — AICI; 


H 
(base) 


Thus a simple ester is formed: 


oy [ H “1 
| 
| wt - sles dies — AIC 
Ls 


(+) 


(base) 


(acid) 


o 4 
Il 
== Je itll ies + AICI; (8) 
H 


ALKOXIDE CATALYSTS 


Kulpinski and Nord (10) report some interesting 
work on the use of alkoxides in the condensation of 
aldehydes to simple esters and to glycol esters. Their 
experimental results can readily be explained on the 
basis of the electronic theory of acids and bases in the 
light of the above discussion. 

It is apparent from this discussion that alkali metal 
alkoxides, such as NaOC2H;, which furnish a high con- 
centration of OC2H;~' ions, will behave as strongly basic 
(electrodotic) catalysts. Their use with aldehydes 
would produce an aldolization or crotonization if ac- 
tive a-hydrogens are available. Therefore, the exper- 
mental observation of Kulpinski and Nord that alpha 
—CH,— and —-CHR— aldehydes behave similarly 
toward alkali metal alkoxides is to be expected since 
these strongly basic catalysts will cause both types of 
aldehydes to behave as acids to produce similar types 0! 
compounds. 

Alkoxides such as Al(OR)3; will behave as fairly 
strong acid catalysts, due to the tendency of the 
aluminum atom in these compounds to accept a share 
in a pair of electrons. In view of this fact it is to be ex: 
pected that aluminum alkoxides will cause the ampho- 
teric aldehydes to behave as bases so that a simple ester 
results, as previously described under the section on 
acidic catalysis. This has been found to be the case 
(10). 

Kulpinski and Nord also describe the use of ‘‘com- 
plex” alkoxide catalysts for the condensation of alde- 
hydes to glycol esters. These catalysts a e of the type 
Mg[Al(OR)4]2 a substance which, evidently, consists o/ 
Mg?*? ions and Al(OR),~! ions. This catalyst produces 
largely glycol esters with aldehydes having —CH»— i 
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the alpha position, but forms mainly simple esters with 
the aldehydes having —-CHR— in the alpha position. 
Although these reactions may seem puzzling, at first, 
they are readily understood when the amphoteric 
nature of the aldehydes and the catalysts is taken into 
consideration, from the viewpoint of the electronic 
theory of acids and bases. 

These ‘‘complex’’ catalysts can react in a weakly 
acidic (Mg**) manner or in a weakly basic [Al(OR),~"] 
manner. The relative acidity or basicity of the alde- 
hyde involved will determine whether the catalyst will 
behave as an acid or as a base. 

The aldehydes having —-CH:— in the alpha position 
are more acidic than the aldehydes having —CHR— 
in the alpha position. Apparently the former behave 
acidically toward the Al(OR),~! part of the catalyst 
because aldolization is the result: 


Oo 
VA 
Rk CH.—C + [AIl(OR),]7! 
ON 
H 
(acid) (base) 
oO =% 
,) 
— R—CH—C + HAI(OR), (9) 
ee SA 
H 
(base) (acid) 
~ OT! 
Vi Va 
R’—-CH.—C + R—CH—C 
. tw 
H H 
(acid) . (base) 
7 a 1 
= | R’—CH.—C—CH—C (10) 
me \ 
HB R H 


The aldol-type compounds formed in such reactions 
are really aldehydes having —-CHR— groups in the 
alpha position (except in the case of acetaldehyde).' 
These aldehydes are more basic than the aldehydes 
containing a —-CH,— group in the alpha position, 
and therefore the acidic Mg*? ion rather than the basic 
Al(OR),~! might be expected to acid-catalyze the reac- 
tion in the typical way to produce an ester (glycol 
ester) : 


OH se OH O—A 
| VA | | 
R’—CH.—C—CH—C + A = R’—CH:,—C—CH ~C (+) 
| 
H R H H R H (il) 
(base) (acid) (acid) 


‘ KULPINSKI AND Norp report a very low yield of glycol ester 
with acetaldehyde. This is probably due to the fact that no 
alpha-alkyl aldehyde is produced here and, therefore, practically 
no acidic catalysis follows the aldolization to produce an ester. 


* 
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OH O—A O 
| | Va 
R’--CH.—C—CH—C(+) + R*—C 
~ 
H R H H 
(acid) (base) 
OH H O 
Lo! 
= R’—CH, 7 T + Yiea —R”+A_ (12) 
H H 


Whether the catalyst is Mgt? is questionable in 
view of the presence of HAI(OR),, another and prob- 
ably stronger acid (17) formed during the first step, but 
in either case the production of the ester is obviously 
the result of acid-catalysis (4). The removal of hydride 
ion in the second step is probably facilitated by the 
basic catalytic effect that the ‘“‘complex’’ catalyst has 
on this a —-CH2— aldehyde (see equations 4 and 5). 

The esters thus produced are glycol esters and .in- 
volve a reaction of the aldehyde in two stages, the first 
of which is base-catalyzed (aldolization) and the 
second is acid-catalyzed (ester formation). These 
glycol esters will be formed with an amphoteric catalyst 
or a complex catalyst such as the ‘‘complex”’ alkoxides. 


SUMMARY 


An understanding of the electronic theory of acids 
and bases is of great assistance in the interpretation of 
catalytic condensations of aldehydes. The reactions 
are easily explained when the acid-base characteristics 
of both the aldehydes and the catalysts are under- 
stood. 

Strongly basic alkoxide catalysts result in aldoliza- 
tion (and crotonization) only; while acidic alkoxides 
will produce simple esters only. Amphoteric or ‘‘com- 
plex’’ alkoxides, however, may combine both reactions 
and produce a glycol ester. 
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Detection of War Gases 


PAUL F. FENTON 


University of Vermont, Burlington, Vermont 


N TWO previous papers’: * methods for the field de- 

tection of some war gases were described. The proce- 
dure involved adsorbing the gas on silica gel contained 
in a glass tube and carrying out one or more chemical 
reactions in the tube to develop a distinct and char- 
acteristic color. While these methods were reasonably 
sensitive, reliable, and simple of execution, one serious 
technical difficulty remained: a new tube had to be 
used for each test carried out. This becomes a serious 
problem under field conditions where the nature of the 
gas is unknown. It means that the individual carrying 
out the test must take a sample of the gas from the 
scene of the incident and go to one side to perform the 
test. If the test results are negative, he must return 
and obtain additional samples and perform additional 
tests until identification is complete. Since mixtures are 
likely to be encountered, the analyst must probably 
execute almost every test for which he is equipped. As 
an alternative to this time-consuming procedure, he 
could obtain all necessary samples at one time. How- 
ever, since it is likely that he would be wearing pro- 
tective clothing, this process is not simple. To solve 
this problem -the following procedure has been devised 
and tested. It employs in principle the same chemical 
reactions described in the earlier papers.'» 7 Contami- 
nated air is aspirated through a silica gel tube. The gel is 
then poured into one of the depressions of a spot plate 
and thoroughly mixed. With a narrow-tipped spatula 
small portions of gel are transferred to other depres- 
sions and tests for specific gases carried out on the 
several portions. It is advisable to aspirate more air for 
this procedure than if only a single test is run directly on 
the silica gel within the tube. The following specific 
tests have been used successfully in this laboratory: 

1. Adamsite: Transfer the distal cotton plug from 
the silica gel tube to the spot plate. Add several drops 
of alcohol and agitate with a stirring rod or other suit- 
able device. Then add a drop of N/10 potassium di- 
chromate acidified with sulfuric-acid. A greenish blue 
color develops. Jacobs* has pointed out that the de- 
tection of Adamsite can be based upon the presence of 
diphenylamine as contaminant. The above test has 
been tried only on diphenylamine since no Adamsite 
could be obtained for use. 

2. Chlorine: To a small portion of silica gel add a 
fraction of a drop of potassium bromide-fluorescein 


! FENTON, ‘‘Vapor detector tubes and detector kit for some 
chemical agents used in gas warfare,”’ J. CHEM. Epuc., 20, 564-5 
(1943). 

2? FENTON, ‘Detection of war gases. 
chloropicrin,” ibid., 21, 92 (1944). 

3 Jacoss, ‘‘War Gases,’’ Interscience Publishers, 
York, 1942, p. 129 
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reagent. If chlorine is adsorbed on the silica gel a red 
color develops. This test should be done before all 
others since the chlorine seems to be lost rapidly after 
the silica gel has been removed from the tube. The 
reagent is prepared by dissolving 0.2 g. fluorescein, 30 g. 
potassium bromide, 2 g. potassium hydroxide, and 2 g. 
sodium carbonate in 100 ml. of water. 

3. Lewisite: On the spot plate mix one drop of 
Ilosvay reagent with two drops of 20 per cent potas- 
sium hydroxide and moisten a portion of silica gel with a 
fraction of a drop of this alkalinized Ilosvay reagent. 
If Lewisite was adsorbed on the gel, the characteristic 
purple will be obtained in spots since the gas is not 
equally adsorbed on each of the gel granules. It has 
been a source of some irritation that the Ilosvay reagent 
is so unstable. To overcome this difficulty the com- 
ponents of the reagent were dissolved individually: 
3 g. copper sulfate, 3 g. ammonium chloride, 5 g. hy- 
droxylamine hydrochloride, and 4 ml. of concentrated 
ammonium hydroxide, each in 25 ml. of water. At the 
time of the test one drop of each of these solutions is 
mixed to make the reagent, of which one drop is added 
to two drops of the alkali for the test. 

4. Chlorpicrin: As has been pointed out’: * two tests 
are available for this gas. If to a small portion of silica 
gel (with chlorpicrin adsorbed) a fraction of a drop of 
dimethylaniline is added, an orange color develops. 
The second test depends on the presence of the nitro 
group in the gas. Toa portion of silica gel add 5 drops of 
sodium alcoholate and touch a burning match to it. 
The burning of the alcohol supplies the heat necessary 
to bring about the decomposition of the chlorpicrin and 
the formation of sodium nitrite. The latter is identi- 
fied by adding several drops of sulfanilamide reagent 
which produces a purple color. The sodium alcoholate 
is prepared by reacting 8 per cent sodium amalgam with 
alcohol. The sulfanilamide reagent is prepared by dis- 
solving 0.2 g. sulfanilamide and 0.2 g. N-(1-naphthyl)- 
ethylenediamine dihydrochloride in 20 ml. of concen- 
trated hydrochloric acid. 

5. Phosgene: To another portion of the silica gel add 
a drop of diphenylamine (10 per cent solution in alco- 
hol) and a drop of dimethylaminobenzaldehyde (Pfan- 
stiehl, 10 per cent solution in alcohol). If phosgene 
was adsorbed, a yellow color develops. Other sub- 
stances such as hydrochloric acid will also give the re- 
action. 

6. Hydrogen cyanide: To a portion of the silica gel 
add several granules of ferrous sulfate and two drops of 
20 per cent potassium hydroxide. Stir thoroughly to 


dissolve some of the ferrous sulfate. Add two drops of 
alcohol and ignite. 
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Then add two drops of ferric 
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chloride in hydrochloric acid (equal parts of 5 per cent 
ferric chloride and concentrated hydrochloric acid). 
Prussian blue is formed if hydrogen cyanide was ad- 
sorbed on the silica gel. 

7. Mustard: To a portion of silica gel add a few 
granules of the DB-3 silica gel issued by the Office of 
Civilian Defense-to refill the detector tubes of the M-4 
kit. Add a drop of alcohol, ignite, and then make alka- 
line with a drop of 20 per cent potassium hydroxide. 
If mustard is present, some of the granules become blue. 

When this series of tests has been completed, it might 
be well to take one more sample of the gas in a silica gel 
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tube and carry out the specific test directly in the tube 
by the methods described previously.':* To this group 
of tests one more can be added, a test for chlorine. 
Simply introduce a drop of potassium bromide-fluores- 
cein reagent into the silica gel tube thought to contain 
chlorine. <A bright red color develops. This test has 
been described above as adapted to the spot plate 
technique. 

Whether the DB-3 silica gel can be used to replace the 
ordinary gel used in the spot plate technique remains to 
be tried by someone with an adequate supply of the 
DB-3 gel. 


Identification of Gas Wartare Agents 


ARNOLD M. ZAIS' 


Brown University, Providence, Rhode Island 


LTHOUGH much progress has been made in de- 
veloping differentiating chemical tests for the more 
common gas warfare agents, few attempts have been 
made to systematize them into a coordinated scheme 
which can be used for the rapid identification of gas 
agents, particularly for field work. In an effort to in- 
troduce some classification the following method of 
separation of the common gas agents is stiggested. 
The scheme presented here is based upon the plan of 
separation used with the M-4 kit and the various modi- 
fications of it that have been developed in the past year. 
These chemical tests were particularly chosen because 
of their distinctive color effects and also because of 
their adaptability to field work, where speed of reac- 
tion and ability to react in low concentrations of gas 
agent are of prime importance. 
The various separation and confirmatory tests used 
in this scheme of analysis are not new and are described 
elsewhere in the literature.?, Furthermore, this qualita- 
tive plan for identification cannot readily be applied to 
mixtures of gas warfare agents, since in many cases only 
one of the agents present will be identified while those 
that give negative tests will remain undiscovered. 
Some of the confirmatory tests, namely, those for 
bromobenzylcyanide, chloracetophenone, Lewisite, and 
phosgene, are not readily adapted to confirmation tests 
in the field and are best run on a laboratory scale. 
Laboratory tests for these agents can be found else- 
where.’ 
Three types of tubes are used in this method of identi- 
fication: 
|. DB-3 tube is a standard M-4kit tube containing silica gel 
impregnated with DB-3 and held in place with flannel or 
cotton pads. 

2. ‘ta’? tube is a plain silica gel tube with the gel held in place 
by cotton or flannel pads. 


' Present address: Massachusetts Institute of Technology, 
Cambridge, Massachusetts. 

2 CLAFLIN AND HICKEY, ‘‘Chemical identification of war gases,”’ 
J. Cue. Epuc., 20, 351 (1948). 


3. “phenol red’ tube is a tube containing silica gel impreg- 
nated with phenol red and held in place by cotton or 
flannel pads. 


DESCRIPTION OF TESTS 


Test No. 1. A sample of the suspected gas agent is 
aspirated through a DB-3 tube. The tube is then heated 
with a match and allowed to cool. Upon the addition of 
a few drops of 10 per cent NaOH solution, added by 
means of a fine-pointed medicine dropper, a blue colora- 
tion appears at one end of the tube if HN, H, or BBC is 
present. In the case of HN or H the blue color will ap- 
pear immediately, while with BBC the color may de- 
velop slowly, but will appear within one minute. Other 
gas agents may cause a yellow or faint violet coloration, 
but anything except blue is considered a negative test 
and indicates the absence of HN, H, and BBC. 

Test No. 2. If test No. 1 is positive, apply Test No. 
2. Aspirate the gas through a DB-3 tube and add a few 
drops of 10 per cent NaOH solution directly—do not 
heat. If BBC is present a blue color will appear at one 
end of the tube; if HN or H is present no coloration will 
be noticeable. 

Test No.3. Ifa negative test for BBC was obtained, 
apply Test No. 3, which separates HN and H. Aspirate 
the gas agent through a ‘‘phenol red’”’ tube, and if HN 
is present the color of the impregnated gel will turn 
orange and then orange-red. No change indicates H, 
and confirmation for H should be made as directed be- 
low. 

Test No. 4. If a negative Test No. 1 was obtained, 
aspirate the gas through a DB-3 tube and add a few 
drops of a NaOH-NaSQ; solution. The presence of PS 
will be indicated by a distinct red-brown coloration 
throughout the tube. Any of the remaining agents, 
namely, L, CG, Cl, CN, or DM, will cause no marked 
change in the color of the gel. Apply confirmatory tests. 

Test No. 5. This test separates L by the formation, 
in an alkaline solution, of cuprous acetylide, which is 


490 

reddish brown. The gas is aspirated through an ‘“‘a”’ 
tube and an alkaline cuprous solution (Sloat’s reagent) 
(2) is added. The immediate formation of a red-brown 
precipitate indicates L. The only interfering agent 
would be acetylene in the surrounding atmosphere. 

Test No. 6. To separate solid‘ DM from Cl, CG, 
CN, expose dry Harrison test paper to the suspected 
gas agent for about 30 seconds. Cl and CN will give a 
yellow coloration to the paper, while CG will cause an 
orange to orange-brown color, and DM will produce no 
change. In some cases the distinction between the 
yellow and the orange may not be too striking, although 
any difference may indicate which agent is present. 
DM may be confirmed as described below. 

Test No. 7. In order to separate Cl from CG and 
CN, expose a strip of filter paper freshly moistened with 
aniline hydrochloride. The presence of Cl is indicated 
by several color transitions on the exposed paper. 
Within a few minutes a red, then a blue, and then a 
blue-green color appear. Strong oxidizing agents inter- 
fere with this test. 

Test No. 8. Expose a strip of filter paper freshly 
moistened in a mixture of equal parts of a 1,2,4-nitroso- 
diethyl-amino-phenol solution and an m-diethyl-amino- 
phenol solution. A distinct green color is produced by 
CG, while CN gives no change in color. 


CONFIRMAILUORY TESTS 


Confirm H. Expose a strip of filter paper freshly 
moistened with a starch-sodium iodoplatinate solution. 
The presence of H is indicated by the blue coloration on 
the exposed paper. Since the color transition is from a 
red-violet to blue, a blank should be run. Strong re- 
ducing agents interfere. Arsenicals such as L will 
bleach the paper to a pale blue. 


SCHEME FOR RAPID IDENTIFICAT 
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Confirm PS. Expose a strip of filter paper freshly 
moistened with dimethyl aniline. The presence of PS 
is confirmed by the appearance of an orange coloration 
on the exposed paper. On standing in the air, the color 
slowly fades. 

PS may also be confirmed by a second test. The gas 
is aspirated through an “‘a”’ tube and, after the addition 
of a few drops of sodium ethylate, the tube is heated 
with a match. Upon the addition of sulfanilamide 
reagent 1, a bright red-violet color is produced. 

Confirm L. Aspirate the suspected L through an 
“a” tube, and, after the addition of a few drops of 10 
per cent NaOH solution, heat the tube with a match. 
Upon the addition of a SnCl,-HCI solution, a black- 
brown precipitate will appear in the tube. This test 
may be further substantiated by standard laboratory 
tests for arsenic. 

Confirm Cl. Expose moistened KI-starch paper to 
the suspected gas. Formation of a deep blue color indi- 
cates Cl, although strong oxidizing agents interfere. 
Cl may also be confirmed by standard KBr-fluorescein 
test paper, which turns red on exposure. 

Confirm DM. Collect a few particles of the solid ma- 
terial and add concentrated H2SO, to them on a watch 

glass or spot plate. If DM is present a red color will 
develop. The addition of a few drops of a 5 per cent 
KNO; solution gives a blue-green color, and confirms 
DM. 


REFERENCES 


(1) Fenton, “Vapor detector tubes and detector kits for some 
chemical agents used in gas warfare,’”’ J. CHEM. Epuc 
20, 564-5 (1943). 

(2) ‘‘Identification of chemical warfare agents,’”” OCD Pamphlet 
2219, October, 1943. 
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Gas Law Demonstration Apparatus 


F. C. HICKEY, O.P. 


Providence College, Providence, Rhode Island 


HE fact that practically all textbooks in general 

chemistry begin their discussion of the gas laws 
with a drawing of a cylinder fitted with a frictionless 
piston to which weights may be applied to vary the 
pressure, indicates that such an apparatus is, in the 
minds of the authors, the simplest type for demonstra- 
tion, yet the standard laboratory apparatus makes use 
of hydrostatic pressure applied through a column of 
mercury of variable height. While this type of ap- 
paratus gives very satisfactory results from a quan- 
titative viewpoint, it is not well adapted to large group 
demonstration. The application of pressure by a 
column of mercury draws the attention of the student 
away from the gas and focuses it on the mercury. 
While the student is attempting to understand the 
mechanism which applies the pressure he is likely to 
miss the point of the demonstration. 

A simple apparatus built around a 100-ml. hypoder- 
mic syringe approaches the clarity of the textbook il- 
lustration. The fact that the cylinder is transparent 
helps to direct the student’s attention to’the gas while 
the application of pressure through simple weights 
resting on the piston leaves his mind free to consider 
just what is happening to the gas. 

Apparatus: The syringe had a bore of 1.453 inches, 
was made of resistant glass, and was provided with 
ametal stopcock firmly attached to the delivery end. 
It was mounted in a stand which allowed clear vision 
of the cylinder and made the application of weights to 
the piston convenient. 

A piece of 3-inch hard copper tubing about 30 inches 
long was cut out as indicated in the figure, the cut-out 
being large enough to allow the largest weight to be 
slipped into the tube above the syringe plunger. At 
the top of the tube a pulley was mounted, its shaft 
passing through holes drilled in the wall of the large 
tube where it was brazed in position. The pulley was 
so mounted that the cable running over it on one side 
followed the axis of the tube and, on the other, cleared 
the back of the tube. A slit was cut in the back of the 
tube to accommodate that side of the pulley. Three 
legs made of 5/s-inch round steel were bent as indicated 
in the figure. They were of such length that the 
bottom of the copper tube was elevated 13 inches. 
This permitted the water jacket to be attached and re- 
moved without lifting the apparatus. The legs were 
ground flat where they made contact with the copper 
tube and were brazed in position. 

A -ring was cut from '/2-inch plywood, its outer 
diameter equal to the inner diameter of the copper tube 
and its inner diameter large enough to accommodate 
the syringe. The ring was held in the bottom of the 
tube by three wood screws. 
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The syringe was inserted through the hole in the 
plywood ring and allowed to rest on the lips at the 
upper end of the barrel. A water jacket was made 
from 2'/.-inch pyrex tubing shaped as shown in the 
diagram and provided. with side arms as shown. A 
rubber stopper was fitted around the upper end of the 
barrel, below the supporting ring. The water jacket 
was fitted over the rubber stopper and supported by a 
condenser clamp attached to the rear leg of the tripod. 
The piston of the syringe was lubricated with mineral 
oil. Glycerin was found to cause trouble through the 
absorption of water. 

The cable for lowering the weights onto the piston 
was made from */,.-inch flexible wire rope. One end 
was spliced to a steel hook while the other was fitted 
with a brass handle. 

The weights were made by filling a length of 2-inch 
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copper tubing with molten lead and then cutting off 
the calculated lengths. The lead in the upper portion 
was then remelted to permit the insertion of eyebolts 
(with nuts attached) and final adjusti ent of the weight 
to proper value. The sizes corresponding to the various 
weights are given in Table 1. 


DEMONSTRATION 


Boyle's Law: Following an explanation of the dif- 
ference between force and pressure, the increase in 
pressure in pounds per square inch caused by each 
weight was calculated at the blackboard by dividing the 
known weight by the area of the piston. To these 
pressures were added 15 pounds per square inch (at- 
mospheric pressure plus the constant pressure resulting 
from the weight of the plunger). The volume within 
the cylinder was adjusted to 100 ml. The weights 
were then carefully lowered to the piston top by means 
of the cable and pulley. The volume corresponding 
to each weight was added to the table at the black- 
board. The product of the pressure and the volume 
was computed. Actual results along with the ap- 
proximate length of the weights are given in Table 1. 


TABLE 1 
; PV 
Length Weight py a 4 Vol. (Pounds 
No. (In.) (Lbs.) A P=Po+Pyu (ML) x ML.) 
0 0 15 100 1500 
l 21/4 3.04 1.82 16.82 90 1514 
2 46/5 6.44 3.86 18.86 80 1509 
3 73/4 10.81 6.47 21.47 70 1503 
4 111/¢2 16.06 9.62 24.62 60 1477 
5 183/¢0 25.63 15.35 30.35 50 1518 
Po = pressure in Ibs./sq. in. with no weights on piston. 
Pw = pressure in lbs./sq. in. due to applied weight 
P = total pressure on gas. 
Charles’ Law: With Number 3 weight on the 


JouRNAL OF CHEMICAL EDUCATION 


piston, the volume was adjusted to approximately 
70 ml. (room temperature). The water jacket was 
then placed over the syringe. The rubber tubing from 
the upper side arm was led to the drain while that 
from the lower side arm was connected to a 2-liter 
reservoir of ice water. A pinch clamp on the latter 
was used to control the flow of ice water. The res- 
ervoir of ice water was elevated above the level of the 
water jacket. By opening the pinch clamp the water 
jacket was filled with ice water and sufficient water was 
allowed to pass through the apparatus to assure the 
attainment of a temperature close to0°C. The volume 
of gas within the syringe was then noted. By removing 
the rubber tubing from the ice water reservoir and lead- 
ing it to the drain, while the tube from the upper side 
arm was connected to a steam generator, the water 
jacket was filled with steam and the temperature of the 
gas raised to approximately 100°C. It is well to remove 
the weight during temperature changes to minimize 
leakage. While temperature equilibrium was being 
established the volume at 100°C. was calculated at 
the blackboard. The actual volume was then ob- 
served. 

If necessary, satisfactory results can be obtained 
by using hot and cold water from service taps. In this 
case the temperature can be read by allowing the 
water, after it has passed through the water jacket, to 
drain into a beaker placed in the sink. The thermom- 
eter can be placed in the beaker to determine the hot 
and cold temperatures. Actual results of the two pro- 
cedures are given in Table 2. 


TABLE 2 
-—T (°C.)— V1 Ve V: 
1 2 (Cal.) (Obs 
1. Ice Water——Steam 0 100 62 85 83 
2. Hot Water—Cold Water 16 41 60 65 64 


EFFICIENCY OF FRACTIONAL DISTILLATION COLUMNS (Continued from page 476) 


index of refraction of mixtures of m-heptane and methyl 
cyclohexane vs. theoretical plates (Figure 2), from 
which one can obtain the efficiency of a column directly 
from the index of refraction data which have been col- 
lected in Table 1. The indexes of refraction of each 
pair of samples taken simultaneously from the still 
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head and still pot are located on the curve in Figure 2. 
Horizontal lines from these two points on the curve to 
the ordinate give the number of theoretical plates cor- 
responding to each index of refraction. The difference 
between these two values, minus one theoretical plate 
for the still pot, gives the efficiency of the column. 


TAKE YOUR PICK 


‘Historical experience has shown that the destruction and elimination of a foreign 
nationality is not in the least against the laws of life, provided that destruction and 
elimination are completed.’’—Werner Best, Nazi historian 


**We hold these truths to be self-evident, that all men are created equal, that they 
are endowed by their Creator with certain unalienable Rights, that among these are 
Life, Liberty, and the pursuit of Happiness.’’—The Declaration of Independence 
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A Comparison 
of the Semimicro and Macro Methods 
| in the Teaching 
of Elementary Qualitative Analysis 


KENNETH L. WATERS' 


University of Georgia, Athens, Georgia 


INCE Engelder and Schiller (1) described their 
> success using the small-scale technique in the 
teaching of elementary qualitative analysis, there has 
been rather wide acceptance of the semimicro method 
of laboratory instruction. Some excellent endorse- 
ments of the newer technique have appeared in TuIs 
JourNAL. Degering (3) gives a sevenfold count of 
advantages of the semimicro procedure over the macro 
procedure. He stresses the point that the semimicro 
technique will give the student an invaluable training 
in accuracy that will be of inestimable value regardless 
of the vocation which the student may choose. Dalton 
(2), in a detailed study of results of selected students 
using both schemes, reached the conclusion that the 
semimicro technique was as effective in instruction 
as the macro technique. Smith (4) has shown that the 
results of student analyses compare favorably by both 
procedures. Some writers (5, 7), have stressed econ- 
omy as well as other advantages of the semimicro pro- 
cedure. Regardless of these recommendations, some 
teachers are still dubious of the semimicro procedure, 
fearing that accuracy has been sacrificed for speed and 
convenience. 

It was thought that it would be interesting to make a 
comparison of classes of students using the two tech- 
niques. Dalton (2), in his comparison of the two tech- 
niques, used a few selected students and Smith (4) used 
different texts. It was the purpose of this comparison 
to find out in an unbiased manner just what analytical 
results would be obtained by ‘“‘run-of-the-mill’’ stu- 
dents using two procedures which were as nearly 
identical as practicable. The essential difference was 
a reduction in volume of reagents employed and the 
substitution of a centrifuge for filtration. Classes 
used for the comparison were regularly enrolled stu- 
dents who had completed two quarters of general chem- 
istry. Students were not subdivided according to pre- 
vious grades or aptitude tests. The macro procedure 
used was that of Scott (8) which had been used in the 
department for a number of years. The semimicro 
procedure was adapted from the macro procedure and 
made to conform as nearly as practicable to it. The 
procedure was given a preliminary trial by an experi- 
mental class before being used by the classes reported 
in the comparison. First reports of all students were 
counted. Second reports or repeatS were not counted 
in the tabulation. Unknowns were counted as correct 


' Present address: Mellon Institute, Pittsburgh, Pennsylvania. 


if all ions present were reported and no additional ions 
were reported. In the summary of students’ reports 
on the cations, the per cent correct report is based on 
the number of times detected when present. The 
number of times reported when not present is tabulated 
separately. Tables | and 2 give a summary of the re- 
ports of all students who started the classes. 


TABLE 1 


SUMMARY OF STUDENT REPORTS ON UNKNOWNS 


Method Total Number Unknowns Per Cent Reported Correctly 
Semimicro 577 83.2 
Macro 434 76.5 


It is not claimed that the results of the classes re- 
ported in these tables are typical of the results which 
would be obtained with any scheme of analysis. When 
compared with the class results reported by Smith (4), 
in his comparison of semimicro and macro procedures, 
and with the results of Gilbertson (6), who has made 
an extensive study of student results in macro qualita- 
tive analysis, it appears that schemes of analysis vary 
in the ease with which the different ions are detected. 
Although Smith (4) and Gilbertson (6) have indicated 
that it is not uncommon for students to report positive 
tests for ions when absent, it is thought that the num- 
ber of excess ions reported by the students of these 
classes is unusually large. This zealousness of the 
students to report ions not actually present may be 
due in part to the policy of refusing to assist the stu- 
dents to make up their minds in doubtful cases. It 
was noted in most repeats that the students withdrew 
the questionable ions in their second report. In the 
macro procedure there was a greater tendency for the 
students to become confused on a test and make a posi- 
tive report. Critical examination of the tabulation 
will lead one to assume that the schemes of analysis are 
at fault in the case of some of the ions reported incor- 
rectly. This is undoubtedly a correct assumption; 
however, it is not the purpose of this paper to point 
out the merits of any particular scheme, but to com- 
pare the semimicro and the macro techniques. It 
might be mentioned at this point that such a tabulation 
has brought out certain “‘bad spots” in the schemes 
which were in need of correction. Some of these have 
been mudified to give better results. 


CONCLUSIONS 


The results of the unknowns indicate that students 
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TABLE 2 


SuMMARY OF STUDENT REPORTS ON THE CATIONS 


Semiome: 








Macro— 


Number Per Cent Number Times Number Per Cent Number Times 
Times Correct Reported When Times Correct Reported When 
lon Present Reports Absent Present Reports Absent 

Pb dy 98 7 90 100 4 
Ag 30 100 0 67 97 2 
Hg* 27 96 0 62 97 1 
Bi 39 90 5 56 98 6 
Cu 62 98 0 75 92 1 
Cd 46 89 2 66 91 3 
Hg** 35 80 7 57 90 10 
As 45 84 5 58 91 11 
Sb 23 87 10 40 88 6 
Sn 39 80 8 50 90 13 
Ni 52 100 5 71 97 1 
Co 42 88 2 53 96 0 
Fe 50 98 19 55 96 9 
Mn 42 81 3 56 95 2 
Al 53 89 9 64 88 8 
Cr 29 76 4 54 91 0 
Zn 32 66 4 56 68 1 
Ba 39 85 3 66 94 0 
Ca 40 85 0 62 92 5 
Sr 39 95 3 58 95 4 
Na 41 88 7 69 97 3 
NHa 45 87 0 48 96 1 
Mg 44 98 13 ‘ 60 98 13 
K 50 88 20 : 69 97 17 

Total 993 Av. 89.2 Total 136 Total 1462 Av. 93.4 Total 121 


obtain more accurate results using semimicro technique 
than when using the macro technique. It is believed 
that a tabulation of student results such as Table 2 is of 
value, not only in indicating the weak spots of a scheme 
of analysis, but in the actual evaluation of student 
unknowns. 
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MARINE CHIEF URGES RETURN TO SCHOOL 


**Experience has proved, in this most highly specialized of all wars, that bravery 


alone is not enough to win battles. 
half prepared. 


To have bravery without knowledge is to be only 


**Whether you are to join the armed forces ultimately, or to build a civilian career 


now or after the war, knowledge will be your most precious weapon, and ours. 


In civil 


or military life, your greatest asset for advancement, recognition, and usefulness to the 


common weal is learning. 


“If you have been employed in the factory or on the farm this summer, providing 
valuable impetus to an early victory, you should plan to go back to high school this fall. 
We in the Marine Corps feel you can best serve your nation and your fellow-man at 
school, now, building the sound mind in the sound body. 

**We are all preparing for another challenge to our democracy when the victory is 
won—the dynamic challenge of fulfillment of the cause for which we fought, in a peace- 


ful world. 


**Your country is depending on you to be well equipped and prepared to meet that 


challenge—mentally, physically, and ethically. 


It is up to you.”’—A. A. Vandegrift, 


Lieutenant General, U.S.M.C., Commandant of the Marine Corps 


this comparison was made. 
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Synthetic Resin Design 


ALBERT G. CHENICEK 
Interchemical Corporation, New York City 


YNTHETIC resins were known long before chemists 
became interested in making them. Obtained as 
undesirable end products during chemical reactions 
carried out for other purposes, such products were de- 
scribed as tars, pitches, amorphous materials, gums, 
syrups, and so on. They are still undesirable in most 
instances because the chemist has learned how to 
produce superior, more useful materials. However, 
the means by which these improved products are 
formed are the same as those which gave products 
destined for the waste jar. The chemist has now 
learned how to choose his starting materials and to 
control their reaction to give a substance the properties 
he desires. He did that by making innumerable resi- 
nous materials, as did his predecessors, but in addition, 
he applied a new knowledge of chemical reactions to 
what he found. Then by picking a few combinations 
here and there he succeeded in making something that 
could be sold for purposes other than covering roofs or 
paving roads. : 

The ultimate goal of a resin chemist is to be able to 
“tailor make”’ a resin with specific properties by proper 
choice of raw materials and conditions of reaction. He 
is on the way, but the path is faint and the obstacles 
many. . 

The procedure of mix, stir, heat, and hope came to 
an end when it was recognized that the process of resin 
formation is one in which molecules react with each 
other and more molecules react with each successive 
product to form a long chain, the agglomeration of 
chains making up the resin. A consideration of the 
accumulated types of compounds and reactions which 
led to resins brought out the concept of functionality, 
a concept fathered to a large extent by the work of 
Kienle and Carothers. 

Kienle, among others, worked on the production of 
resinous materials by the esterification of alcohols with 
acids. Such reactions were old, but it was found neces- 
sary to have at least two hydroxyl groups in the alcohol 
and two carboxyl groups in the acid before a resin could 


be obtained. In other words, each reactant had to be 
bifunctional. This was the basic requirement for resin 
formation. 


Carothers extended the idea of functionality to 
include many other types of reaction. He was able 
to prepare polymers by such common reactions of or- 
ganic chemistry as esterification, amide, acetal, and 
anhydride formation, and etherification, by always 
bearing in mind that it was necessary to have molecules 
containing at least two groups which were capable of 
reaction. Thus order came to the process of resinifica- 
tion, 


DESK-TOP CHEMISTRY 
After the idea had been proposed, the necessity of 
polyfunctionality for resin formation was easy to under- 
stand. If each molecule has only one functional group 
and it is made to react with another monofunctional 





FIGURE 1.—MOLECULES OF DIFFERENT FUNCTIONALITY CAN 
BE REPRESENTED BY HAIRPINS (UNIFUNCTIONAL) AND PAPER 
Cures (BIFUNCTIONAL) 


compound, a larger molecule is formed which has no 
residual functionality and cannot react further to 
produce a chain. To illustrate this, suppose our mole- 
cules are hairpins (get some, if you can, and try this 
yourself) each loop of which corresponds to a functional 
group in a real molecule (Figure 1). We find that two 
of the hairpins can be hooked together but the open 
ends prevent the building up of a chain. The reaction 
we have carried out corresponds to that of ethyl alcohol 
with acetic acid to give ethyl acetate but no resin mole- 
cule. (Because such an esterification reaction involves 
the loss of a molecule of water, this illustration of a 
condensation reaction, and those following, are not 
strictly applicable in terms of mechanism of reaction. 
The primary purpose of these examples is to emphasize 
the role of functionality.) 

Let us take an imaginary bifunctional molecule, a 
paper clip, and react it with some hairpins. We can 
hook two hairpins to one clip to give a chain of three 
molecules, but can go no further. In this instance 


we reacted ethyl alcohol with phthalic acid to form 
diethyl phthalate, but again, no resin molecule resulted. 

You know now that you produced imaginary resin 
molecules when you made chains of paper clips at some 
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FIGURE 2.—TRIFUNCTIONAL MOLECULES Cross-LINK POLYMER 
CHAINS OF BIFUNCTIONAL MOLECULES. 


time or other. For the sake of a more accurate analogy, 
suppose we take two different sizes and make the rule 
that a big clip can react only with a little one. Here 
we have two different molecules which can react with 
each other, but not with themselves, and we get a resin 
molecule. Such is the reaction between phthalic an- 
hydride and ethylene glycol to give an alkyd resin 
molecule. If we build enough chains and mix them 
together we have an imaginary resin. 

Instead of two different molecules one kind of mole- 
cule containing two different groups can be used. 
Under the proper conditions either combination gives 
resins. To get back to our paper clips again: in place 
of the different clips used before, we shall take all one 
size, but impose the restriction that only unlike ends 
can be hooked together. We can still build a chain if 
we turn the clips the right way. Our chain is an ex- 
ample of the reaction product of, let us say, glycollic 
acid with itself. This acid has both a hydroxyl and a 
carboxyl group, permitting inter-esterification. 

There is an additional kind of bifunctional molecule 
typified by styrene. Bifunctionality is obtained by the 
opening of a double bond to form two reactive ends. 
For the purpose of illustration we shall use safety pins, 
but it should be remembered that this, like other analo- 
gies, may fail if carried too far. Each bar of the safety 
pin represents a bond. With a little pressure corre- 
sponding to the required activation energy, one bond 
can be opened. The free point representing one func- 
tional group can then be inserted into the opening in 
the head (the second functional group) of a second pin 
This serves to present a 
rough picture of addition polymerization made possible 
by the bifunctionality of the double bond. 


and so on to form a chain. 


RESIN NETWORKS 
Until now we have considered only the classes of 
monomeric compounds which react to form thermo- 
plastic, soluble resins. Insoluble thermosetting resins 
may be derived from molecules which possess more than 
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two functional groups. Long-chain molecules which 
constitute a resin can be separated by the intrusion of 
solvent molecules or by the activating effect of heat. 
If, however, these chains become fastened to each other 
by cross-linking made possible by additional func- 
tionality, then a network is formed which prevents such 
separation of the chains. The resin is then thermoset 
and usually resistant to the action of solvents and heat. 

To demonstrate the process of cross-linking we will 
need paper clips with three or more corners all of which 
can be connected to other clips (Figure 2).. In the com- 
plex structure resulting all the molecules are attached 
to each other through chains of varying length. Thus 
any piece of well-cured resin may be considered to con- 
sist of one large molecule. It will be noted that all the 
molecules making up the resin need not be trifunctional; 
a few such molecules will suffice to produce a network 
by cross-linking. The fewer the cross-links, and there- 
fore the larger the openings between chains, the more 
readily will the resin be affected by solvents and heat. 

We have been able to control the growth of our 
imaginary molecular chains by putting the molecules 
together as we wished. In actual chemical reactions 
between polyfunctional molecules, however, resins are 
not always obtained. Even in the presence of activat- 
ing agents such as catalysts, heat, and light two similar 
reactions can take place leading to nonresinous prod- 
ucts. These reactions both involve cyclization of the 
reacting molecules. This simply means that the re- 
active ends of the same molecule, the functional groups 
involved in the polymerization, become hooked to- 
gether and functionality is lost. Make a bracelet with 
paper clips and you have no ends to which to add more 
clips. It is important to realize that with molecules 
having a functionality higher than two there are still 
reactive points even in a cyclized molecule and there- 
fore further reaction can proceed. Ring formation 
can take place after a number of molecules have 
reacted together or it may occur within one molecule 
if its functional groups are capable of reaction with 
each other. Such reactions leading to relatively simple 
molecules are more likely to take place in dilute solu- 
tion where the chance of ends of the same molecule 
coming together is greater than that of their contacting 
ether molecules because of greater separation by solvent 
molecules. 

Another factor which prevents resin formation is 
commonly called steric hindrance. In examples where 
hindrance occurs the structure of the molecules in- 
volved is such that the functional groups are shielded 
by other groups and reaction cannot take place. It is 
like trying to reach a dime dropped through a grating 
—one’s hand just will not go through. 

In addition to these complications, some molecules, 
which theoretically possess the requisite functionality 
and seemingly are not subject to steric hindrance, just 
will not react. These compounds generally have iso- 


lated double bonds which appear to need more energy 
for reaction than is supplied under conditions which do 
not decompose the molecule itself. 
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SUCCESSFUL CHAINS 


Let us look at two reactions which have been mas- 
tered sufficiently to produce resins on a commercial scale. 
When the bifunctional amine, hexamethylene diamine, 
reacts with the bifunctional acid, adipic acid, the re- 
sult is a linear, thermoplastic superpolyamide known 
as nylon. (See Figure 3.) 











- x 
FIGURE 3.—HEXAMETHYLENE DIAMINE AND ApIPic ACID FoRM 
PoL_yAMID RESIN (NYLON). 


The second reaction is that of the bifunctional com- 
pound, formaldehyde, with the tetrafunctional com- 
pound, urea, to form a urea resin. The high function- 
ality of the urea permits the formation of cross-links 
and results finally in the production of a nonthermo- 
plastic insoluble resin. The mechanism by which this 
occurs is a subject of debate but the schematic represen- 
tation in Figure 4 will serve to illustrate the essential 
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FIGURE 4.—POSSIBLE STRUCTURE OF A HEAT-SET UREA RESIN. 


These reactions differentiate between two main 
types of resins. Nylon, polystyrene, Lucite, Vinylite, 
and Saran, and other thermoplastic commercial resins 
are produced if the functionality is two. Functionality 
greater than two results in thermosetting products 
such as urea, phenolic, and alkyd resins. 

Polyfunctionality is mandatory for resin formation, 
while the degree of functionality determines the type 
of resin obtained. Thus the complexities of resin chem- 
istry are systematized in large part by these simple 
principles. 

Proper functionality, then, is the first consideration 
in choosing starting materials for preparing a resin. 
The next problem is to build into this resin the prop- 
erties which will fit it for specific practical applications. 
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Many of the commercial resins developed in the past 
were first synthesized and then utilized for whatever 
purpose they happened to be suited. 

On the chemists’ drawing boards is the molecular 
architecture of resins of the future. The designs are 
governed by specifications for certain uses; they are 
based upon general principles relating physical structure 
and chemical nature to physical properties. Knowledge 
of these connections has not advanced far enough to 
permit accurate prediction of the properties of a finished 
resin by inspection of a formula on paper; nevertheless, 
enough is known to limit choice of materials and con- 
ditions of preparation to obtain a resin of certain prop- 
erties and to serve as a guide for further changes. The 
foundations of this embryo science of resin design rest 
upon an understanding of how size, shape, arrangement, 
and composition of the molecules—the building blocks 
—influence the properties of resinous substances. 


FORCES BETWEEN MOLECULES 


For the present purpose a resin may be defined as a 
collection of molecules, generally of different sizes, 
having a relatively high molecular weight. The forces 
which bind the large resin molecules together to make 
the mass of resin are important factors in determining 
its physical properties. These attractive forces are 
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FIGURE 5.—DIAGRAM SHOWING PRI- 
MARY AND SECONDARY VALENCE 
FORCES IN AN OXYGEN ATOM. 


termed secondary valences or van der Waals’ forces, 
as contrasted to primary valences which form the 
chemical bonds between atoms such as those which 
constitute the resin molecules (Figure 5). Secondary 
valences result from the presence of electrons in the 
outer electronic shell or orbit of atoms; these electrons 
are not a part of the primary valence bonds. 

If we magnetize a number of chains of paper clips 
to make them cling together, we will have a rough 
analogy of how secondary valences bind molecules to- 
gether. 

In organic compounds the most common atoms which 
contain such ‘‘unshared”’ electrons are oxygen, nitro- 
gen, sulfur, and chlorine. Atoms of this type are 
termed polar and their presence in a molecule leads to 
unbalanced electrical fields within the molecule, i. ¢., 
polarity. Table 1 lists common groups containing 
polar atoms in increasing order of their effect in bind- 
ing molecules together. 
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FIGURE 6.—X-Ray DIFFRACTION PATTERNS—PHTHALIC ANHY- 
DRIDE (LEFT) IS A TYPICAL CRYSTALLINE MATERIAL HAVING AN 


POLYSTYRENE 
WITH A 


ORDERED ARRANGEMENT OF STRUCTURAL UNITS. 
(RIGHT) IS A TypIcAL NONCRYSTALLINE MATERIAL 
RANDOM ARRANGEMENT OF STRUCTURAL UNITS. 


Completely substituted carbon atoms have all four 
of their outer electrons as part of chemical bonds and 
have none to contribute to secondary valences. In a 
carbon-carbon double bond the two pairs of electrons 
shared between the two atoms, especially if the atoms 
are unsymmetrically substituted, cause a state of 
polarity intermediate between that of a saturated car- 
bon atom and an atom like oxygen. 

The presence of polar atoms in molecules will affect 
the attractive forces between them. Their con- 
centration per unit volume of resin will determine the 
degree of association of the molecules. As the num- 
ber of polar atoms increases in a molecule there is a 
corresponding increase in the number of points of at- 
tachment by means of secondary valences. 

Molecules may, of course, become attached through 
primary valences, in which case they become part of 
the same molecule. In such cases primary valences 
are the result of higher functionality. Resins of this 
type constitute the thermosetting class which will be 
discussed later. 


LENGTH AND SHAPE OF CHAINS 
What happens to our building blocks when force is 
applied to a resin depends upon the quality of our 
electronic ‘‘mortar.’’ To break a resin requires enough 
force to separate molecules and possibly to break 
atomic bonds. One would conclude that resins made 
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FIGURE 7.—X-Ray DIFFRACTION PATTERNS—UNSTRETCHED 
CREPE RUBBER (LEFT) HaS A NONCRYSTALLINE STRUCTURE AS 


INDICATED BY THE DIFFUSE CIRCULAR PATTERN. STRETCHED 
CREPE RUBBER (RIGHT) SHOWS MOLECULAR ALIGNMENT AS 
INDICATED BY THE SPOTS 


up of molecules of low polarity would have little 
strength, while resins containing many polar groups 
would be tough. This generalization is subject to 
many exceptions, because other factors in addition to 
degree of association determine the strength of resins. 
This is illustrated by answering the question, ‘‘How 
can hydrocarbon resins be hard, brittle products, such 
as polyindene, tough plastic materials like polystyrene, 
as well as elastic, like rubber?’’ Here is a series of 
resinous materials, all of low polarity, varying con- 
siderably in properties. The answer lies in the length 
of the polymer chains and the shape of these chains. 

It has been well established that resins such as poly- 
styrene do not acquire the property of toughness until 
the average molecular weight of the molecules exceeds 
a certain value, roughly 8000. The very low molecular 
weight polystyrenes and polyindenes formed by the 
use of acid catalysts are exceedingly brittle. To under- 
stand this variation, visualize two strings, one com- 
posed of long fibers and the other of short. To break 
the string with long fibers requires more force, because 
fibers must be broken, while the short ones are easily 
pulled apart (Table 2). 

While they have high molecular weight, the mole- 
cules of rubbery hydrocarbons—elastomers—are not 
“straight-chain’”’ polymers, but are, instead, actually 
kinked and curled polymers. Stretching an elastomer 
straightens the molecules into a parallel alignment. 


, TABLE 1 ; It was not until x-ray methods were applied to resi- 
CongESIVE ENERGIES OF MOLECULAR GRouPS a . * 
imslek Misra nous materials that experimental evidence for struc- 
Group (Cal./ Mol.) tural regularity of their molecules was obtained. Some 
Methylene CHs Mao resins under certain conditions give x-ray diffraction 
Methy! CH; 1,700 patterns similar to those obtained from crystalline 
Chlorid Cl 3,400 . > . 
a” NH 3'530 substances (Figure 6). This means that the molecules 
Ketone CO 4,270 of the resins, as in crystals, are arranged in a definite, 
Aldehyde CHO 4,700 e 1 
Seder COOCH; 5.600 regular manner. Stretched rubber shows this crystal- 
Acid COOH 8,970 line behavior while unstretched rubber does not 
Imide -CNH 10,000 * u - 
Amide CONH: 13,200 (Figure 7). While the molecules can be forced into 
TABLE 2 
CHANGE IN PHYSICAL PROPERTIES WITH STRUCTURE 
Molecular Polarity per 
Resin Weight Unit Volume Molecular Arrangement Resin Properties 
Cis-polyisoprene (rubber) High Low Unstretched-Random Elastic, soft 
Stretched-Oriented 
l'rans-polyisoprene (gutta percha) High Low Random Plastic 
Polystyrene Low Low Random Plastic, hard, brittle 
Polystyrene High Low Random Plastic, hard, tough 
Polymethyl methacrylate High Medium Random Plastic, hard, tough 
Polyamid (nylon) High Medium Oriented (crystalline) Tough fiber 
Urea Resin High High Three dimensional, cross-linked Infusible, insoluble, hard, brittle 
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alignment by the process of stretching they do not re- 
main in that state when the external force is released. 
This is because the forces between the hydrocarbon 
molecules in the stretched position are less than the 
forces which cause contraction. 

It should be mentioned that the sulfur cross-links in 
vulcanized rubber probably assist in pulling the mole- 
cules back to their original state. The use of large 
amounts of sulfur, resulting in increased cross-linking, 
gives hard rubber. 

With molecules of greater polarity, cohesive forces 
are increased, elastic properties are lost, and the applied 
forces lead to fairly permanent deformation. With 
many thermoplastic resins the deformation is not en- 
tirely permanent because these exhibit the phenomenon 
of ‘‘elastic memory.” Thus they may be deformed by 
the use of heat and pressure and retain their new shape 
for some time, but slowly at ordinary temperatures 
and more rapidly at elevated temperatures they tend to 
return to their original form. 

Long molecules containing strongly polar groups 
that are not highly concentrated comprise fiber-forming 
resins, if their shape is such that they can be fitted to- 
gether. To get maximum strength in a fiber the fila- 
ments of resin are stretched. As with rubber this pro- 
cedure results in a regular alignment of molecules as 
shown by the crystal-like pattern of the x-ray diagram. 
Unlike rubber, however, the molecules do not return 
to their original position. The reasons seem to be that 
the forces due to secondary valences are strong enough 
to hold the molecules in their new positions and the 
molecules fit together more closely. It is quite likely 
that molecules of ‘fiber-forming resins are not kinked 
and curled so much as those of rubber and therefore the 
elastic force to be overcome is less. 


CLASSIFICATION OF RESINS 


Whether or not a resin will fall into the class of 
fibers, plastics, or elastomers, therefore, will depend 
upon the polarity per unit volume, the molecular size, 
and molecular shape. No single one of these variables 
will determine the nature of the product; the prop- 
erties of a resin depend upon all three. Molecules of 
low polarity tend to give elastomers if the chains are 
long enough and if the molecules are curled so that the 
chains do not fit together well. If all these conditions 
are not met the result will be a plastic rather than an 
elastomer. The difference between rubber and gutta 
percha illustrates this (Figure 8). Here are two sub- 
stances of the same chemical composition (polymerized 
isoprene) and both of high molecular weight, but rubber 
is highly elastic while gutta percha is a plastic. The 
difference lies in the shape of the molecules. These 
isoprene units of rubber are linked together in such a 
Way that the largest groups on the carbon atoms joined 
by the double bonds have a cis-arrangement. In gutta 
percha the groups have a frams-arrangement. Cis 


s Means that these groups are projected from the mole- 
cule in the same plane, while trans indicates that they 
are in different planes. 


The trans-arrangement makes 
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FIGURE 8.—STRUCTURES OF RUBBER (CIS-POLYISOPRENE) AT 

Top, AND THE PLASTIC, GUTTA PERCHA (TRANS-POLYISOPRENE), 

AT BottoM. SPATIAL ARRANGEMENTS HELP ExpLaIN Dir- 
FERENT PROPERTIES. 


it easier for the chains to fit together and probably does 
not allow for as much curling of the molecules as the 
cis-arrangement. When stretched, therefore, the rub- 
ber molecules can slip past each other more easily 
than gutta percha molecules, and in addition the force 
pulling them back to their original position is greater. 
Both of these conditions result in greater elasticity. 

For fibers, the polarity per unit volume must be 
greater than that of elastomers. A balance must be 
attained, however, because excessive polarity results 
in brittleness; if too low, the chains do not fit together 
well and fail to remain in a ‘‘crystallized” state after 
stretching. The molecular size must also be great 
enough to provide flexibility. 

The class of plastics then consists of polymers made 
up of molecules of all degrees of polarity. It is only 
when special properties are developed by means of a 
combination of polarity, molecular size, and molecular 
shape that the material is called an elastomer or a 
fiber. 


OTHER PHYSICAL PROPERTIES 


The interpretation of such properties of plastics as 
hardness, impact strength, adhesion, softening point, 
solubility, and abrasion resistance in terms of molecu- 
lar size, shape, arrangement, and polarity is a more 
difficult matter. It is perplexing partly because these 
properties are not sharply defined, but the real difficulty 
is lack of knowledge. Measurements, developed mainly 
from the practical viewpoint, are usually a result of 
combined properties rather than one alone. 

The polymers of a series of esters of methacrylic acid 
with different alcohols illustrate these changes in prop- 
erties (Table 3). As the length of the alcohol chain is 
increased the softening point decreases and there is an 
increase in flexibility. When the chain is long enough, 
the polymer is a liquid. Lengthening the hydrocarbon 
chain of the alcohol acts to decrease the number of 
secondary valences per unit volume. As the number 
of points of attachment is thereby reduced, less energy 
or work (as heat) is required to separate the molecules 
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FIGURE 9.—VINYL CHLORIDE POLYMERIZATION SHOWN WITH 
AID OF FISHER-HIRSCHFELDER ATOM MODELS 


and they become soft at lower temperatures. This is 
analogous to the method used to obtain the values in 
Table 1 which were calculated from the heat required 
to vaporize liquids. This heat is a measure of the 
energy needed to separate the molecules far enough for 
the liquid to become a vapor. 

TABLE 3 


VARIATION IN PROPERTIES OF METHACRYLATE ESTERS WITH DIFFERENT 
ALKYL RADICALS 


Softening Point, 
ig OF 


Ester Mechanical Properties 


Methyl 125 Hard, strong 
Ethyl 65 Tough 
N-propyl 38 Tough, flexible 
Iso-propy! 95 Clear, strong 
N-butyl 33 Flexible, strong 
Iso-butyl 70 Slightly brittle 
Sec-butyl 62 Slightly brittle 
Tert-amyl 76 Brittle 

Octyl Liquid Gel 

Laury! Liquid Viscous liquid 


When the alcohol chain becomes branched as in the 
iso-, secondary, and tertiary alcohols the softening 
point goes up. The best explanation of this result may 
be that branched chains become entarigled with each 
other to form mechanical points of attachment between 
polymer chains. 

Such a picture could be used to explain why poly- 
styrene has a fairly high softening point for a substance 
of low polarity. The volume of the phenyl group may 
be sufficient to hinder separation of polymer chains. 
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The change from thermoplastic to thermosetting 
resins is one of linking the polymer molecules through 
primary bonds. This cross-linking was illustrated by 
the three-cornered paper clips (Figure 2). Experi- 
mental facts uphold the prediction that the resin be- 
comes harder and more brittle with a much higher 
softening point. Some thermosetting resins soften at 
elevated temperatures but do not flow. At these tem- 
peratures the attractive forces due to secondary va- 
lences have been overcome and the molecules can sepa- 
rate slightly. The chemical bonds between the origi- 
nal molecules, however, remain unbroken and thus 
prevent flow. 

Solubility is a property analogous to softening point. 
The weaker the forces holding the molecules together 
the more easily are they separated by solvent molecules. 
Thermosetting resins at first are soluble. When some 
chemical cross-links are formed the resin swells, be- 
cause complete separation of the molecules is prevented. 
The resin finally reaches a stage where it is practically 
unaffected by solvents. 

On the basis of this reasoning, hardness—in addition 
to softening point and solubility—should be a measure 
of intermolecular forces. Whether molecules are held 
together by van der Waals’ forces, chemical bonds, or 
mechanical entanglement, they are separated mechani- 
cally by whatever instrument is used to measure hard- 
ness, rather than by heat or solvent molecules. 

Hardness measurements are generally of two types: 
indentation and scratch hardness. Both of these 
actually are often a measure of plastic flow under 
pressure rather than rupture of the material. With 
resinous materials in particular, the methods are subject 
to the effect of a time factor which makes accurate 
measurement difficult. There is a need for a standard 
definition of hardness as a property of resins and for a 
method of measurement. 


SUMMARY 


Generalizations have been presented by means of 
which resins may be classified as elastomers, plastics, 
or fibers. It should not be thought that by this means 
each resin can be fitted neatly into a class on the basis 
of its molecular architecture. A beginning has been 
made in this direction and that is important. We do 
not need more architects to design new molecules as 
much as we need engineers to analyze resin structure in 
terms of the properties of the building blocks. From 
their results the architect can design his molecules and 
know what the properties of the resins will be before 
they are built. At present the entire structure must be 
built and tested. If the calculations are faulty, the 
resin fails and a new one must be built. The trial- 
and-error method characterized the beginning of resin 
chemistry. We are now at the stage of resin design. 
The concept of funetionality brought order to the 
first field; we are looking for the key to the second. 
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The Blue Glass Filter in the Flame Test for Potassium 


CHARLES E. WHITE 
University of Maryland, College Park, Maryland 


ANY laboratory manuals of general chemistry 

instruct the student to observe the potassium 
flame through a blue glass filter in order to distinguish 
this element from sodium. If any indications of re- 
sults are given, it is usually stated that potassium gives 
a violet or lavender color through the glass. Experi- 
ence with students indicates that very few make the 
correct observation and the chief fault lies in the blue 
glass and in the lack of explanation in the manual. 

The flame spectrum of potassium contains lines of 
two colors, the violet at about 4044 and 4047 A. U. 
and the red at 7665 and 7699 A. U. In the spectro- 
scope the red is far easier to see and is generally used for 
identification. It is the red also that is useful in dis- 
tinguishing the potassium flame through a blue glass. 
The blue glass mitst be of such a nature that the yellow 
of sodium is adsorbed and the red of potassium is trans- 
mitted. A few years ago we examined the so-called 
“cobalt” glasses used in our laboratory and found that 
only about 50 per cent of the entire stock would serve 
in this test; the remainder completely absorbed the red 
line of potassium. This finding was affirmed by a 
leading laboratory supply house and we were assured 
that hereafter all glasses sold by the firm for this pur- 
pose would be examined spectroscopically. Students 
using the poor glass in previous years must have de- 
pended a great deal upon their imaginations. All of 
the blue glasses tested transmitted the violet line of 
potassium but unless the red line was also trans- 
mitted, they were useless for the identification in the 
presence of sodium. The violet flame appearing 


through the glass cannot be depended on as an identi- 
fication of potassium because concentrated sodium 
salts give a similar effect. The source of the blue 
color from sodium salts is discussed at some length by 
Mellor.'! Potassium is easily distinguished from sodium 
by observing, through the blue glass, the bright red 
flame surrounded by a blue envelope. 

The blue glass may be tested by direct observation 
or by the spectroscope to see if it transmits the red. 
In the latter case, to avoid the inconvenience of a 
potassium flame, a mercury vapor lamp may be used. 
This gives a red line in the vicinity of that of potassium. 
The G. E. H4 lamp with a blue bulb used for ultra- 
violet work is excellent for this purpose. 

An interesting observation on the potassium flame 
may be made with didymium glass such as is used in 
glass blowers’ goggles or in the Corning filter No. 5120. 
This glass adsorbs all of the yellow and part of the red 
and since it is a pink glass, the student is not skeptical | 
about the color’s being due to the glass. Through this 
glass potassium gives a beautiful violet flame; how- 
ever, since a large portion of the red is adsorbed, it 
does not serve as a good means of identifying potassium 
in the presence of sodium. i 

It is also worth mentioning that the carbonate of 
potassium seems to remain on a platinum wire longer 
than the chloride and hence serves better as a testing 
solution. 





?MELLor, ‘‘A Comprehensive Treatise on Inorganic and 
Theoretical Chemistry,’’ Longmans, Green and Company, New 
York,1922, vol. 2, p. 464. _ 


LETTERS 


To the Editor: 


In a paper by Florence Harden published in the 
JOURNAL OF CHEMICAL EpucaTION, July, 1944, ‘“The 
data of geochemistry,” by F. W. Clarke, Bull. 770, 
5th ed., 1924, is listed as a publication of the Bureau of 
Mines. It should have been listed as one of the Bulletin 


series issued by the Geological Survey, U. S. Department 
of the Interior, which also publishes a series of Profes- 
stonal Papers. Both series include numerous papers of 
interest to chemists. 

W. T. SCHALLER 


GEOLOGICAL SuRVEY, U. S. DEPARTMENT OF THE INTERIOR 
WASHINGTON, D. C. 


Lecture Table Apparatus 


to Demonstrate Conductivity of Solutions 


J. A. MATTUCK 
Brooklyn Technical High School, Brooklyn, New York 


HE apparatus commonly used to show the con- 

ductivity of electrolytes in solutions involves a 
number of time-consuming operations such as the re- 
moval of the electrodes from the cell and their washing; 
the emptying and washing of the cell containing the 
solution and its refilling, and the replacement of the 
electrodes. These operations involve considerable 
moving about to and from the sink on the part of the 
instructor. 

The lecture table apparatus to show conductivity 
of solutions here described eliminates all of these opera- 
tions. The cell is emptied and refilled, and the elec- 
trodes and cell are washed all in one operation. 


F- SEPARATORY FUNNEL. 
&- COPPER WIRE ELECTRODES. 
L- INCANDESCENT BULB. 

S- SWITCH. 

C- COPPER WIRE. 

1 - HEAVY INSULATING MATERIAL. 
W- WOODEN STAND ANO BASE. 
8-2; LITER BOTTLE. 










































The apparatus consists essentially of a separatory 
funnel of the cylindrical type. Two copper wires 
reach down to the narrow portion of the funnel, and 
need not be more than one-eighth to one-quarter of an 
inch apart at the bottom of the funnel. These wires 
may be kept apart at the top of the funnel and in 
position by a cork. They serve as the electrodes and 
are connected to the source of current with an in- 
candescent bulb in the circuit. The end of the stem 


x Presented before the Chemistry Teachers Club of New York 
at Brooklyn College, April 21, 1944. 


of the funnel is connected with a piece of rubber tubing 
reaching into the sink. 

A few drops of water are introduced in the funnel, 
enough to have the ends of the electrodes immersed. 
The addition of a drop or two of the solution to be 
tested will cause the bulb to glow. 

To empty the funnel it is only necessary to open the 
stopcock, and as the solution is running out, plain water 
may be poured into the funnel, thus washing the 
funnel and the electrodes at the same time. When 
the bulb ceases to glow the stopcock may be closed, 
and the apparatus is then ready for the experiment with 
another electrolyte. 

This operation may be made more rapid if a water 
aspirator is available. The funnel then can be emp- 
tied quickly by connecting the rubber tube from the 
funnel to the aspirator. 

If compressed air is available, the water delivered 
to wash the funnel can be poured in quickly by forcing 
in the water under pressure, resulting in rapid rinsing 
and washing of the funnel and the electrodes. This 
operation may be effected by the following arrangement. 
A 2'/.-liter acid bottle is fitted with a three-hole rubber 
stopper. Through one of these openings a glass tube 
reaches down to the bottom of the bottle; the upper 
end of the tube is connected with a piece of bent glass 
tubing which reaches over the top of the funnel and 
serves as a nozzle. Another piece of glass tubing goes 
through a second opening in the rubber stopper and 
reaches just below the stopper. This tube is con- 
nected to the compressed air. When the bottle 1s 
filled with water and the compressed air is on, the clos 
ing of the third hole in the rubber stopper with the 
finger for a moment results in a rush of water from the 
bottle into the funnel. 

If no compressed air is available it is possible to 
connect the piece of glass tubing which serves as 4 
nozzle directly with the faucet. A pinchcock placed 
over the piece of rubber tubing will serve to keep the 
flow of water into the funnel under control. 

There is another feature that can be added to this 
device, by means of which it can be demonstrated that 
solid NaOH or crystals of copper sulfate or rock salt 
will not conduct the current. For this purpose two 
copper wires provided with insulating handles are con- 
nected across the electrodes in the funnel and serve 
as a by-pass for the current. When the ends of these 
terminals are brought in contact the incandescent bulb 


(Continued om page 506) 
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«<< « HIGH SCHOOL CHEMISTRY - - - - 
Salt, the Most Useful of Mineral Substances 


Historic Commodity Plays Vital Role in Foods, Agriculture, and Industry 


E. B. TUSTIN, JR. 


Worevster Salt Company, New York City 





DETAIL FROM DA VINCI'S “THE LAST SUPPER.” 


NOTE BaG CONTAINING TREASON MOVNE\ 


AND OVERTURNED SALT CELLAR AT HAND OF JUDAS 


ALT is the most common mineral in existence, but 
do you know of any more useful? Since early 
times salt has been associated with value and worthi- 
hess, as witness the Biblical statement, ‘‘Ye are the 
salt of the earth” (Matthew 5: 13). 
To primitive people salt represented something 
that was not perishable and that would keep foods 


from spoiling—hence the sacred significance with 
which salt was endowed. 

We find that whenever sodium chloride is named 
in the Bible it is done so in language stamping it as a 
most important essential. Especially do we notice 
this in directions for religious services. When Elisha 


sweetened the waters of Jericho he cast salt into them, 
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illustrating the purifying properties of salt, for he said, 
“T have healed these waters” (II Kings 11). 


SALT AS A COVENANT 


In Eastern countries it is a time-honored custom to 
place salt before strangers as a token and pledge of 
friendship and good will. 





Courtesy of Metropolitan Museum of Art 

THE HiGH REGARD For SALT 

THROUGH THE AGES Is ILLUS- 

TRATED BY THIS EXQUISITELY 

Wroucnut SALT CELLAR, PRE- 

SENTED TO NEw COLLEGE, Ox- 
FORD, IN 1492 


The antiquity of the practice of using salt in con- 
firmation of an oath is shown in the following passage 
from an ode of the Greek lyric poet, Archilochus, who 
flourished 2000 years ago: 


‘*Thou hast broken the solemn oath 
and hast disgraced the salt and the table.” 


Even at the present time, Arabian princes are wont 
to ratify an alliance by sprinkling salt upon bread, 
exclaiming, ‘‘I am the friend of thy friends, and the 
enemy of thine enemies.”’ 

During the Indian Mutiny of 1857 a chief motive 
of self-restraint among the Sepoys was the fact that 
they had sworn by their salt to be loyal to the English 
Queen. 

SALT SUPERSTITIONS 


The widespread notion that the spilling of salt 
produces evil consequences was probably due to the 
sacred character of salt in early times. Anyone having 
the misfortune to spill salt was supposed to incur the 
anger of all good spirits. Leonardo da Vinci evidently 


had this superstition in mind when he portrayed an 
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overturned salt cellar before Judas in the painting, 
“The Last Supper.” 

Through the ages belief in the sacred properties of 
salt persisted. In Scotland salt was in high repute as 
a charm, and the salt box was the first chattel to be 
removed to a new dwelling. When Robert Burns, in 
the year 1789, was about to occupy a new house at 
Ellisland, he was escorted on his route along the banks 
of the river Nith by a procession of relatives, and in 
their midst was carried a bowl of salt resting on the 
family Bible. 

Peculiar notions about the magical properties of 
salt were common among American negroes. In some 
regions a new tenant would not move into a furnished 
house until all the objects therein had been thoroughly 
salted, with a view to the destruction of witch-germs. 


SALT USED AS MONEY 


Roman soldiers received part of their pay in the 
form of salt, from which comes our modern word 
“salary” and the expression ‘‘worth his salt.”’ 

Among the old Chinese, salt was considered second 
in value to gold only, and it held an important place 
in the monetary system of the Great Moguls. Marco 
Polo, in the 13th century, writes of flat cakes of salt, 
bearing the stamp of the Great Kahn, which were used 
as money in Tibet. Even today salt takes the place of 
money in certain parts of Africa, Mexico, and the South 
Sea Islands. When the hordes of Mussolini invaded 
Ethiopia, the native hunters refused to accept Italian 
currency in exchange for skins, but instead, used coin- 
shaped discs of salt. Right here in America, each 
member of the Onondaga tribe of Indians receives 
from New York State an annual payment of salt, in 
accordance with an old treaty, as part compensation 
for ceding 7300 acres of land in 1813. 


THE SALT CELLAR 


The Romans considered salt to be a sacred article 
of food, and it was a matter of religious principle with 
them to see that no other dish was placed upon the 
table before the salt was in position. With the peas- 
ant, a shell served as a receptacle for salt, but at the 
repast of the wealthy citizen a silver salt cellar, which 
was usually an heirloom, was placed in the middle of the 
table, and this custom prevailed in England in early 
times. Medieval salt cellars were often elaborate pieces 
of craftsmanship. 

Until the end of the 17th century, the rank of guests 
at a banquet was indicated by their seating with 
reference to the massive silver salt cellar. At the head 
of the table “‘above the salt’’ sat the host and his more 
distinguished guests. The less noble sat ‘‘below the 
salt.” In the 11th century the laws of King Canute 
provided that any person sitting at a banquet above the 
position to which he was entitled should be “‘pelted 
out of his place by bones at the discretion of the com- 
pany.” Those were the days of meat in abundance. 
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SALT IN WARFARE 


A strategic part has been played by salt in great 
military engagements. Napoleon’s soldiers on the 
celebrated retreat from Moscow died by thousands as 
the result of wounds whose failure to heal was at- 
tributed to prolonged deprivation of salt. The same 
circumstance was reported during the Paraguayan 
War of 1874. In our own country during the Civil 
War, one of the principal purposes of a Union campaign 
into Virginia was to capture a chief source of salt of 
the Confederacy located in Saltville. Nowadays 
salt plays an important new part with the armed forces 
as well as in civilian industry. Millions of salt tablets 
are used to replace salt lost through perspiration and 
thus help ward off fatigue. 

History is filled with illustrations of the economic 
pressure exerted on people by lack of salt. It has 
forced them to make war, build ships, roads, and cities, 
and enter into commerce on land and sea. 


HOW SALT IS OBTAINED 


Old manuscripts reveal that 5000 years ago in China 
salt was obtained by boiling and evaporating the ash 
from sea weeds. In America scarcely 100 years ago 
Indian tribes, if living near the ocean, evaporated sea 
water in open trenches. Those inland obtained salt by 
boiling and evaporating the brine from salt springs to 
which buffalo and deer were wont to come. 

Early American settlers, living in the interior, ex- 
perienced great perils and hardships to obtain salt. 
As might be imagined, salt was expensive and at the 
time of the War of 1812 it cost $5.00 a bushel. 

Little change was made in the method of salt manu- 
facture through the ages until 1886, when Joseph Dun- 
can, an American, started a salt company at Silver 
Springs, New York. He employed a revolutionary new 
process—the vacuum pan process—in use today. This 
method produces a uniformly grained salt of very high 
purity. 

Wells are bored and water is piped down to salt strata 
in the earth. The resulting brine is pumped up, 
filtered, and purified. After evaporation in vacuum 
operators, usually multiple effect, the salt is drawn off 
and conveyed to dryers. It is then screened to separate 
crystals of different size used for various food and in- 
dustrial purposes. 


USES FOR SALT WIDESPREAD 


The more civilization has progressed the more de- 
mand there has been for salt, and today over 4,000,000 
tons of evaporated salt are required annually for the 
home and fer a vast number of farm and industrial 
uses. This amounts to 60 pounds per capita and does 
not include the almost equal amount of rock salt 
mined. 

The human body requires about one-half ounce of 
salt per day, or 12 pounds per year, to enable the vari- 
ous glands to hold the amount of water they need for 
proper functioning. Salt is also the source of an im- 
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portant component of gastric juice. Upon receiving 
salt, the stomach changes its chloride component into 
hydrochloric acid for digestive purposes. The body 
divides salt into its chemical constituents with the 
greatest of ease, but it takes elaborate equipment to do 
the same thing industrially. 





WELL DERRICKS AT WORCESTER SALT COMPANY'S REFINERY, 


SILVER SPRINGS, NEW YORK. BRINE IS PUMPED UP FROM 
SALT VEINS A HALF-MILE UNDERGROUND 


Electricity is the key to the composition of the salt 
crystal. When a strong electric current is passed 
through molten salt, the hot mass is separated into a 
silvery white metal, sodium, and the greenish yellow 
gas, chlorine. 

Both elements are widely used by the chemical in- 
dustry. Sodium has been employed for many years 
in the manufacture of dyes, insecticides, and photo- 
graphic materials, and more recently in making the 
tetraethyl lead used in aviation gasoline. Operation 
of airplanes at the terrific speeds necessary in this war 
is also facilitated by the use of sodium in the valve 
stems. By this means, heat from the engine is con- 
ducted rapidly to the radiating system and danger of 
overheating is minimized. 

The wearing parts of tanks, trucks, and planes could 


not take the terrific punishment to which they are 


subjected if the pinions and gear surfaces had not 
been “‘case hardened”’ in a bath containing molten 
sodium cyanide, another member of the salt family. 
Shortages of copper and brass for shell cases have 
led to the use of steel, plated with copper or zinc to 
insure a smooth, non-rusting surface. Sodium cyanide 
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Top VIEW OF QUADRUPLE EFFECT VACUUM PAN EVAPORATORS 

AT REFINERY OF WORCESTER SALT COMPANY. STEAM BELTS 

WitrHIn Bort AND EVAPORATE THE BRINE, MAINTAINED UNDER 

SUCCESSIVELY HIGHER VACUUMS. ULTIMATE FUEL Economy Is 
TuHus OBTAINED 
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and the cyanides of copper and zinc—all members of the 
salt family—are required to plate these shells. 

Likewise from salt comes sodium peroxide, with which 
millions of yards of cotton fabrics for the armed forces 
are bleached to permanent whiteness. 

Chlorine, the other element derived from salt, is 
equally versatile. Added to drinking water in small 
quantities, it has saved thousands of lives by destroying 
bacteria. On the other hand, chlorine is used in mak- 
ing deadly war gases such as phosgene and mustard 
gas. 

From hydrochloric acid, another salt derivative, and 
acetylene gas comes neoprene synthetic rubber, re- 
ferred to by the Baruch Committee as the “‘one syn- 
thetic material of a quality to be the full equivalent of 
natural rubber for combat and heavy duty tires.” 
Neoprene is also used to coat fabrics for blimps. 

Other salt-derived products, the chlorinated hydro- 
carbons, are required in enormous quantities to clean the 
metal parts going into tanks, trucks, ships, planes, and 
guns. And one of these compounds is used in making 
smoke screens to conceal the movements of United 
Nations forces. Other chlorine compounds include 
fire-extinguisher fluids, refrigerants, and anesthetics. 

In the home, salt solutions have long been used as a 
gargle and dentifrice, but chemicals from salt are now 
needed to make the new “‘sulfa’’ drugs, vitamins, and 
other pharmaceuticals. Radioactive salt, made by 
combining chlorine and sodium bombarded with 
deuterons, can be accurately traced as it passes through 
the various parts of the body and accordingly is a new 
physiological tool. 


SPOT REACTION EXPERIMENTS (Continued from page 484) 


by ferrous oxalate, then (in the presence of free oxalic 
acid) ferric oxalate is regenerated (3). The latter 
again decomposes, producing ferrous oxalate which 
reduces M, and so on. Summation of the equations 
representing this series of reactions gives the net 
equation (4). This expresses the reduction of M by 
oxalic acid in light, but does not reveal the participa- 
tion of ferric oxalate: 





Ferric oxalate + hv — ferric oxalate* (1) 
Ferric oxalate* — ferrous oxalate + CO, (2) 
Ferrous oxalate + M + oxalic acid — ferric oxalate + 
M (reduced) (3) 
M + oxalic acid + hy — CO. + M (reduced) (4) 


This series of reactions is a typical example of an 
intermediate reaction catalysis. In its general form, 
it states that every slow reducing action of oxalic acid 
will be catalytically accelerated by addition of ferric 
salts and then irradiating. In fact, it can be shown 
that the slow reduction by oxalic acid, of selenious 
acid, iodine, . palladium chloride, tungstic acid, and 
methylene blue, are hastened by adding a little ferric 
salt and irradiating. 
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LECTURE TABLE APPARATUS TO DEMONSTRATE CONDUCTIVITY OF SOLUTIONS 
(Continued from page 502) , 


glows. If these are brought in contact with a crystal 
of copper sulfate, or solid sodium hydroxide, no current 
flows to make the bulb glow. 

These terminals may be made to serve another 





useful purpose. They may be used to compare the 
brilliance of the glow when the current flows directly 
through the wires with the glow of the bulb when the 
current has to pass through the solution. 
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The High-School Chemistry Test 
of the Armed Forces Institute 


WILLIAM HERED 


Indiana University and Examinations Staff for the United States Armed Forces Institute 


and 
HERBERT A. THELEN 


University of Chicago and Examinations Staff for the United States Armed Forces Institute 


LARGE number of servicemen are availing them- 

selves of the opportunity provided by the United 
States Armed Forces Institute to continue their educa- 
tion while in the service. Many of these men are com- 
pleting requirements for a high-school diploma; others 
are pursuing work at the college level or preparing 
themselves for peacetime vocations. 

A mechanism has been set up by means of which 
academic credit can be granted for study in the armed 
forces. Two steps are involved: (1) the applicant 
takes, under adequate supervision, an examination 
prepared by the Examinations Staff for the United 
States Armed Forces Institute, and (2) the school from 
which credit is desired evaluates the scores obtained 
on the examination. 

This paper describes the procedure for granting 
credit for high-school chemistry.!_ A brief description 
of the opportunities to learn while in the services, and 
of the specific steps for obtaining credit, is followed 
by a detailed analysis of the objectives and items of the 
test. Results from preliminary tryouts are discussed, 
aid some of the implications for instruction are noted. 
OPPORTUNITIES FOR CHEMICAL EDUCATION IN THE 
ARMED FORCES 


A variety of experiences may assist the serviceman 
to learn high-school chemistry. Knowledge of prin- 
ciples and information may result from training as 
darkroom photographic assistant, pharmacist, balloon 
gas man, chemical expert, decontamination specialist, 
medical laboratory technician, surgery technician, and 
chemical inspector. While in most instances the train- 
ing is not as comprehensive as in the usual high-school 
course, it may develop interests and some insights which 
the serviceman may supplement through one of a 
variety of types of off-duty educational activities. 
Although a few men may learn the material through 
the use of the library alone, the majority will be assisted 
either by correspondence courses offered through the 
United States Armed Forces Institute, or by participa- 
tion in informal off-duty classes in chemistry. The 


1 For description of the United States Armed Forces Institute 
test in college chemistry, see ASHFORD, ‘‘The college chemistry 
po of the Armed Forces Institute,” J. CHEM. Epuc., 21, 386 

944), 
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number of men studying chemistry by correspondence 
is increasing rapidly, and is expected to reach a peak 
during the period between cessation of hostilities and 
demobilization. 


ACCREDITATION 


In order to obtain academic credit in high-school 
chemistry for his study of chemistry in the armed forces, 
the applicant will take a secret form of the High-School 
Chemistry Examination prepared by the Examinations 
Staff. This staff is centered at the University of Chi- 
cago and is under the direction of Professor Ralph W. 
Tyler. The test will be administered by education 
officers in the camps, and will be scored by the Institute 
at Madison. The scores will be entered on a certificate. 
Each passing score will be characterized as ‘“‘with 
distinction” or ‘‘satisfactory.’’ One copy of the cer- 
tificate will be returned to the serviceman; another 
copy, together with considerable information about 
the man’s experience in service, will be sent, upon re- 
quest, to the school from which the man desires credit 
in chemistry. This school will probably then decide 
in one of the following ways whether or not it cares to 
grant credit: 

1. The school may establish norms for satisfactory 
achievement in its own chemistry course. This will 
be made possible by the use of an equivalent form of 
the examination prepared for civilian use by the Exami- 
nations Staff. (This form is available through 
the American Council on Education, 15 Amsterdam 
Avenue, New York 23, New York.) Comparison of 
the applicant’s score with the distribution of scores 
made by the students in the school will enable the 
assignment of a grade to the candidate on the same 
basis as regularly enrolled students. 

2. The school may accept national norms (to be 
released by the Examinations Staff in Fall, 1944) asa 
fair estimate of the achievement required for passing 
the course. This procedure is less desirable than the 
one above, for the reason that there is great variation 
in average performance from school to school and even 
from teacher to teacher. This is illustrated and dis- 
cussed further in connection with the results of pre- 
liminary tryouts given below. 

The granting of credit by examination requires the 
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assumption that the examination measures all the im- 
portant kinds of achievement realized through study 
of high-school chemistry. This assumption is ac- 
cepted by the majority of schools with regard to the 
tests of the Examinations Staff. The teachers and 
critics to whom the chemistry tests have been submitted 
are agreed that passing these tests is sufficient evidence 
for the granting of credit for a year of high-school 
chemistry. 


CONSTRUCTION OF THE TEST 


The procedure for constructing the test was dictated 
by modern concepts of sound evaluation of educational 
achievement. The steps were: 


1. Identification of all desirable major objectives for high- 
school chemistry. 

2. Analysis of each major objective into a group of specific 
behaviors which give evidence of the attainment of the 
objective. 

3. Selection of the specific behaviors to be tested, taking into 
account the homogeneity of the behaviors tested, the 
range of content or contexts to be sampled, and the 
relative importance of each major objective. 

. 


FORMULATION OF THE OBJECTIVES TO BE TESTED 


A summary of the objectives most commonly tested 
in high-school chemistry was obtained by a critical 
study of 19 published tests. The analysis showed that 
an average of 50 per cent of the items tested knowledge 
of facts in verbal, nonfunctional contexts; 30 per cent 
of the items were concerned with the skills involved in 
writing formulas and balancing equations; 9 per cent 
of the items were ‘‘thought’’ questions requiring ap- 
plication of learned pinciples to problems not studied 
in class; and 6 per cent of the items involved calcula- 
tions. 

The fact that these objectives are most commonly 
tested does not necessarily mean that they are regarded 
as the most desirable outcomes for instruction. The 
Examinations Staff therefore made a study of research 
concerned with the methods and rationale of instruc- 
tion in high-school chemistry (1, 2, 3, 4, 5, 6, 7, 8) in an 
attempt to describe more extensively and explicitly the 
range of specific objectives of instruction. 

These studies clearly show that the course in high- 
school chemistry in various schools reflects a philosophy 
varying from strong emphasis upon general education 
at one extreme to strong emphasis upon precollegiate 
technical training at the other. It has been found that 
from 60 to 80 per cent of the material taught in some 
schools is repeated in freshman college chemistry; 
this may be regarded as emphasis upon training for 
college work. This finding is not surprising, since the 
professional ability of many high-school teachers is 
judged by the success of their students in subsequent 
college chemistry courses. Many educators, however, 


question whether an extensive preview of college 
chemistry in high school is desirable, even as prepara- 
tion for college chemistry. 

Some schools attempt to teach a chemistry course 
which will contribute to the general aims of secondary 
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education. The best formulation of these major aims 
to date resulted from the analysis of thousands of 
statements made by a large number of high-school 
teachers regarding the primary objectives of their 
courses. This classification (9) produced by the Evalu- 
ation Staff of the Eight-Year Study under the direc- 
tion of Ralph W. Tyler, is: 


_ 


The development of effective methods of thinking. 

The cultivation of useful work habits and study skills. 

The inculcation of social attitudes. 

The acquisition of a wide range of significant interests. 

The development of increased appreciation of music, art, 
literature, and other esthetic experiences. 

6. The development of social sensitivity. 

7. The development of better personal-social adjustment. 

8. The acquisition of important information. 

9. The improvement of physical health. 

10. The development of a consistent philosophy of life. 


to 


ore oo 


The recognition and acceptance of these major ob- 
jectives does not imply that the appreciation of Picasso 
should be taught by high-school chemistry teachers. 
On the other hand, the elementary economics of chem- 
ical industries and the cooperative solution of laboratory 
problems is quite to the point. 

The Examinations Staff, bearing in mind the neces- 
sity for a comprehensive evaluation of achievement of 
both general education and preprofessional education, 
has attempted to develop a satisfactory classification 
of behavioral objectives which welds the various skills 
and abilities into a consistent whole. The nature of this 
rationale will become apparent from the discussion of 
the major objectives below; just as it is necessary for 
effective teaching to connect the subject matter logically 
in some sort of reasonable organization, so it is desirable 
to regard all behaviors in treating subject matter as 
complementary and interrelated. The final formula- 
tion of objectives is a list of approximately 100 specific 
behaviors classified under five major headings. These 
specific behaviors are believed to constitute the desired 
outcomes of learning high-school chemistry. The 
headings correspond to the most important general ob- 
jectives, and may be stated as follows: 

I. Information. 
II. Skills used in solving problems. 
III. Application of principles in familiar contexts. 
IV. Application of principles for prediction and explanation. 
V. Application of scientific method. 


A score is given for items relevant to each of these 
headings. Analysis of performance of classes which 
have taken the test demonstrates that these objectives 
are distinct. Evidence for this will be presented 
later. 

The following discussion describes each major ob- 
jective, lists the specific behaviors which provide evi- 
dence of achievement of the objective, and presents 
sample items for evaluating achievement of the ob- 
jective. The items will be considered from the stand- 
point of required knowledge of content, type of behavior 
involved in successfully answering the question, and the 
situation or context within which the content and be- 
havior are tested. 
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OBJECTIVES AND ITEMS OF THE TEST 
Section I—Information 


The general purpose of this section is to appraise 
the ability of the student to recall facts categorized as 
follows: 


(a) Information which makes possible a fuller life. 
The ‘‘things everyone should know” as a basis 
for reading popular magazines, communicating 
everyday experiences, using the gadgets of our 
technological age, pursuing hobbies, and the like. 
Items 1 through 11 test this information. 

(b) Information which is required to carry out the 
tasks of high-school chemistry or which is 
foundational for further work in the sciences. 
These are definitions, verbalized relationships, 
and tool information. These are tested by 
items 12 through 25. 


Information which cannot be classified in either 
category is not tested. 

Success in this part of the test is expected to depend 
primarily upon knowledge of information. The be- 
haviors required involve mostly recall of facts, in no 
case does success depend upon critical thinking, nor is 
the information tested in any but simple, probably 
familiar, situations. 

The specific objectives in this section. are concerned 
with the recall of facts sampled in 25 categories of in- 
formation, and each category is tested by a single item. 
The kinds of information are: 


Ability to identify the: 
1. Correct usage of a term for describing a property or process. 
2. Common name for important chemical materials. 
3. Relative abundance of elements or compounds in earth’s 
crust, etc. 
4. Name of the man who discovered an element, invented a 
process of manufacture, formulated a law. 
5. Chemical properties of compounds or gases which give 
rise to important societal problems. 
6. Properties of substances important in modern technology. 
. Names of chemical processes used for stated purposes. 
8. Approximate order of magnitude of certain quantities. 
9. Relationships between chemistry and biology. 
10. General use of substances containing given elements. 
11. Strategic materials or processes controlled by various 
countries. 
12. Formulas representing chemical substances. 
13. Simple reaction mechanisms expressed at a verbal level. 
14. Classes of chemical reactions. 
15. Rules of nomenclature. 
16. Mixtures and compounds presented in a list of substances. 
17. Definitions of words encountered in specific chemical 
contexts. 
18. Acids, bases, alloys, mixtures, etc., in a list of substances. 
19. Physical properties used in arranging substances in a par- 
ticular order. 
20. Substances by their properties. 
21. Chemical properties used in arranging substances in a par- 
ticular order. . 
22. Properties of specific substances expected from their mem- 
bership in a general class. 
23. Common types of chemical action. 
24. Products formed in certain important reactions. 
25. Factors which affect the behavior of substances. 
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Each item in this section is ‘‘focused’’ primarily to 
test one of the above content objectives. Thus, the 
item intending to test the ‘‘ability to identify the prop- 
erties of substances which make them important in 
modern technology”’ is: 


Item 6. What use might be suggested for a compound that 
decomposes rapidly with a large increase in 
volume? 

A. Explosive. 

B. Poison gas. 

C. Refrigerant. 

D. Cleansing agent. 

E. Oxidizing agent. 


Category 23, ‘‘Ability to identify the common types 
of chemical action’’ is tested by this item: 


Item 23. How does soap act in removing grease from a 
wooden floor? 
A. As an oxidizing agent. 
B. Asa neutralizing agent. 
C. Asan emulsifying agent. 
D. Asa catalytic agent. 
E. Asa dehydrating agent. 


Section II—Skills Used in Solving Problems 


The general purpose of this section of the test is to 
appraise the student’s ability to solve the quantitative 
problems of high-school chemistry. Two types of 
skills were identified: one leads to the correct writing 
of equations (items 26 to 32), the other leads to the solu- 
tion of numerical problems when the equation is given 
(items 33 to 40). In general, the first type consists of 
skills which can be rationalized through understanding 
of the quantitative connotations of chemical symbols; 
the second group involves understanding of algebraic 
and arithmetical manipulation as applied to chemistry, 
as well as knowledge of a few basic facts (e. g., one gram- 
molecular weight of a gas occupies 22.4 liters under 
standard conditions). 

Success in this section of the test is expected to de- 
pend upon the development of certain skills regarded 
as developed habitual modes of attack on common 
kinds of problems studied in class. 

The skills sampled in this section of the test are as 
follows: 


Ability to: 
26 and 27. Write the correct formula from the given name. 
28. Write the correct name for a given formula. 
29. Find the valence of an element in a compound. 
30. Write the formula.of a compound from the formulas of 
compounds containing the same ions or radicals. 
31 and 32. Balance an equation when the reactants and 
products are given. 
33. Find the formula weight of a compound. 
34. Find the number of gram-atomic weights of substances in 
an equation. 
35. Calculate the percentage composition of a compound from 
its formula. 
36. Calculate the weight of product expected from complete 
reaction of a given weight of reactant (equation given). 
37. Calculate the weight of one product from the weight of 
another product (equation given). 
38. Calculate the volume of a gas product from the given 
volume of-a gas reactant (equation given). 
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39. Calculate the weight of gas occupying a given volume at a 
given pressure. 
40). Calculate the new pressure of a gas from its initial pressure 
and the initial and final temperatures (volume constant). 
(Necessary atomic weights are given for problems 33 to 40, 
inclusive.) 


Each item in this section is focused upon one of the 
above skill objectives. Thus the item sampling skill, 
32, ‘‘Ability to balance an equation when the products 
and reactants are given” is: 


The following equation is correctly written 


except that it is not balanced: 


Item 32. 


Al +/NaOH — Na;Al0; + Hz 


When this equation is correctly written, what number appears 
in front of the He? 


A. 2 
B. 3 
C. 4 
D. 6 


E. None of these. 


Section ILI—A pplication of Principles in Familiar Con- 

texts 

The general purpose of this section of the test is to 
appraise the ability of the student to make use of 
fundamental principles to classify phenomena and to 
make simple predictions in conventional situations 
similar to those studied in class. The principles re- 
quired are generalizations about chemical behavior and 
are usually learned at the verbal level, 7. e., ‘‘an acid 
plus an oxide gives water.’’ They are here tested by 
seeing to what extent the student canmake use of them. 

Success in this section of the test requires very little 
recollection of specific facts, but it does require skill in 
using knowledge of common types of chemical behavior 
in simple situations. The composition of this section 
is evident from the following list of areas and objectives 
tested within each area. 


41-45. Area I: Chemical and physical change. 
Objectives: To classify a described change as physical only, 
or as chemical as well as physical. 
To decide when information is insufficient for 
decision. 
46-50. Area II: General behaviors of acidic and basic sub- 
stances. 


From a knowledge of the behavior of a substance, 
to classify the substance, as acidic or basic. 

To recognize behavior which is clearly not due to 
acidic or basic properties. 


Objectives: 


51-54. Area III: Activity and e. m. f. series. 
Objectives: Touse thee. m. f. series to predict: 
51. Which elements are most stable as judged by 
occurrence in nature. 
52. Which elements can displace others from 
their compounds in solution. 
53. Which elements will react with hydrogen ion 
most rapidly. 
54. What pair of elements will give the highest 
voltage in a simple cell. 
55-58. Area IV: General methods of preparing compounds or 
elements. 
Objectives: General: To be able to visualize the conditions 


under which various types of reactions occur. 
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Specific: To select the most appropriate ap- 
paratus setup to use to: 
55. Prepare a volatile base. 
56. Prepare an inactive metal from its salt. 
57. Synthesize a compound of a metal and 
nonmetal. 
58. Prepare a common metal from its oxide. 
Area V: Factors affecting rate of reaction. 
To decide which of the following factors is not 
useful in explaining a given fact: 
The rate of a chemical reaction is dependent upon: 
Temperature. 
Concentration of reacting substances. 
Area of exposed surface of reacting substances. 
Catalysis. 
Area VI: Atomic structure. 
From the Bohr representation of 3 atoms, to 
predict: 
64. The valence of an element. 
65. The formula of a compound. 
66. The atomic number of an element. 
67. The metallic or nonmetallic character of an 
element. 
68. The tendency of an element to lose or gain 
electrons. 


59-63. 
Objectives: 


64-68. 
Objectives: 


In Area I, chemical and physical change, the student 
deals with five statements such as this: 


A metal when heated develops a brownish scale 
which can be scraped from the surface of the 
metal. What change occurs? 

(The student classifies this in one of the three 
ways listed above, 41-45.) 


Item 41. 


A sample of the statements to be classified in Area 
II, general behaviors of acidic and basic substances, is: 


How would you classify an unknown which re- 
acts with sodium sulfite to form a gas which 
turns moist litmus paper red? 

(The student classifies the unknown in one of 
three ways listed above, 46-50.) 


Item 48. 


In the area of activity and e. m. f. series, the student 
is given a portion of the activity table containing six 
elements. In each of the items, 51—54, he is asked to 
make the judgments called for above with respect to 
three of the elements or pairs of elements. Sample: 


Which of the following metals would produce the 
most rapid evolution of gas when treated with 
dilute hydrochloric acid? 


Item 53. 


A. Ca 

B. Mn 

C; Co 

(These three elements are included in the table given the 
student.) 


A study of the possible means for evaluating the ob- 
jective concerned with “general methods of preparing 
compounds or elements’ led to the construction of the 
following item: 


In each of the problems, 55-58 below, decide 
which of these three commonly used laboratory 
setups would be most satisfactory. Mark an X 
in the box corresponding to the diagram which 
represents your choice. 

55. Purpose: To prepare a volatile acid. 

Materials used: A solid salt; an acid; a catalyst. 


Item 55. 
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Section I V—A pplication of Principles for Prediction and 
Explanation 

















The general purpose of this section is to appraise the 
student’s ability to apply chemical principles and theo- 
ries in situations which he has probably not studied 
formally. This is generally recognized as the most 
rigorous test of a student’s understanding of a subject. 
The section comprises six problems. Three of these 
are carefully chosen from the areas in which high-school 
students are usually taught a relatively comprehensive 
group of related principles: rate of reaction, kinetic 
molecular theory, and electrochemistry. The other 
three problems require less knowledge of theory but 
more common sense, in that the choice required is a 
reasonable solution of a practical problem. 

In each problem the student is required to perform 
two operations which, taken together, comprise the 
complete solution of the problem: (1) predict what will 
happen or select the most appropriate course of action; 
and (2) select from a list of theoretical statements, 
verbal generalizations, or statements of fact, the reasons 
which best explain this choice in (1). Experience shows 
that some students make accurate predictions but can- 
not support the predictions with sound reasons; some 
students cannot make good predictions but are ac- 
curate in picking out the relevant factors in the pre- 
diction or explanation; and others are about equally 
accurate in the two abilities. 

The following example illustrates the type of prob- 
lems used in this section: 


Aluminum kettles are often used for cooking 
acidic foods such as apricots, even though 
aluminum is known to be one of the most 
active of all metals. Which of the following 
treatments, if any, during manufacture of the 
kettles, to a large extent prevents corrosion 
of the kettles by the acid foods? 


Item 70. 


A. Coating with very resistant transparent 
varnish. 

B. Plating the inside with a special more re- 
sistant variety of aluininum. 

C. Heating the kettles in a high-temperature 
oven to harden the surfaces. 

D. No special treatment is necessary. 


Which of the following reasons explain your answer? 


1. The hydrogen formed during reaction with acidic 
foods coats the aluminum and prevents further 
reaction. 

2. Case-hardening of steel makes it more resistant to 

corrosion. 
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3. Aluminum oxide does not react with dilute acids. 

4. The reactivity of a metal depends upon its crystal 
structure. 

Many organic. liquids form hard acid-resistant films 
on aluminum. 

6. Nitrogen, an inert element, combines with alumi- 
num ata high temperature. 

Aluminum oxide is basic and neutralizes fruit acids 

A surface of pure aluminum cannot exist in air 

9. Electroplated aluminum is inactive. 


uw 


x 


Section V—A pplication of Scientific Method 


The general purpose of this section of the test is to 
appraise the ability of the student to exercise critical 
judgment about the formulation, execution, and inter- 
pretation of experiments. The objectives below were 
obtained from observation and analysis of behaviors in 
science classrooms in which the students were given an 
opportunity to develop experimental procedures. The 
listing of objectives is as follows: 


75. Tousea given source of information effectively 

76. Toselect the most appropriate source of information. 

77. To understand the purpose and functions of an experi- 
ment. 

78. To identify and rate the importance of factors in an 
experiment. 

79. To decide what information is relevant to the solution 
of a given problem. 

80. To select the steps in an experimental sequence, and to 
arrange them in proper order (to carry out an experi- 
ment efficiently). 

81. To decide which of several experimental procedures to 
employ for a given purpose (to test a given hypothe- 
sis). 

82. To decide when to use comparison standards or control 
groups in experimentation. 

83. To understand the use of preliminary experiments in 
setting up hypotheses. 

84. To evaluate existing experimental evidence which is 
relevant to a given investigation. 

85. To select experimental evidence which best supports a 
theory. 

86. To discover trends and relationships in numerical data. 

87. To select the soundest reason in explaining a chemical 
occurrence—to avoid the use of improper analogies, 
teleologies, and anthropomorphic statements. 

88. To understand the use of logic in forming a conclusion. 

89. To understand the nature of data and its tabular repre- 
sentation. Specific objectives are: 

To recognize that data should conform toobservationand 
to point out inappropriate entries. 

To recognize that data should be consistent, and to point 
out inconsistencies in data. 

To select the best heading for a table. 

To know how to proceed scientifically in a situation which 
is personally threatening. 
90. To interpret data correctly. Specific objectives are: 
To interpret the significance of the form of the curve 
representing this data. 

To recognize which generalizations agree with given data 
and to avoid unwarranted conclusions. 

To recognize assumptions about experimental factors 
which must be made if the data are to be interpreted 


Although the items testing these objectives have little 
similarity with each other, the behaviors are clearly 
related in scientific method. Two items show how 
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objectives 78 and 89 are tested; and provide a fair idea 
of the scope of the section: 


Item 78. An experiment is planned to find out which of 
two paints is most satisfactory for use on the 
outside of houses. Which of the following 
factors, if ignored, is least likely to cause an er- 
ror in the result? 

A. Humidity of the air. 

B. Heat conductivity of the paints. 

C. Intensity of sunlight. 

D. Temperature of air. 

E. Concentration of sulfur gases in the air. 

Item 89. A student performs some experiments and 
records his observations as follows: 


(III) Litmus Color 


Substances (1) Flame Color (II) of Solutions 
Na (1) Yellow (5) White solid Blue 
c (2) Catches fire (6) COz Red 
P (3) White (7) White cloud Red 
Cu (4) Green (8) Black solid (IV) 


The experiments consisted of heating the sub- 
stances either in air or in a bottle of pure 
oxygen, dissolving the product of the reaction 
in water, and then testing the acidity of the 
solution. 


Which of the items numbered 1, 2, 3, or 4 in the 
table contains information which is inconsistent 
with the other information in items 1-4? 

Which of the items numbered 5, 6, 7, or 8 con- 
tains information which could not have been 
obtained from tlie experiment alone? 

Which of the following should be filled in as a 
heading in Space II? 

9. ‘‘Appearance of reaction.” 

10. ‘‘Color of oxide formed.” 

11. ‘‘Appearance of product.” 

The bell at the end of the period rings before 
the student finishes the experiment, and he does 
not collect the information to fill in space IV. 
According to correct scientific procedure, what 
should he do? 

12. Leave the space blank. 

13. Look up the reaction in the book and 
fill in the correct information. 

14. Reason that since an oxide of a metal 
was formed the solution would turn 
litmus blue, fill in ‘‘blue.”’ 

15. Make arrangements to complete the 

experiment later. 


The development of critical judgment is believed to 
be appropriate for testing. Science teachers usually 
list some such objective as ‘‘the ability to think” as 
either their first or second most important aim. Few 
teachers at present, however, plan class activities to 
develop such abilities as those listed above. One re- 
action to this section of the test was that it ‘“‘measures 
intelligence, not chemistry,” a perfectly valid objection 
if the behaviors are not taught. It is of prime im- 
portance to recognize that ‘‘the ability to think’’ as 
typified above is not learned as an automatic concomi- 
tant of the study of chemistry. A controlled experi- 
ment, conducted by one of the present authors, showed 
an increase of only 9 per cent of the possible gain on this 
sort of item as a result of a year’s study of freshman 
chemistry. Another question which might well be con- 
sidered is the place of this objective in the curriculum. 
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Educators are agreed that the ability to think critically 
can be developed at every level and should be a major 
objective throughout the school years. 


PRELIMINARY ‘RESULTS FROM THE USE OF THE TEST 


No matter how much care goes into making a test 
the best evidence of the soundness of it is the actual 
performance of students in taking the test. A pre- 
liminary tryout form of the test was taken by 221 stu- 
dents who had just completed a year’s study of high- 
school chemistry. The students constituted eight 
classes in high schools in Oakland and Richmond, Cali- 
fornia; New York City; Washington, D. C.; Bir- 
mingham, Alabama; and Dallas, Texas. 

The average scores made by these students varied 
from section to section of the test, as might be expected. 
Assuming that the sections of the test are equally fair 
in their testing of the appropriate major objectives, 
the scores on the various sections of the test could be 
compared and estimates made of the relative achieve- 
ment of the students with respect to the five major 
outcomes tested. Of the possible scores in each section, 
the average percentage score was: 


CURT oo second peesh cae 44.6 
OS ee ar er ee 61.7 
| | ee 56.1 
IDRIS EY oo cs erscesic civacnnares 34.3 
LT TTC | aN gon ae eon te 43.3 


This may indicate that at the end of a year’s study of 
chemistry the students had their greatest competence 
in writing formulas, balancing equations, and solving 
simple type problems (II). Next comes knowledge 
of generalizations about chemical behavior and use of 
simple criteria for prediction (III). Miscellaneous in- 
formation (I) is sampled from a wider range of facts 
than is usually covered and the score may be low. 
Poorest of all is the ability to predict and explain what 
will happen in situations not studied formally (IV). 
These results are entirely reasonable and consistent 
with our knowledge of customary teaching practices. 
Specific skills are the most obvious outcomes to de- 
scribe and test; they are taught by drill—one of the 
simplest teaching procedures—and their importance 
to a student going on to college is obvious. The knowl- 
edge of chemical generalizations as here tested pertains 
closely to the most common sorts of laboratory ex- 
periences. Considering the fascination that laboratory 
work usually holds for students of high-school chem- 
istry, and in view of the clear-cut, easily demonstrated 
principles which constitute most of this section, achieve- 
ment would be expected to be relatively high. Knowl- 
edge of theory, as applied to new situations, on the other 
hand, probably requires the development of a rationale 
of thinking which distinguishes between facts and the- 
ories, and which makes clear the analysis of common 
elements in types of situations as the basis for deciding 
to what extent a theory which fits one situation can be 
used in another. 

The test was designed to be sufficiently difficult that 
the average score on the first three sections would be 
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(Tryouts gave an average of 53.1 
per cent.) Although it is common practice in many 
schools to regard 70 or 75 per cent as the passing score, 
the Staff attempts to obtain average scores of 50 per 
cent in order to have good discrimination throughout 


close to 50 per cent. 


the entire range of possible scores. In order to make 
possible a passing score of 70 per cent, an examination 
must include a large number of items so easy that most 
students can pass them; such items have little discrim- 
inating value except among widely separated levels of 
achievement. 

After the five scores described above were determined 
for each student the medians for each class were com- 
puted. Then the papers of all the students were put 
together and the distributions of all five scores were 
tallied. From each distribution, percentile ranks cor- 
responding to any given score could be ascertained; 
these ranks, of course, refer to the total population 
tested. Figure 1 shows the rank of the median score in 
each class relative to the total population. The classes 
are represented by lines 1, 2, 3, 4, 5, and 6. (Classes 
7 and 8 are not shown; their lines are as irregular as the 
others.) 

The most important point established from Figure 1 
is that no single score is meaning ful as an index of learn- 
ing of chemistry. The patterns of scores for the six 
classes shown are extremely diverse. In the first place, 
there are general differences in over-all ability—thus 
Class 2 varies between the 70th and 86th percentile as 
compared to the total population. (This class was a 
highly selected science-interest group.) Classes 1 and 
3 show very similar patterns, with Class 1 consistently 
higher than Class 3. A glance at the patterns for 
Classes 5 and 6 shows clearly that the five major out- 
comes tested are largely uncorrelated. ‘The scores meas- 
ure different abilities, and these abilities are achieved 
in different measure by different classes. 

The total score is not a good index of learning in chem- 
istry. The average score of each class for the test as a 
whole is given in the right-hand margin of Figure 1. 
For Classes 3, 4, 5, and 6 these scores are very nearly 
alike: 46.4 per cent, 49.4 per cent, 47.2 per cent, and 
46.4 per cent, respectively. Their achievement, how- 
ever, is diverse—as will become apparent from the 
following analysis of their patterns, remembering that 
the total scores indicate almost identical competence in 
chemistry. 

Class 3 is highest in quantitative aspects and ap- 
plication of critical judgment of experimental method, 
but lowest in recall. of facts and in ability to predict 
and explain phenomena in acceptable terms. Rela- 
tive to its other scores the achievement in scientific 
method is higher for Class 3 than for any of the other 
seven classes studied. 

Class 4 exhibits median performance throughout— all 
objectives were achieved about equally well. 

Class 5 has the most knowledge of generalizations 
about chemical behavior as required for Section III but 
is not very competent in applying these generaliza- 
tions in analyzing problems not studied in class. 
Understanding of experimental method and solution 
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of problems is poor. While Class 3 might be typified 
as displaying certain scientific competence, it seems to 
be predominately verbal. 

Class 6 appears to have developed ability in ex- 
planation and prediction, and in remembering facts. 
The other low scores suggest that laboratory work may 
not have been stressed—otherwise the knowledge of 
chemical behavior (Score III) would be expected to be 
more complete. Problems apparently were not em- 
phasized. 

These interpretations are subject to error, of course, 
but one conclusion seems clear: The use of a single total 
score, to the exclusion of part scores, may cover up signifi- 
cant differences in competence. 

(Note on the reliability of the test: The above con- 
clusions assume that the reliability of the test is suffi- 
ciently high that the variations among the classes must 
be due to real differences in achievement rather than to 
randomly distributed chance factors. The best esti- 
mate of reliability, particularly for a test such as this, 
in which each section covers related but not identical 
objectives, is obtained from the amount of agreement 
between results from two forms of the test. Such 


estimates should be available by autumn of 1944. 
Meanwhile, conservative estimates by the use of the 
Kuder-Richardson formula show that only a small part 
of the apparent differences between the groups can be 
accounted for on the grounds of unreliability.) 
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TEACHING AND THE ATTAINMENT OF OBJECTIVES 


The evidence available at present is suggestive, al- 
though scanty, since full information has not yet been 
received as to the methods and procedures used in the 
various classes. The teacher of Class 3 is known to 
emphasize quantitative aspects of science and the un- 
derstanding of scientific procedures, and to have de- 
veloped special class activities for teaching these skills. 
The teacher of Class 1 is known to place great em- 
phasis upon the relationships between chemistry and 
mathematics. Classes 4 and 5 were taught by different 
teachers in the same school; the classes were known 
to be similar, but we know little about the teachers 
except that the teacher of Class 4 has considerably 
more experience than the other. This evidence sug- 
gests that teaching can make differences, and that these 
abilities can be taught by appropriate procedures. 


VALIDATION OF THE TEST 


Validity is usually defined as the extent to which a 
test measures what it is designed to measure. The 
best measure of validity is the amount of correlation 
between results from the test under consideration and 
another test which is known to measure the desired 
outcomes. Since there is no such other test available, 
the Staff had to rely upon several more subjective 
procedures; no’ one estimate is conclusive, but agree- 
ment among independent estimates obtained by dif- 
ferent procedures would suggest a satisfactory validity 
for the test. 

Following are the bases so far employed in estimating 
validity of the test: 

1, Opinions of competent critics were obtained as to 
whether the objectives are sound and whether the 
items satisfactorily test the objectives. Four 
outstanding teachers were asked to characterize 
each of the specific objectives listed above in one 
of the following ways: 


(a) ‘‘I emphasize this objective particularly.” 

(b) “I consider this objective appropriate at the high- 
school level, and think it should be tested.” 

(c) “I consider this objective inappropriate or trivial.’ 


No objective was placed in category 3. Table 1 
shows how the objectives were ranked by the critics. 


TABLE 1 


NuMBER OF SpEciFIC OBJECTIVES ‘‘PARTICULARLY EMPHASIZED” 


Number of Critics Agreeing upon This 


Number of Rating 
Section of Test Objectives 4 3 2 1 0 
I 25 7 8 + 0 
II 15 7 5 2 1 0 
Ill 17 7 8 1 1 0 
IV 66 0 0 1 5 0 
V 21 5 7 4 2 3 


The summary of critics’ opinions above shows that 
all but three out of the 84 objectives are emphasized 
particularly by at least one critic. The majority of the 
objectives in Sections I, II, III, and V are emphasized 
particularly by either three or four of the critics. The 
lack of emphasis upon the objectives in Section IV is 
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desirable, for this section is concerned with prediction 
and explanation in unfamiliar situations. If all the 
particular predictions being tested had been emphasized 
in class, the section would be invalid. On the other 
hand, if no critic claims to emphasize the sort of pre- 
diction being tested, then the objective may be trivial. 

Table 2 shows the number of items believed by the 
critics to test satisfactorily the stated objectives. The 
rating was decided upon by comparing each item with 
its stated objective. 


TABLE 2 
NuMBER OF ITEMS CONSIDERED TO “‘TEST THE OBJECTIVE SATISFACTORILY’ 


Number of Critics Agreeing upon 


Number of This Rating 
Section of Test Items “4 3 2 1 0 
I 25 16 7 2 0 0 
II 15 14 1 0 0 0 
III 28 27 1 0 0 0 
IV 6 2 4 0 0 0 
Vv 22 19 3 0 0 0 


The critics appeared well satisfied that the items 
tested the stated objectives satisfactorily. The ratings 
not included in Table 2 were about evenly divided be- 
tween the characterizations “I think this item does not 
test the objective satisfactorily” and ‘“‘I am unable to 
decide whether or not this item tests the objective 
satisfactorily.”’ 

All items called into question by any of the critics 
have been carefully studied and, in most cases, re- 
written. 


2. There appears to be fair agreement between test 
results and prediction based upon knowledge of 
teaching procedures. The available evidence is 
presented above. 

3. The individual items discriminate between low- and 
high-ability students. Item counts of the num- 
ber of students in the upper and lower third of 
the population (with reference to each section) 
show very much better achievement on all but 
two of the items by the students in the upper third. 
These two items will, of course, be corrected. 
The performance of all the responses in all the 
items is being studied now, and changes will be 
made. Comments by the critics will be of assist- 
ance in this work. 


SECRET AND CIVILIAN FORMS OF THE TEST 


The secret form is for the exclusive use of the armed 
forces. The civilian form will be available to schools 
through the American Council on Education. Both 
forms were constructed from the same list of objectives, 
and the items are similar but not identical. The sample 
items above are from the civilian form, and the data 
presented come from tryouts of the secret form. 

Each test requires two hours for administration. 
Both are completely objective and are answered by 
putting X’s in boxes on a special answer sheet. Five 
scores are obtained from the test, and scoring of the 
tests is facilitated by use of a punched stencil. Answer 
sheets for electrical scoring are also available; the five 
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scores can be obtained on one run through the scoring 
machine. 

The two forms will be equated. It is probable that 
national norms will be available, but in view of the 
differences in patterns of scores from class to class it 
will be desirable for each school to interpret its own 
scores in terms of its own objectives and methods of 
teaching. 

It is hoped that these tests will not only assist in 
obtaining credit for demonstrated educational achieve- 
ment of servicemen but will suggest specific behaviors to 
be considered for inclusion among the objectives of 
existing courses. Teachers are encouraged to reproduce 
or use any part of the civilian form to assist them in 
evaluating and improving instruction in high-school 
chemistry. 
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A Simple Method for Preparing Replicas of Chromatograms 


BENJAMIN F. STIMMEL 


Rees-Stealy Medical Research Fund, Ltd., San Diego, California 


Strain! hascalled attention tothe fact thata chrom#ato- 
gram usually does not constitute a permanent record 
since the colors gradually become diffuse and indistinct 
after the flow of solvent through the column has ceased. 
For permanent exhibits, teaching purposes, etc., he 
suggested that replicas of chromatograms might be 
made by packing the columns with mixtures of stable 
dry pigments and siliceous earth. We have found the 
following simple method for preparing such permanent 
replicas very satisfactory. The materials are readily 
obtainable and the replica is easily and quickly as- 
sembled. 

A few shavings from a Crayola crayon’ of the de- 
sired color are added to 5 ml. of benzene in a small 
test tube (12 X 100 mm.) which is shaken until no 
more crayon goes into solution. The clear solution 





1 STRAIN, “‘Chromatographic adsorption analysis,’’ Jnd. 
Eng. Chem. (Anal. Ed.), 14, 245-9 (1942). 


? Crayola (school crayons) manufactured by Binney & Smith, 


New York City. 


is decanted into a similar test tube and 3 to 4 g. of pure 
talc are added. After thorough stirring and shaking, 
the solid phase is thrown down by slow centrifugation. 
The liquid phase is decanted and the test tube placed 
in a drying oven at 80° to 100° until the contents be- 
come dry. The dry cake is then broken up with a small 
spatula and the colored powder is added to the column 
at the desired point and tamped gently until a sharp 
leading boundary is obtained. In order to simulate 
the diffuse nature of most trailing boundaries’ the 
colored powder is successively diluted with increasing 
amounts of pure talc. If a sufficient number of dilu- 
tions of the colored powder are made, a graduation in 
color of the bands similar to that observed in real 
chromatograms is achieved. 

For our chromatographic replica, we interspersed 
such colored zones on a column of anhydrous alumina. 

§ The author wishes to thank the reviewer, Dr. H. H. Strain 


for this helpful suggestion for achieving a more faithful replica of 
the trailing boundary. 


A new cyclotron, or atom smasher, weighing 225 tons and capable of generaiing 
atom-smashing projectiles of 15,000,000 electron volts energy, has just been placed in 


operation by the Carnegie Institution of Washington. 
underground to prevent its radiations from reaching people outside. 
to cyclotron radiations of much less intensity, died within a few hours. 


The cyclotron is housed 10 feet 
Mice, exposed 








Report ofthe i 
NEW ENGLAND ASSOCIATION 3 
of CHEMISTRY TEACHERS | °: 


REPORT ON THE SIXTH SUMMER sideration of postwar teaching problems in the sciences, 

CONFERENCE and 18 other papers on general topics. Additions to 

UNDER the able guidance of Chairman Carroll B. the program as om bc the July issue of the Report, C - 

Gustafson of the Massachusetts College of Pharmacy, P®@8* 361, are as follows: oe , 

the N.E.A.C.T. met at Connecticut College at New Oe Sli oe. - 
: 9 QR - enou physics or chemistry come first: e arton Oag, 

London, Connecticut, from August 24 to 28, 1944, for TCAD. Aundeane, Meee Lain, Canasta oe 


the Sixth Summer Conference. The program im- “Highlights and sidelights on research,” Fred J. Allen, Purdue istry 
cluded a symposium on oxidation-reduction, a con- University, Lafayette, Indiana chars 


Th 
game 
Colle 
high- 
teries 
Jural 
presi 
and \ 
or" 
The 
the te 
Hoyt 
C.W 
A let 





John. 
Franci 
Can 
Esther 
Mas 
Walter 
S1xTH SUMMER CONFERENCE COMMITTEE Henry 
Front row: Zelda J. Lurie, New Britain, Connecticut; Millard W. Bosworth, Vermont Academy, Saxtons River, Vermont; Hav 
Theodore C. Sargent, Swampscott High School, Swampscott, Massachusetts; Carroll B. Gustafson (Chairman) Massa- Edwar 
chusetts College of Pharmacy, Boston, Massachusetts; John R.Suydam (Chairman for the 7th Summer Conference) St. nect 
Marks School, Southboro, Massachusetts; Donald C. Gregg, Amherst College, Amherst, Massachusetts; Leallyn B. Ray ¢ 
Clapp, Brown University, Providence, Rhode Island. M " 
Second row: Gretta L. Dyas, Milton, Massachusetts; Ina M. Granara, Simmons College, Boston, Massachusetts; John A. kK k = 
Timm, Simmons College, Boston, Massachuetts; Irwin B. Douglass, University of Maine, Orono, Maine; Raymond S. uth 
Tobey, Medford, Massachusetts; Evelyn L. Murdock, Westerly, Rhode Island; Rev. Joseph A. Martus, S.J. (Treasurer), sach 
Cranwell Preparatory School, Lenox, Massachusetts. Raym« 
Third row: Helen Crawley (Secretary) Needham, Massachusetts; Elizabeth S. Hollister, New London, Connecticut; Mary Con: 
C. McKee, Connecticut College, New London, Connecticut; Norris W. Rakestraw, Brown University, Providence, Rhode Harry 
Island. M 
Not present: Clinton S. Johnson, Rhode Island College of Pharmacy, Providence, Rhode Island. " 


516 











ices, 
is to 
ort, 


loag, 


rdue 





OcTOBER, 1944 


‘“‘High-School graduates in industrial laboratories,’’ Jane 
Hastings, General Electric Company, Pittsfield, Massa- 
chusetts 

‘‘The science teacher of the future,”’ Gerald Wendt, Science 
Editor, Time, Inc., New York City 

‘The electron microscope,” M. C. Banca, R.C.A., Camden, 
New Jersey 

‘The possibilities of the wood chemical industry of the north- 
east,’’ Robert S. Aries, Northeastern Wood Utilization 
Council, New Haven, Connecticut 

“Postwar teaching problems in the sciences,” 
Ehret, New York University, New York City. 


William F. 


The paper by A. A. Lawrence of the Dow Chemical 
Company entitled, ‘‘Vital materials from the sea,’’ was 
broadcast over Station WNLC, New London. 

The success of the conference was due in large meas- 
ure to the efforts of Dr. Mary C. McKee of the Chem- 
istry Department of Connecticut College, who had 
charge of local arrangements. 

The social highlights were the picnic and softball 
game held at the outdoor theater near the lake in the 
College Arboretum. The college professors beat the 
high-school teachers in the softball game 14-5. Bat- 
teries: College, Timm and Swinnerton; High-School, 
Jurale, Martus, Blair, and Weaver. The six past 
presidents of the Association were honored at the picnic 
and were rewarded by being allowed to render one verse 
of “‘East Side, West Side” for the rest of the group. 
The six men were Augustus Klock, president during 
the term 1909-11, Charles H. Stone, 1920-22, S. Walter 
Hoyt, 1922-24, Norris W. Rakestraw, 1932-34, Elbert 
C. Weaver 1934-36, and Theodore C. Sargent, 1942-44. 
A letter from the oldest living past president, Albert 
S. Perkins (1905-7), was read to the group. 

The total registration for the conference was 133. 
Thirteen members and two guests have attended all 
six summer conferences: Charles E. Dull, Mary B. 
Ford, Mr. and Mrs. G. C. Greenwood, Elizabeth S. 
Hollister, Mr. and Mrs. S. Walter Hoyt, Alfred R. 
Lincoln, Evelyn L. Murdock, Norris W. Rakestraw, 
Theodore C. Sargent, Elsie S. Scott, John R. Suydam, 
Elbert C. Weaver, and Harry F. Wiley. 


NEW MEMBERS 


John. K. Bodel, Jr., Hotchkiss School, Lakeville, Connecticut 

Francis K. Burr (Monsanto Chemical Co.), 43 Linnaean St., 
Cambridge, Massachusetts 

Esther B. Garber, 290 Massachusetts Ave., Cambridge 39, 
Massachusetts 

Walter W. Holt, Acton High School, Concord, Massachusetts 

Henry S. Johnson, Connecticut College of Pharmacy, New 
Haven, Connecticut 

Edward L. Kehoe, Naugatuck High School, Naugatuck, Con- 
necticut 

Ray S. Kelley, Massachusetts College of Pharmacy, Boston, 

Massachusetts 

kuth T. Lindquist, Lassell Junior College, Auburndale, Mas- 

sachusetts 

Raymond A. Lumley, State Department of Education, Hartford, 

Connecticut 

Harry E. Redeker, U.S.N.R., U. S. Naval Academy, Annapolis, 

Maryland 
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Joseph H. Rohloff, Aldrich High School, Lakewood 5, Rhode 
Island 

Marion L. Stine, Weequahie High School, Newark, New Jersey 

Renzo Volterra, 6 Third St., Attleboro, Massachusetts 

Lois Woodford, American Cyanamid Company, 1937 W. Main 
St., Stamford, Connecticut 

Mary E. Yarbrough, Meredith College, Raleigh, North Carolina 


1944-45 SCHEDULE 


The following meetings are planned at present for 
the year 1944-45. The meeting on December 9 will 
be held jointly with the Eastern Association of Physics 
Teachers and the New England Biology Teachers As- 
sociation. 


227th meeting, October 21, 1944, at Phillips Exeter Academy, 
Exeter, New Hampshire 

228th meeting, December 9, 1944, Central Division 

229th meeting, February 3, 1945, Southern Division 

230th meeting, March 17, 1945, Western Division 

231st meeting, May 5, 1945, Central Division 


OFFICIAL BUSINESS 


The Executive Committee appointed Donald C. 
Gregg, Amherst College, Chairman of the Western 
Division to take the place of Rev. Joseph A. Martus, 
S.J., who is leaving for the West Indies. 

The following report of the Treasurer was approved: 


Balance on hand July 1, 1948......... $ 429.33 
Assets for year 1943-44.............. $1466. 54 

OL eee ee ae pete ee $1895.87 
Expenditures for year 1943-44. . $1185.68 
Balance on hand July 1, 1944......... $ 710.19 


John R. Suydam, St. Marks School, Southboro, 
Massachusetts, was appointed Chairman of the 
Seventh Summer Conference for next year. 

The Association voted to become a member of 
National Science Teachers Association, a new national 
service organization. ; 

The Executive Committee proposes to print the 
manual this year about January 1, 1945, and make it 
available to all members. 


ELWIN DAMON 


The Association has lost another of its stalwart mem- 
bers in Elwin Damon,.who died Thursday, August 3, 
1944, at the Keene Hospital. Mr. Damon had been 
ill since April of this year. 

Mr. Damon was born in Pembroke, Massachusetts, 
December 13, 1871, a son of Bailey and Louisa (Taylor) 
Damon. He was graduated from Bridgewater Normal 
School in 1891. He taught in Seabrook and Dennisport, 
Massachusetts, before going to Lancaster, New Hamp- 
shire, where he taught in the High School for 24 years. 
Twenty-six years ago he became science instructor at 
the Keene, New Hampshire, High School. 

Joining the New England Association of Chemistry 
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ELwin DAMON 
1871-1944 


Teachers in 1914, Mr. Damon has been active in its 
work for the past 30 years. Subsequent to the expan- 
sion of 1921, he became a member of Mr. Segerblom’s 
Committee of the Northern Division and succeeded 
him as Chairman of the Northern Division, serving 
in this capacity for two years, 1925 and 1926. He be- 
came the 19th president of the N.E.A.C.T. serving two 
years, in 1930-32. After retiring from the presidency, 
it was not possible for a man of Damon’s energy to be- 
come inactive. He has served as a member of many 
committees, among which may be mentioned President 
Keirstead’s General Chemistry Committee in 1939-40. 
He was appointed a member of the Necrology Com- 
mittee by President Foster in 1941 for a five-year term. 


We scientists, I think, are peculiarly apt to lose our sense of proportion. 
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He is one of the few members who has attended all of 
our Summer Conferences, and was eagerly looking 
forward to our Sixth Summer Conference when he was 
taken ill. Members who were at the Fifth Summer 
Conference at Andover will remember the sincere 
tribute rendered Mr. and Mrs. Damon on the occasion 
of the 50th anniversary of their wedding. 

Mr. Damon’s activities were by no means limited 
to his work in School and Association. He was Past 
Noble Grand of the Odd Fellows fraternity and has 
held office in the Encampment and Canton in Lan- 
caster. He was a member of the Rebekah Lodge in 
Keene and a former director of the Unitarian Church. 
He was a member of the local rationing board from its 
inception. 

Married in Seabrook, New Hampshire, August 28, 
1893, Mrs. Damon, the former Bertha Locke, survives 
him. He also leaves a son, Donald Bradford Damon, 
of Louisville, Kentucky; a granddaughter; and two 
sisters, Mrs. Carleton Cushing and Mrs. Nettie Wade, 
both of North Abington, Mass. 

The funeral of Elwin Damon was conducted in the 
Unitarian Church by the pastor, Rev. William W. 
Lewis. The Keene High School faculty and several 
local groups with whom he had been associated at- 
tended in a body. The Keene War Price and Ration 
Board and the Odd Fellows and Rebekahs were present. 
At Woodland Cemetery an Odd Fellows committal 
service was conducted at the grave by Leslie J. Fraser, 
Noble Grand of Beaver Brook Lodge, and E. Frederick 
Lane, Chaplain. Bearers included Superintendent 
of Schools Lawrence O. Thompson, Headmaster 
Raymond E. Claflin, G. Arthur Houston, Theron L. 
Yost, and Charles R. Dresser, high-school teachers. 

Reverend Lewis’ tribute follows: ‘Qualities of 
human service are measured by a man’s devotion to 
that in which he believes. Elwin Damon was a man 
of noble character, wide culture, and deep experience, 
and eminently successful in his chosen work. 

“To the profession of teaching he has given his life. 
Nowhere in life is there greater ability for a man to 
transmit values of life than by living contact. His 
influence over boys and girls is a living truth of his 
immortality. He was always true to himself and, 
therefore, honest with others.”’ 


RAYMOND S. TOBEY 
S. WaLTER Hoyt, Chairman 
NECROLOGY COMMITTEE 


We de- 


scribe a bug not previously recorded; we make an experiment never performed before; 
and our discoveries are so exhilarating that we are apt to magnify our own importance 
and, like Aesop’s fly resting on the axletree of a chariot wheel, marvel at the cloud of dust 


we raise. 


We need the corrective of history and literature, which gently teach us our 


proper place.—Howard B. Adelmann in The American Scholar 
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RECENT BOOKS 


THE STANDARDIZATION OF VOLUMETRIC SoLuTiIons. R. B. 
Bradstreet. Second Edition. Chemical Publishing Com- 
pany, Inc., Brooklyn, New York, 1944. viii + 151 pp. 
13.5 X 21cm. $3.75. 

“Ordinarily, a standardized solution is a means to an end and 
not the end itself. Therefore, a set of good methods for pre- 
paring such solutions is very welcome .... In this book, the 
author has gathered together methods which have stood the test 
of laboratory experience, and has described them in a concise 
manner all ready for rapid laboratory use. This book is not for 
the beginner, since it presupposes a general knowledge and 
practice of analytical chemistry. It is a handy reference work 
for the man who must hurry to get his results. The discussions 
of the methods and their good and bad points are short and very 
useful. The text is replete with helpful hints, equations, tables 
of important data, expressions for calculating normalities, etc.” 

Harry L. Fisher, who wrote this Foreward, continues: ‘’The 
writer believes that his friend and former associate has done his 
self-appointed task well.’”” The reviewer does not subscribe 
wholeheartedly to this judgment. Parts of the book are good, 
but the three introductory chapters are very weak. They deal 
with general considerations such as the basis of the normal sys- 
tem, temperature effects on the strength of solutions, calibration 
of apparatus, theory of indicators, etc. The treatment is not 
extensive enough to have much, if any, value for either novices 
or experienced analysts. 

Chapter IV (pp. 31-47) gives a résumé of the literature on 
about 50 primary standards. This compilation, with its numer- 
ous references to the literature, is a good piece of work. In all 
likelihood, the author had no first-hand acquaintance with a 
good many of these standard substances, and consequently has 
not made definite recommendations. : 

Chapters V, VI, VII (pp. 48-100) describe the preparation 
and/or standardization of solutions of HCl, H2:SO,, NaOH, 
KOH, Ba(OH):z, NH,OH, K(NH,)CNS, AgNO;, KyFe(CN)e, Is, 
NaeS203, KMnQ,, K2Cr2O7, FeSO, As2O;, KBrO;, KIO;, Ce(SO,)e. 
Alternative methods are given in many instances. The author’s 
familiarity with these procedures is quite apparent and they may 
therefore be taken as reliable. Nowhere in this book is there 
even mention of expressing the strength of a solution in terms 
other than ‘‘normality.” Likewise, factor weight solutions, etc., 
are entirely neglected. Chapter VIII (pp. 101-112) discusses 
solutions of IC] (Wijs), IBr (Hanus), ICNS, chloramine-T, 
Ca(OCl)2, NaClOs, TiCl;, Mnz(SO,)3. Each of these four chap- 
ters is provided with many references to the original literature. 
However, the latest entries are dated 1939, even though this 
edition appeared in 1944. There is very little difference be- 
tween this ‘‘completely revised and enlarged” edition, and the 
original that appeared in 1938. 

There is a definite need for a comprehensive, well-planned, 
carefully written text on this important subject. This book pro- 
vides a start, but it certainly does not fill the bill. The price is 
absurdly high. 

RALPH E. OESPER 


UNIVERSITY OF CINCINNATI 
CINCINNATI, OHIO 


HacKu’s CHEMICAL DicTIONARY (American and British usage) 
Revised and edited by Julius Grant. Third Edition. The 
Blakiston Company, Philadelphia, 1944. xii + 925 pp. 
Illustrated. 17 X 25cm. $12. 

Because of the untimely death of the author of this well-known 
dictionary, Ingo W. D. Hackh, the work of preparing the third 
edition has been the task of his former British collaborator, Dr. 
Julius Grant. Incarrying out this work, Dr. Grant has preserved 
the style and format of the earlier editions but has eliminated or 
toned down some of the innovations sponsored by Dr. Hackh 
which were not generally accepted by chemists, such as the struc- 
tural symbols and shorthand methods for representing chemical 
compounds. The most important change is the omission of the 


key for pronouncing chemical terms, which, according to Dr. 
Grant, ‘‘can be of little real use while every chemist remains a 
law unto himself on such maiters.’’ The number of definitions 
has been increased from 50,000 to 57,000, and each has been re- 
written, where necessary, to remove ambiguities and inaccura- 
cies. Italics are now used for cross references. Some saving of 
space has been accomplished by more efficient type setting with 
a corresponding reduction in the number of pages from 1020 to 
925, and in compliance with war restrictions, the paper is thinner 
but still sufficiently opaque to be quite satisfactory. In check- 
ing through a list of terms which have been added to the vocabu- 
lary of the chemist in recent years the reviewer noted no omis- 
sions; both British and American usage are reflected. This 
dictionary in the greatly improved third edition should receive 
wide acceptance and the authors and publishers deserve praise 
for their efforts in making it available. 
LAURENCE S. FOSTER 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


CELLULOSE AND CELLULOSE DERIVATIVES. (High Polymers. A 
Series of Monographs on the Chemistry, Physics, and Tech- 
nology of High Polymeric Substances. Volume V.) Editor, 
Emil Ott, Director of Research, Hercules Powder Company, 
Wilmington, Delaware. Interscience Publishers, Inc., New 
York, 1948. xix + 1176 pp. 288 figs. 102 tables. 15.5 x 
23.5cem. $15. 

This treatise is Volume V in ‘‘High Polymers,” a series of 
monographs on the chemistry, physics, and technology of high 
polymeric substances. Volume IV in the series contained a dis- 
cussion of cellulose but in Volume V the treatment is greatly ex- 
panded. This book of 1176 pages consists of 46 essays by 35 
contributors. 

The list of contributors contains the names of two government 
chemists, ten chemists associated with research institutes, twenty 
industrial chemists, and only three university chemists. The 
latter three are immigrants from Europe and in the case of two of 
them the main bulk of their published work has been done on that 
continent. The conclusion can be drawn correctly that the sub- 
ject of cellulose has never greatly interested American university 
investigators. On the other hand, the great economic importance 
of the cellulose industry has led to many contributions, especially 
those of a technological nature, from American industrial chemists. 
The statement is made by one of the contributors (W. E. Gloor) 
that American government statistics show that the cellulose and 
closely related industries constitute 25 per cent of the national 
total in product valuation. The roll of cooperating atthors 
includes the names of two members of the technical staff of the 
Du Pont Company, and the editor is to be congratulated on his 
ability to break the customary silence of this important group of 
American cellulose technologists. It is to be regretted that only 
American residents are included in the contributing authors. A 
more international flavor would have been desirable. It would 
seem that even in these troublous times, some contributions could 
have been arranged from the Canadian and English workers, 
among whom are a number of very outstanding investigators 
As an apology for this general situation, the editor’ states that 
many of the authors received their training in European centers. 

The introductory statement of the editor that a historical 
treatment would not be essayed, is followed almost immediately 
by one of the best historical surveys (by Purves) of cellulose 
chemistry the reviewer has seen. Throughout the book, the his- 
torical treatment has been adequate. Indeed, without this, there 
is no true scholarship. 

The review of the organic structure of the cellulose molecule by 
Purves is excellent and detailed but it leaves the reader with the 
impression that the structural formula of cellulose is a closed book. 
As a matter of fact, the data assembled are far from satisfying the 
exacting criteria laid down by organic chemistry for the estab- 
lishment of a structural formula. There is nothing in the presen; 
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conceptions to account for the high sensitivity of the molecule 
toward oxidation by air in alkaline solution (cuprammonia) or 
suspension. No mention is made of the results of Jackson and 
Hudson (1938) on the hydrolysis of periodate-oxidized cellulose 
to glyoxal and erythrose, a result which was a beautiful con- 
firmation of the presence of the 2,3-glycol grouping. More em- 
phasis might be given to the structural and chemical implications 
of the heterogeneous and complete deuterium exchange reaction 
of cellulose as measured by Champetier and Viallard (1938). 
In the section on base-exchange properties by Sookne and Harris, 
a carboxyl group suddenly appears in the cellulose molecule, al- 
beit in a rather doubtful status for ‘‘native”’ cellulose. 

An excellent exposition of the kinetics of cellulose hydrolysis is 
given by Mark and Harris. In the discussion by Rutherford and 
Harris of the behavior of cellulose toward oxidizing agents and 
light, no mention is made of the extreme sensitivity of cupram- 
monium solutions of cellulose toward these agents. 

The development of the application of the x-ray techniques to 
cellulose as outlined by Sisson, constitutes a fascinating chapter 
in cellulose chemistry. The reviewer has never been satisfied 
with the terminology of the cellulose x-ray workers. After having 
spent some years of work in laboriously attempting to crystallize 
sirups, it seems sacrilegious to term glibly a material like cellulose 
‘“‘crystalline.’” Some other name would be desirable. The situa- 
tion is not improved by employing the term “crystallite’’ for 
“micelle.” After having placed cellulose on a ‘‘crystalline”’ 
basis, the direction of matters is now reversed and throughout 
the book the old but recently revived concept of ‘‘crystalline”’ 
and “‘intercrystalline’’ portions of cellulose seems to be the 
fashionable theme. It becomes the universal elixir, the panacea 
for all difficulties, and is used to explain well nigh anything. A 
peculiar, wavering treatment of the cellulose particle theory by 
Sisson is finally settled by a small footnote reference to the elec- 
tron-microscope work of Barnes and Burton. As pointed out 
later in the text, the particle theory of cellulose structure did 
stimulate a great deal of work. The reviewer doubts the quota- 
tion, on page 281, from Japanese workers, that any form of cellu- 
lose, even ‘‘water cellulose,”’ is stable toward mineral acids. 

The essay by Norman on the carbohydrates normaily asso- 
ciated with cellulose in nature, shows that this difficult field is 
admittedly in a very elementary state. The reviewer recom- 
mends the lignin chapter by Brauns as a brief and clear summary 
of the structurally significant portions of the many publications 
on the subject. 

The section on cellulose derivatives is noteworthy and authori- 
tative. Although these materials are soluble and optically ac- 
tive, no rotatory data are cited for any. The extremely interest- 
ing reaction of denitration by hydrosulfide is barely mentioned. 
More information is needed on the properties of cellulose sul- 
fates, particularly in relation to cellulose nitrate stabilization. 
It is the reviewer’s experience that some carbohydrate sulfates 
are remarkably stable toward hydrolysis. It would appear that 
the alkali cellulose problem might be illuminated by more as- 
siduous attempts to apply equilibrium concepts, so successfully 
accomplished for the nitration reaction. After a little labora- 
tory experience, the reviewer is interested to note that even the 
industrial experts admit that ‘‘the production of cellulose ethers 
still remains an art that is learned by experience.”’ 


An excellent summation of the present status of the physics 
of the high-polymer conception of cellulose is contained in the 
section on the physical properties of cellulose and derivatives. 
The contributors to the theoretical development of this subject 
are Spurlin, Huggins, and Mark. Some technical aspects are dis- 
cussed by Pfeiffer, Osborn, and Nickerson. 

To the reviewer, ensconced in his vine-covered cloister of 
academic uselessness, the essay by Gloor on the technical appli- 
cations of the physical properties of cellulose and its derivatives, 
is extremely fascinating although no doubt it is rather trite read- 
ing for the industrial chemist. 

In accordance with what might be expected from a group of 
cellulose experts, the quality of paper stock in the book is above 
the present national average. 
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To summarize, the reviewer believes that this book very ade- 
quately fulfills a great need for a modern and authoritative treat- 
ise on cellulose and its technology. While the structural end is 
not neglected, perhaps the main emphasis has been on the treat- 
ment of cellulose and its reactions from the standpoint of the new 
concepts of high-polymer chemistry. This is in order. That 
the field of cellulose chemistry is vital and active is illustrated 
by the fact that just before the book went to press, a considerable 
amount of work appeared on the investigation of cellulose by the 
electron microscope technique. Most of these publications are 
merely cited and time did not allow of their discussion. Thus it 
should be evident that the field of carbohydrate chemistry is 
still a very active one and not all of the work therein was com- 
pleted by Emil Fischer and his coworkers. 

M. L. WoL_FrRoM 


THE Onto STATE UNIVERSITY 
Co.umBus, OHIO 


A MANUAL FOR EXPLOSIVES LABORATORIES. Supplement Num- 


ber Two. G. D. Clift, B. T. Fedoroff,and D.G. Young. Lefax 
Society, Inc., Philadelphia, 1943. 122 pp. 9.6 X 17.6 cm. 
$1.00. 


‘Manual for Explosives Laboratories, Supplement Number 
Two” is a most welcome addition to the Manual and Supplement 
Number One (see JOURNAL OF CHEMICAL EpucaTION, August, 
1943). The second supplement contains an excellent subject 
index, as well as descriptions of laboratory methods not found in 
the previous sections. They include methods used in the ex- 
plosives industry and methods used in other fields, such as fuels, 
water purification, mineral acids, sodium sulfite, etc. 

This manual will not only be welcome to the men working in 
explosives laboratories, but it should be used in the technical 
laboratories of universities. It shows the broad scope of the 
activity of the analytical chemist in one of the most modern in- 
dustries. 

E. BERL 


CARNEGIE INSTITUTE OF TECHNOLOGY 
PITTSBURGH, PENNSYLVANIA 


HANDBOOK OF CHEMISTRY, Norbert A. Lange, Lecturer in chem- 
istry at Cleveland College of Western Reserve University, 
Compiler and Editor; assisted by Gordon M. Forker, General 
Electric Company, Cleveland, Ohio; with an appendix of 
mathematical tables and formulas by Richard S. Burington, 
Associate Professor of Mathematics at Case School of Applied 
Science. Fifth Edition. Handbook Publishers, Inc., San- 
dusky, Ohio, 1944. 2092pp. 14 X 20cm. $6.00. 


The most important change claimed for the fifth edition of this 
well-known handbook, now in its 11th year, is the complete re- 
vision of the Tables of Physical Constants of Organic Com- 
pounds, where 6507 compounds are listed with a corresponding 
list of more than 3500 synonyms. Where possible, Beilstein 
references are included. Other tables which have been revised 
are the following: Organic Reagents for Inorganic Analysis; 
Common Hazardous Chemicals; Vitamins; Drinking Water 
Standards; Standard Calibration Table for Chromel-Alumel 
Thermocouples; Probable Values of the General Physical Con- 
stants; Densities of Aqueous Solutions of Hydrochloric, Nitric, 
and Sulfuric Acids; and Trade Names of Chemicals. The 200- 
year calendar hasbeen increased to 300 years. New tables include 
Deming’s Periodic Table and lists of Flammable Liquids; Flame 
Temperatures; Plastics; Fluorescence of Chemicals, Minerals, 
and Gems; and Water for Industrial Use. 

The quality of the paper used in this war edition is excellent, 
the flexible binding is very satisfactory, permitting the book to 
lie open at any page, and the type style is very readable. The 
editor is to be commended for the continued excellence of this 
useful handbook. 

LAURENCE S. FOSTER 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 








TS 
in 
milit 
“reco 
that 1 
over, 
ever, 
just 
certai 
are a 
more 
WI 
first c 
field. 
see le 
betwe 
well-c 
be all 
of ors 
schoo 
ricula 
high-s 
chemi 
organ 
Chem 
New | 
ers We 
At 
have | 
perier 
too of 
easy 1 
we he 
really 
upon | 
funda 
dange 
that v 
dom c¢ 
numb 
impre: 
still d 
where 
loppec 
we ha 
Tace t 
that t 
old, ot 
Whi 
ing off 
analys 
we mu 
chemic 





eat- 
new 
‘hat 
ited 
able 
the 
are 
iS it 
y is 
om- 


1m- 
fax 


ber 
ent 
ist, 
ject 
lin 


els, 


rin 
ical 
the 
in- 


ity, 
ral 

of 
‘on, 
ied 
an- 


his 


ym- 
ing 
ein 
sed 
sis; 
ter 
nel 
on- 
ric, 
00- 
ide 
me 
als, 


nt, 
to 
The 
his 








Editors 


7 SEEMS only a little while ago that we were adapt- 
ing our curricula in science education to meet the 
military requirements; now we can foresee the rush to 
“reconvert” to peacetime needs again. We only hope 
that we are not too precipitate; the war is by no means 
over, although the way looks pretty clear ahead. How- 
ever, there is such a thing as being prepared for peace, 
just as important as preparation for war. We were 
certainly caught short in our war preparations; if we 
are as shortsighted in the coming stage it can be even 
more nearly disastrous. 

Whither the future of science education? Let us 
first consider the question as it applies to the high-school 
field. Whether we like it or not, the future will probably 
see less emphasis, at this level, upon the distinctions 
between the sciences. If this leads to a long, strong, 
well-correlated sequence of science instruction it will 
be all to the good, even though the strength and prestige 
of organized groups of chemistry teachers in the high 
school may suffer. As a ‘“‘content’’ unit, if not a ‘‘cur- 
ticular” one, chemistry will always have a place at the 
high-school level, and the future encouragement of 
chemistry teaching there will largely come from such 
organizations as the New England Association of 
Chemistry Teachers or the Chemistry Teachers Club of 
New York, in which both high-school and college teach- 
ers work out their teaching problems together. 

At the higher levels temptations will beset us. We 
have learned habits both good and bad during our ex- 
perience with ‘‘military’’ scientific education. We have 
too often, by necessity, been doing things the quick and 
easy way. Although working longer hours than usual 
we have nevertheless become lazy, in the sense that 
really matters. Too much of our attention has been 
upon gadgets and quick results, and too little upon the 
fundamentals of sound educational practice. There is 
danger that our students may get the impression—and 
that we ourselves may even come to believe—that wis- 
dom can somehow be attained by doing the minimum 
number of the right things at the right time. Such an 
impression may result from the assumption that we are 
still doing our same old job at the same old stand, 
whereas we are not doing anything of the sort. We have 
lopped off something here and something there, until 
we have scarcely anything left but a mad, accelerated 
trace to get the halls cleared of the present crowds so 
that the new, incoming ones will not stumble over the 
old, outgoing ones. 

_ When the Navy specifies that its deck and engineer- 
ing officers shall get ‘‘a brief introduction to qualitative 
analysis” in seven or eight weekly, three-hour periods 
we must not fool ourselves that we are doing a job of 
chemical education. We do not question the wisdom 





Outlook 


of the specification; we rather think that for a deck 
officer, and possibly an engineering officer, such a brief 
introduction to qualitative analysis is all that the 
emergency justifies. But the danger lies in the possi- 
bility that we may continue to think of the subject in 
these terms after the emergency has disappeared. 

Unless we ourselves are full of the dignity of our sub- 
ject we will never convince our students that it is 
worthy of their most serious effort. The worst that can 
befall the student is that he shall come to think that the 
things of the mind either come easily or are not worth 
having. It must be impressed that the most meritorious 
accomplishments of this world are the results of hard 
mental work, but that such effort is not beyond one’s 
ability to put forth. We must not give the impression, 
“This stuff is easy for anyone,”’ but rather the thought, 
“This is plenty tough, but I can take it.” 

But our efforts to do our job more quickly and more 
effectively have not been a total loss to us. The evalua- 
tions we have been forced to make have been good for 
us in some ways. Perhaps some of the corners we have 
cut should have been cut long ago. We are well aware 
that the accumulation of knowledge has piled more and 
more ‘‘content’”’ into our courses, and we haven’t had 
time to eliminate anything to make room. Now is a 
good time to review the whole situation and see whether 
there isn’t perhaps some new approach. 

The new teaching techniques we have learned may 
or may not be worth permanent retention. Methods of 
testing and examination have been steadily improved 
and will perhaps get more open-minded attention than 
they have had in the past. 

The “GI Bill of Rights’ will inevitably have an im- 
portant bearing on our postwar problems. This en- 
couragement for hordes of men in the Service to con- 
tinue or complete their training for civilian pursuits and 
professions will fill many classrooms in our schools and 
colleges which have been dusty from disuse during the 
last few years. Some of these men (and women) will be 
fitted into our old curricula; for others new types and 
sequences will be devised. There will be plenty of de- 
mand for a royal road to training, if not to knowledge. 
The recently conceived and presently emergent ‘‘tech- 
nical institutes”’ will no doubt thrive in this atmosphere. 
There may be as hectic a period in our higher institu- 
tions as we are now experiencing, until the rush is over. 
Several of the professions already foresee an assault 
upon their standards of training which will be hard to 
resist. 

All this adds up to the general conclusion that there 
will be plenty of problems in our postwar planning for 
chemical education. It is time we, too, began to think 
of Reconversion. 








The Discovery of Red Phosphorus (1847) 
by Anton von Schrotter (1802-1875) 


MORITZ KOHN 
New York City 
(Translated by Ralph E. Oesper, University of Cincinnati) 


CIENTIFIC chemistry in Vienna is about 100 years 

old. It began when Schrétter was called to the 
Vienna Polytechnikum in 1843. To him is due the 
discovery of red phosphorus, an accomplishment of 
equal significance to the scientific and technical worlds. 
He presented his findings before the Vienna Academy 
of Sciences on December 9, 1847. 

Schrétter is the acknowledged discoverer of red 
phosphorus, even though others had doubtless had this 
substance in their hands. It was well known that a 
red by-product sometimes appears when phosphorus 
is burned; it had also been noted that sticks of the ele- 
ment acquire a red coating when they are exposed to 
the light. Berzelius' stated that phosphorus occurs 
in two allotropic modifications. The first, the familiar 
yellow phosphorus, fumes in the air. When exposed 
to sunlight, it is transformed to the red form that does 
not oxidize or fume when in contact with air. When 
distilled, the red modification reverts tothe yellow 
form. Kopp? in this same year reported that acidic 
by-products are formed during the preparation of ethyl 
iodide, together with ‘‘a solid, pulverulent residue, 
whose color is dark red. This material, if thoroughly 
washed, is insipid, odorless, has little attraction for the 
oxygen of the air, and is nothing but phosphorus in its 
red modification.’”’* However, numerous other chemists 
of the time regarded the red substance as a lower oxide 
of phosphorus. This question was decisively settled by 
Schrétter’s work. The Vienna Academy inaugurated 
(1850) its series of Memoirs With his fruitful paper, “A 
new allotropic state of phosphorus.’ It is the first 
paper (pp. 1 to 12) of the first volume of this important 
record of research.‘ He found that sunlight changes 
yellow into red phosphorus, even when moisture and 
atmospheric oxygen are rigidly excluded. The red 
product was separated from the residual yellow phos- 
phorus by treatment with carbon disulfide. Red phos- 
phorus was also prepared from the yellow variety by 
heating it to about 250°C. in an inert gas. Heating to 
higher temperatures reconverted the red modification 
to the yellow one. 

Industrial chemists quickly became interested in 
this new material. Arthur Albright erected, near 
Birmingham, a small plant to carry out Schrétter’s 
procedure on an industrial scale. He obtained his 
patent in 1851.5 

1 Berzevivus, Jahresbericht, 23, 51 (1844). 

2 Emil Kopp (1817-1875) was a well-known teacher of indus- 
trial chemistry. He succeeded A. P. Bolley in the chair of 


chemical technology at the Zurich Polytechnikum. His suc- 
cessor was G. Lunge. 

3 Kopp, Compt. rend., 18, 872 (1844). ° 

4 See also ScHr6TTER, J. prakt. Chem. (1), 51, 155 (18650); 
Compt. rend., 31, 138 (1850). 





Schrétter had pointed out that red phosphorus might 
be valuable in the match industry. Future develop- 
ments substantiated this astute prediction. Swedish 
(safety) matches ignite only when scratched against a 
rough surface that contains nonpoisonous red phos- 
phorus. The head of the ordinary old-style match 
contains toxic yellow phosphorus and lights when 
drawn across any rough surface. The decided dif- 
ference in cost was a distinct handicap to the wide- 
spread introduction and use of the safety match. 
However, various enlightened governments, for reasons 
of public safety and health, outlawed the use of yellow 
phosphorus in matches. The natural consequence was 
a great expansion of the safety match industry.’ 

The Montyon Prize was awarded to Schrétter by 
the Paris Academy in 1856. This honor was designed 
to acknowledge the services of those who had made 
notable contribution to industrial-hygienic conditions. 
At the announcement of the award the Academy em- 
phasized the high scientific value of Schrétter’s work. 
In 1875, at a ceremonious meeting of the Vienna Acad- 
emy, the renowned Joseph Stefan, professor of physics 
in the University of Vienna, eulogized his recently de- 
ceased colleague, Schrétter: ‘‘The Vienna Academy 
of Sciences may regard the award of the Montyon Prize 
for its first memoir as an omen that its activity from 
that time forward would be dedicated to the increase 
of science and therefore also to the benefit of mankind.” 

Anton Schrétter was born on November 26, 1802, 
at Olmiitz. His father was an apothecary. He began 
his university studies in medicine, but later switched 
to natural science (chemistry and physics). In 1830 he 
received an appointment in the Technical Institute at 
Graz; in 1843 he was called to the Polytechnical In- 
stitute in Vienna. After 25 years of outstanding serv- 
ice in this school, he was appointed (1868) director of 
the Mint.? His worthy academic successor was Heit- 
rich Hlasiwetz. Busts of Schrétter and Hlasiwetz 
still stand in the old lecture hall of the Vienna Poly- 
technikum. 

(Continued on page 554) 





5 Muspratt, ‘‘Theoretical, Practical and Analytical Chem- 
istry in Use in Art and Trade,” Glasgow, London, New York, 
1860, Vol. 2, p. 686. 

6 Another Austrian chemist, Karl Auer von Welsbach, was 
the discoverer of still another method of producing fire by fric- 
tion. He obtained a patent in 1905 for the preparation of pyro 
phoric alloys (cerium steel). 

7 Many prominent scientists have been Master of the Mint. 
No less a personage than Isaac Newton filled this post. In 1854, 
when the celebrated astronomer and physicist John Herschel 
retired, his successor at the London Mint was the chemist, 
Thomas Graham. Pelouze was Master of the Mint in Paris. 
After his death (1868) the world-renowned chemist, J. B. Dumas 
took over this responsible position. J. S. Stas occupied a like 
post in Brussels. 
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The Oxidation States of Silver 





JOHN C. BAILAR, JR. 


University of Illinois, Urbana, Illinois 


HE common valence of silver is +1. A few text- 

books of general chemistry mention other valences 
but the great majority either make no mention of them, 
or state that silver shows only the one oxidation state. 
In view of the fact that the other members of Periodic 
Group IB, copper and gold, show higher valence states, 
this is quite surprising, and often elicits questions from 
students. Asa matter of fact, there is good evidence to 
support the assumption that all three of these metals 
show valences of +1, +2, and +3. In the case of 
silver, with which this paper is concerned, the two 
higher oxidation states are well established, and have 
been the subject of many researches. Compounds of 
divalent silver have been known for 140 years. They 
are easily prepared and, at ordinary temperatures, are 
stable almost indefinitely. Most of the compounds of 
trivalent silver decompose in a few hours, but there is 
ample evidence for their existence, and a few are en- 
tirely stable at ordinary temperatures. 


TRIPOSITIVE SILVER 


Many investigators have studied the black crystalline 
precipitate which is formed on the anode when a solu- 
tion of a silver salt is electrolyzed (1, 2, 3, 18). There 
has been some disagreement as to its nature, but agree- 
ment is fairly general that its composition (when ob- 
tained from silver nitrate) approaches the formula 
Ag;OsNO;. Treatment of AgO with nitric acid gives a 
material approaching this same composition. Similar 
products can be obtained by the action of chemical 
oxidizing agents such as fluorine (13) and peroxysul- 
fates (3, 4, 5, 6) on argentous salts. The products are 
unstable, and analyses must be performed quickly if 
the presence of tripositive silver is to be demonstrated. 
From the action of potassium peroxysulfate on silver 
nitrate, Carman (4) obtained precipitates, which, if 
analyzed within 15 minutes, were shown to contain al- 
most exactly two equivalents of ‘‘available’”’ oxygen for 
each atom of silver. This corresponds to the formula 
AgeOs: 

Ag:0; — Ag,O + 2[0] 


Delayed analyses, however, showed lower and lower 
tatios of available oxygen to silver, the final value being 
reached in about three hours. In all of Carman’s ex- 
periments, this final value approximated 1.5, which 
corresponds to the formula Ag,O3;2AgO, which repre- 
sents a stable compound. 

As might be expected, these compounds of trivalent 
silver are powerful oxidizing agents. They convert 
chromic ion to chromate, ammonia to nitrogen, and 
manganous ion to manganese dioxide or permanganate. 


It has been shown that silver salts owe their catalytic 
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power in certain oxidations to the formation of the un- 
stable Ag*+** ion (8, 9, 10, 14). For example, the 
rate of oxidation of VO*+* ion to VO;~ by peroxysulfate 
ion (9) is proportional to the concentration of S,03~— 
ion and to that of added Ag* ion, but not to that of the 
vanadyl ion. This indicates a slow reaction involving 
one Ag* ion for each S,03—~ ion: 


Ag* + S.03--—> Agtt+ + 2SO,-— 


followed by a very rapid reaction, too fast to affect the 
rate measurements: 


Agtt+ + 2vVOtt+ + 4H,0 — Agt + 2V0O;- + 8Ht 


An ion which is a strong oxidizing or reducing agent 
is so because it does not have the correct number of 
electrons to make the most stable structure. If the 
number of electrons be altered by coordinating the 
ion with other ions or molecules, it may often be made 
much more stable toward reduction or oxidation. This 
is a very general phenomenon (7), and is illustrated in 
the formation of stable salts of both divalent and tri- 
valent silver. 

Ray (35), for example, has prepared 4-coordinated 
salts of trivalent silver with ethylenebiguanide: 


NH— 
C:H, 


\ 
NH—C=NH /; 
X = NO;-, ClO,-, OH-, SO.-- 


—=NH 


‘S " 
NH ag | X; 


These salts are a deep, permanganate red, and are 
quite stable at ordinary temperatures. The nitrate can 
be recrystallized from warm, dilute nitric acid. These 
salts liberate two equivalents of iodine from potassium 
iodide per mole of salt. Their conductivity at infinite 
dilution corresponds to that of other salts of the type 
MX;. The Ag+*+ in these compounds has the same 
electronic configuration as Ni+*+; in conformity with 
this structure, the salts are diamagnetic. The di- 
valent silver ion and its derivatives, on the other hand, 
are paramagnetic because of the unpaired electron. 


DIPOSITIVE SILVER 


Compounds of argentic silver can be readily obtained 
in a variety of ways. The material Ag;OsNOs, on boil- 
ing with water, is quickly converted to AgO, which 
undergoes no further change, even though the boiling be 
continued for many hours (18). The same oxide is ob- 
tained by treating silver nitrate with a mixture of 
sodium carbonate and potassium peroxysulfate (21). 
It is a black powder, which will dissolve in sulfuric, 
nitric, and perchloric acids, to give solutions of strong 
oxidizing power. In dilute nitric acid, the material 
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slowly decomposes with the liberation of oxygen, but in 
concentrated nitric acid, it may be preserved for some 
time. These solutions give no test for the presence of 
peroxide. 

Silver difluoride has been prepared by the action of 
fluorine on silver and silver salts (11, 12). It is a dark 
brown powder, stable at moderate temperature, but 
decomposed on strong heating to argentous fluoride and 
fluorine. It has evidently not been obtained in pure 
form, for analysis of even the best samples indicated 
the presence of about 25 per cent AgF. The divalency 
of the silver is clearly indicated, however, by measure- 
ments of magnetic susceptibility, which show it to be 
strongly paramagnetic. It is decomposed in moist air, 
liberating oxygen or ozone. It oxidizes alcohol to 
acetaldehyde, manganese dioxide to permanganate, 
and chromic ion to chromate. It converts SO, to 
SO.F2, CO to COF, and reacts violently with many 
metals as well as with sulfur, phosphorus, carbon, and 
hydrogen. It is a powerful fluorinating agent, effect- 
ing the conversion of carbon tetrachloride to carbon 
tetrafluoride. 

The fact that argentous salts in nitric acid solution 
are readily oxidized to the argentic state has been 
known for along time. For example, Barbieri (20) ob- 
served that the action of lead dioxide on a solution of 
silver nitrate in nitric acid converted at least 90 per cent 
of the silver to the divalent salt. More recently, 
A. A. Noyes and his students have published a series of 
papers under the title ‘‘Argentic salts in acid solution” 
(14, 15, 16, 17, 18). Everyone interested in the ap- 
plication of physical chemistry to inorganic problems 
should read these papers. They not only report re- 
searches which were brilliantly conceived and executed, 
but they are examples of splendid scientific writing. 

Only a brief résumé of them can be given here. 
Noyes and his students measured the rate of reaction 
between ozone and argentous nitrate in nitric acid, and 
found it to be proportional to the concentration of each 
of the reactants. This would indicate the formation of 
tripositive silver by some such reaction as: 

Agt + O;—> AgOt + O, 


but only dipositive silver was found in the solution. 
They therefore concluded that the initial reaction, 
which proceeds at a measurable rate, is followed by a 
fast reaction leading to the formation of divalent 
silver: 


AgO* + Agt + 2H+ — 2Agtt + HO 


While the divalent silver ion was not isolated from the 
solution, its character was carefully studied. That it is 
dipositive was shown by measurement of its magnetic 
susceptibility, and by analysis of the solution for silver 
and for oxidizing power. The decomposition of the di- 
valent silver to the argentous state is slow enough that 
very satisfactory analyses could be obtained. 

The exact nature of the silver-containing compound 
in these solutions is not known, but it is evident 
that the silver is in some sort of a nitrato complex. 
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This was shown by studies of the color and the oxidizing 
potential of the solution, and by the increase in solu- 
bility of the compound with increasing concentration of 
nitrate ion (18). Weber (19) had previously come to the 
same conclusion through transference experiments. 

A. A. Noyes and Kossiakoff (16) measured the oxi- 
dation-reduction potential of the argentic-argentous 
couple in nitric acid solution, and found the argentic 
ion to be nearly as strong an oxidizing agent as ozone. 
Their results are shown in Table 1. 


TABLE 1 
OXIDATION POTENTIALS OF STRONG OXIDIZING AGENTS 


Oxidized State Reduced State Volts 


Fe (g) + 2E- 2F- 2.88 

O (g) + 2H*+ + 2E- H:0 (1) 2.419 
Os (g) + 2H+ + 2E- O2 (g) + H:0 (1) 2.07 

Agll + E-! Ag! 1.914* 
H2O2 + 2H+ + 2E- 2H20 (1) Lit 

MnOQ:- + 4H* + 3E~ MnO: (s) + 2H20 (/) 1.586 
MnQi~ + 8H* + 5E~ Mn++ + 4H20 (1) 1.447 
PbO: (s) + 4H*+ + 2E~- Pb++ + 2H20 (1) 1.444 
Cel¥ + E-! Cell 1.44 ¢ 
1/2 O2 (g) + 2H+ H20 (1) 1.225 


* In nitrite solution. 
+ In sulfate solution. 


These solutions of argentic ion in nitric acid oxidize 
ammonia to nitrogen and oxides of nitrogen, vanadyl 
ion to vanadate, iodate to periodate, and chromic ion 
to chromate almost instantly. 

The salts of many coordinated argentic ions are 
highly crystalline compounds which are readily ob- 
tained and easily kept. The leadership in the prepara- 
tion of such compounds has been taken by the Italian 
chemist Barbieri, who has been active in the field for 
nearly 40 years. He first prepared [Ag(pyridine),]- 
S:03 by the action of potassium peroxysulfate on a 
solution of silver nitrate in pyridine (22) and estab- 
lished the divalency of the silver by showing that 
the compound is isomorphous with the corresponding 
cupric salt. He later showed (16) that it is also iso- 
morphous with the corresponding cadmium salt. 
While the compound is stable toward light, it is in- 
stantly reduced by ammonia. Sodium hydroxide dis- 
places the pyridine, precipitating AgO. Barbieri (23) 
prepared the nitrate of this tetrapyridyl argentic ion 
by the electrolytic oxidation of silver nitrate in 40 per 
cent pyridine. It formed orange-red prisms which he 
found to be isomorphous with those of the corres- 
ponding cupric salt. These salts, and several others of 
similar nature, have been shown to be paramagnetic, as 
would be expected of divalent coordinated silver ions 


(24, 25, 28). 
OO 


Dipyridyl 
coordinates more firmly than pyridine itself, and com- 
plex dipyridyl argentic ions have been studied exten- 
sively (24, 26, 27, 28). They are of two types— 
[Ag(dipy)2]*++ and [Ag(dipy)s++. The closely related 
orthophenanthroline 
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gives a similar ion, [Ag(o-phen)2]++ (25, 30). The 
salts of these ions are reddish brown. They oxidize 
ammonia to nitrogen, halides to the free elements, and 
hydrogen peroxide to oxygen. A series of compounds 
of the formula [Ag tripy X] X has been prepared from 


tripyridyl, 


(29), a tridentate amine. 
The heterocyclic acids picolinic 


Ooo 


(31, 32) and quinolinic 


Pisce 
a COOH 


(33) likewise form red crystalline compounds with the 
argentic ion. In these, the acid ion serves both to 
neutralize the charge on the silver ion, and to fill the 
coordination sphere: 


COOH 
Coo o0oc Coo o0oc 
— , or 
re ee oe 


The former has been shown by x-ray analysis to be 
planar, rather than tetrahedral, and to be isomorphous 
with the analogous cupric salt. 

If solutions of silver acetate and 8-hydroxyquinoline 
are mixed at room temperature, the yellow argentous 


compound 
fo 
<< a _-N » 
‘ ew i a chee ae \ 
; 5 a 
~ O-*7 66 » 


H 


COOH 


is precipitated. If the solutions are hot, however, the 
deep green argentic salt is formed (34): 


N 
2CH;COOAg + 2 = —_ 
< »OH 


N.. 
<2 ons + Ag + 2CH;COOH 
O 2 


/ 


This compound is insoluble in water, but soluble in 
chloroform and pyridine. The argentous and argentic 
salts are almost identical in percentage composition, 
but are readily distinguished by the differences in 
color and other properties. Both compounds are de- 
stroyed by bromine water, but the molecule of the ar- 
gentous salt, because it contains one hydrogen atom 
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more than the argentic compound, requires an addi- 


tional bromine atom: 
_N > 
7 + 8Br—> 


¢_»¥.. 

sees 

< 0 /"8-~. of > 
H 


¢_» 
2 
Br >On + AgBr + 3HBr 


4 <9 
Br = —OH + AgBr + 2HBr 


Br 


CONCLUSIONS 


While the common silver salts of commerce contain 
argentous silver, it is evident that higher oxidation 
states are easily attained. Their omission from text- 
books of general chemistry is to be deplored, as it leads 
students to the conclusion that the periodic relation- 
ships of the coinage metals are very imperfect. 
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A Method of Teaching 





the Electronic Structure of the Atom 


I. Elementary Presentation 


DON DEVAULT 


Civilian Public Service Camp No. 135, Germfask, Michigan 


Many of the results of modern quantum mechanics can be taught to students who 


have had no previous knowledge of atomic structure. 


Pictures of atomic orbitals and 


simplified energy level diagrams are useful visual aids. 


There are here described: 


the phenomenon of stationary states of the atom aris- 


ing out of the wavelike character of the electron; the energy contents of these states and 
how the shapes of different types of orbitals affect their energies in mutlti-electron 
atoms; the periodicity in valence electron structure as it ts determined by the nature 
of the energy levels and by the Pauli exclusion principle; the correlation of many 
chemical properties with an energy level diagram covering the whole periodic table. 


HE purpose of this and the following paper is to 

offer some suggestions for the teaching of modern 
ideas of atomic structure in the light of the new quan- 
tum mechanics which originated around 1925. The 
hope is that a way can be found to teach the modern 
ideas as early in a student’s training as the old-fash- 
ioned concepts are now taught. This idea has been 
expressed by a number of other authors recently (1, 2). 
Such an accomplishment would immediately open to 
the student wider possibilities for understanding the 
periodic table, for correlating chemical facts, and for 
pursuing further the subject of atomic structure and 
chemical binding itself. It would spare him the 
anguish of later unlearning most of what was previously 
taught to him. 

Among the difficulties which, according to the 
author’s own experience, beset the student when taught 
incomplete and outworn ideas are the following: 

1. The usual explanations in terms of atomic 
structure for the existence of the periodic table stop 
before, or falter in tackling, the long periods, and prac- 
tically never mention the rare earths. Furthermore, 
the rare earths seem entirely out of place or freakish 
on almost any common arrangement of the periodic 
table. This can be disturbing to the interested stu- 
dent. 

2. Why the all-important ‘‘octet”? That a group 
of eight electrons should just fit around an atom at the 
corners of a cube seems reasonable to the beginning 
student. But then why 18 next? Sometimes the 
student is told that the mth shell can hold 2? electrons, 
giving 2, 8, 18, 32, 50 for successive shells. But the 
periodic table shows 2, 8, 8, 18, 18, 32. The best that 
can ordinarily be done for the student who wants to 
know more is to give the partially accurate explana- 
tion that there are subshells whose energy levels place 
them in such an order as to give the observed sequence 
[see ref. (3), page 26, or ref. (1), page 24, for example]. 
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3. The exact relationship between the terms 
“shell,” ‘quantum number,” and “energy level’’ may 
be hard to grasp. ; 

The modern quantum mechanical concept of the 
atom contains so much that is contrary to ordinary 
daily experience that visual methods of teaching can be 
most helpful with all of these problems.! The figures 
presented here have an authenticity which is a help to 
the properly skeptical student. The pictures of Figure 
1 were carefully calculated directly from the modern 
quantum mechanics. The diagrams of this and the 
following paper were put together from actual experi- 
mental data. 

The present paper deals only with very elementary 
problems. Besides presenting the figures it will at- 
tempt to outline a method by which their meaning 
may be explained in the classroom. The following 
paper will present a more exact, more complicated 
energy level chart, a discussion of more advanced topics, 
and finally a completely technical description of the 
construction of the charts. 


WHAT DOES AN ATOM LOOK LIKE? 


Mentioning first how it is impossible to see an atom 
because the wave length of the light is thousands of 
times longer than the diameter of the atom, the teacher 
can explain that investigating the atom with any tools 
we have available—x-rays, electron bombardment, 
spectroscopy—is like probing a fine watch with a 
pickax and crowbar, and that any picture we can get 
must, therefore, be the combined impressions that we 
infer from the results of a large number of different 
kinds of experiments. 

The atom consists of a small, heavy, positively 


charged nucleus, with light, negatively charged elec- 





1A clever application of the visual aid method is the use of 
marginal flip pictures by Max Born (4) in his book on general 
physics. 
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trons surrounding it. This much of atomic theory 
has stood firm since its proposal by Rutherford. 

The early and useful idea of Bohr that the electrons 
raced around the nucleus in orbits, like the planets 
around the sun,” has had to be abandoned. One reason 
is the impossibility of perceiving the electron in any 
definite orbit with the use of our ‘“‘sledge-hammer”’ 
tools. The other is the discovery of the wavelike 
behavior of electrons.* 

One can well imagine that it is not easy to describe 
something that is supposed to be both a wave and a 
particle of matter. In fact it is not certain that any- 
one knows exactly what is meant. All we know is that 
the experiments force us to believe that electrons do 
have wavelike properties. 

First, the idea of ‘‘standing waves’’ may be made 
more familiar to the student by pointing out and il- 
lustrating them in vibrating strings, on the surface of 
water standing in a dish on a table vibrated by a motor, 
and perhaps even inside a block of jelly. The ability 
of these things to vibrate in distinctly different modes 
should be shown, too, by causing the string to: vibrate 
in different numbers of sections or by changing the 
frequency of vibration or the shape of the boundary 
walls of the dish of water. Born (4) gives a clear de- 
scription of standing waves. 

The vibrations which an electron undergoes in the 
space around the nucleus of an atom must be similar 
to these standing waves, but in space—as in a block of 
jelly. The electron is held close to the nucleus by 
electrical attraction, and the boundaries limiting the 
vibration are determined by the distance from the 
nucleus that the electron can go against the nuclear 
attraction. If the electron is moving with greater 
energy it can go farther from the nucleus. The 
boundaries may be expected to be less definite, however, 
than in the illustrations of standing waves mentioned 
above. 

Figure 1 illustrates some of the patterns which the 
standing waves of an electron may make in the space 
around the nucleus. The nucleus may be thought of 
as a tiny dot at the center of each of the pictures. The 
cloudy-looking pictures are cross sections or slices 
taken through the center of the atom, and the density 
of the cloud at a given point shows how much vibra- 
tion goes on at that point. The smaller “‘solid’”’ draw- 
ings in the corner of each picture show the arrange- 
ment in space. The globes, doughnuts, etc., enclose 
the points where the most violent vibrations are taking 
place. 

Each picture of Figure 1 represents an entirely dif- 
ferent state of the atom. Thus the picture labeled 
“‘1s’’ (at the bottom of Figure 1) shows the simplest 
type of “‘vibration.’’ (The significance of the labels 
is explained later.) The motion is greatest at the 
center and fades off gradually in all directions equally. 
The electron needs less energy to execute this vibra- 
2 As is still taught in elementary chemistry, pictured in Life 


(5), ete. 
3 These reasons are embodied in the ‘“‘Uncertainty Principle’”’ 


of Heisenberg. 
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tion than for any of the others and a hydrogen atom is 
normally found in this state. 

If someone gives the electron more energy it can 
start vibrating according to the pattern labeled ‘‘2s’’ 
(for example), just as one may by proper manipulation 
cause a string that is vibrating in one section to start 
vibrating in two sections instead. In general the 
electron keeps vibrating according to one single pat- 
tern until some disturbance from the outside causes a 
transition to another state, and often the addition or 
subtraction of energy is necessary to make the change. 

It is not easy to interpret these electron “‘vibrations”’ 
or “‘standing waves.” They are the physical pictures 
of the mathematical equations of quantum mechanics 
which have succeeded in explaining many puzzling 
things, even in other fields than atomic structure and 
are confirmed indirectly by many observations. Per- 
haps one may think of the electron itself as spread out 
over all of the space and undergoing the vibrations like 
a block of jelly, or of the vibrations as being the electron. 
The more widely accepted explanation is that the waves 
are merely ghosts of some sort, perhaps just math- 
ematical apparitions, something like the earth’s equa- 
tor, but that they in some way determine where the 
electron can go and what speeds it can have. The elec- 
tron goes mostly where the wave “‘vibrates’’ most. 
We assume this explanation in the rest of the paper. 

The electron, then, jumps around, taking unknown 
paths in the space about the nucleus, but yet in such a 
way that it spends most of the time in the regions that 
appear dark in the pictures of Figure 1. If we could 
imagine ourselves being able to photograph the electron 
and if we should take a long time-exposure of it jumping 
around while in one of the states illustrated in Figure 1, 
so that the pictures of the paths it has taken pile up on 
top of each other and give finally just a blur, the de- 
veloped plate would look something like the cor- 
responding picture given there.‘ We say, then, that 
the cloud pictures of Figure 1 give the probability of 
finding the electron at any given point in the space 
around the nucleus at a given instant.® ; 

The ‘‘electron clouds” of Figure 1 are the modern ~ 
substitute for the electron orbits of the old theory. 
The clouds are, therefore, called orbitals for convenience. 
There are also orbitals corresponding to the labels 
4s, 4p, 4d, 4f, 5s, and so on ad infinitum. 

For a reason not well understood, called the exclusion 
principle of Pauli, only two electrons can get into the 





4 Except for the fact that Figure 1 shows cross sections while our 
imaginary camera would probably see the full depth. 

5 The number of dots put into the cloud pictures of Figure 1 
per unit of area corresponding to one square angstrém was calcu- 
lated according to the arbitrary formula: 

165 logio(y *va,'x X 10* — 1), 
where y is the wave function as found on page 138, ref. (6), with 
Z =1 (e. g., Pris = ao 9/24 /2e-o where dp is the radius of the 
Bohr orbit in normal hydrogen and ¢ is equal to the distance 
from the nucleus in units of a). The corresponding probabilities 
are also shown in the scale of densities in the legend to the figure. 
However, difficulties in making the dots of uniform size have re- 
duced the accuracy. Engraving in half-tone has completely 
obliterated the dot structure present in the original. Smoother 
though less accurate pictures have been presented by White (7). 
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same orbital.® If, then, the atom has many electrons 
they will be found, usually in pairs, in different orbitals. 
The pictures in Figure 1 show the different possible 
orbitals when the atom has only one electron. The 
presence of other electrons would alter the shapes of 
these orbitals somewhat but the general picture would 
remain the same. 

No two orbitals in one atom will have both the same 
location in space and the same shape and size. Con- 
sequently the resulting picture of a multi-electron atom 
would be much more of a blur than those in Figure | 
and would be more spherical in shape. It would be 
hard to distinguish the different orbitals. Sometimes 
we would see one or more orbitals sticking out further 
than the majority and if such an orbital should have 
only one electron in it, it might become a ‘‘hook’’ by 
which that atom could attach itself to other atoms in 
forming a molecule, but this will be discussed more 
fully in the following paper. 

This is about as accurately as one can describe what 
an atom “looks” like—a small, heavy, positively 
charged nucleus at the center, surrounded by a cloud 
of light, dancing, negatively charged electrons, the 
cloud being made up of “‘orbitals’’ which have various 
shapes and sizes and which contain one or two electrons 
each. 

ENERGY LEVELS 


The chemical properties of atoms are determined 
largely by the shapes and sizes of the orbitals which 
its electrons occupy and by the energy that the electrons 
must have to be in the different orbitals. If the class has 
not yet been introduced to the concept of energy and 
to its importance in determining the course of chemical 
reactions, the teacher should do so at this point. 

To explain the energies of the electrons in their 
orbitals, the idea of a stone on a series of shelves of 
different heights makes a good analogy. For, although 
an orbital may be cloudy in space, the energy of an 
electron in it is as definite as the position of a shelf. 
The gravitational energy that the stone has is greater 
the higher the shelf, and it may be released as heat and 
sound by letting the stone fall to a lower shelf. Thus, 
on paper we place horizontal lines at different heights 
to represent the amounts of energy the electron will 
have in different orbitals, the highest corresponding to 
the most. We may call these lines “energy levels,” 
and will often use the term almost synonymously with 
“orbital.” The energy levels of the different orbitals 
of a tellurium atom, for example, are arranged in order 
in Figure 2. 

BUILDING AN ATOM 


Tellurium has 52 positive charges on the nucleus. 
Because of its fundamental importance we shall outline 
in some detail how 52 electrons are added to make a 
normal neutral atom. 

The orbital with the smallest amount of energy is the 
ls. Into it will go two electrons. As expressed in the 





Ds And then only on condition that they are spinning in opposite 
directions. 
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Pauli exclusion principle, two is all that any one orbital 
can hold. We express the fact that the 1s orbital is 
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FIGURE 2.—ENERGY 
LEVELS OF A NORMAL 
TELLURIUM ATOM. 

Different types of 
lines are used to indi- 
cate different types of 
orbitals to which the 
energy levels refer. 
The shell structure is 
also shown and the 
normal number of elec- 
trons in each shell. 


full by covering it with cross-hatching in our diagram 
(Figure 2). The next lowest orbital is the 2s. Into it 
go two more electrons. 
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The next energy level indicated is labeled 2p. There 
are, however, three different orbitals having the same 
energy. We may call them the 2,, 2p,, and 2p, 
orbitals.? Two of them are pictured in Figure 1 and 
the third, the 2),, is the same as the 2), except that it 
is rotated horizontally 90°. Therefore we may put six 
electrons into the 2p energy level. 

In general s levels have one orbital, p levels three, d 
levels five, f levels seven, and so on. 

The next lowest level shown in Figure 2 is the one 
labeled 3s. Accordingly two electrons go into it, and 
then six into the 3p level and ten into the 3d level. 
Three of the five 3d orbitals are shown in Figure 1. 
Of the two not shown, one, the 3d,+,, is like the 
3d,+, except for being rotated 90° horizontally, and 
the other, the 3d,+,, is like the 3d,, except that it is 
rotated horizontally 45°. Eighteen more electrons fill 
the 4s, 4p, and 4d levels. These are all indicated as 
filled in Figure 2 by cross-hatching, into which a num- 
ber is inserted to show how many electrons are present. 

So far we have placed 46 electrons in their normal 
“positions” about the nucleus of a tellurium atom. 
Six more remain to go in. Figure 2 shows the 5s and 
5p levels as the stablest ones available to them. Ac- 
cordingly two go into the 5s and four into the 5p. 
The stippling indicates partial filling. 

We have already mentioned how the 2/,, 2p,, and 
2p, orbitals, for example, form a group of three orbitals 
which have the same energy content. A glance at 
Figure 2 shows that there are also larger groupings of 
orbitals. Specifically, the 1s forms a group by itself, 
the 2s and 2p form another group, the 3s, 3p, and 3d 
another, and the 4s, 4p, and 4d another. These larger 
groups are called shells. The lowest shell is usually 
called the K shell, the next the L, the next the MV, and 
so on. The numbers 1, 2, 3, etc., in front of the 
designations ls, 2s, 2p, etc., were assigned with the 
same idea in mind; 1 for K shell, and so on. 

The letters s, p, d, f, etc., designate the smaller 
groupings which are called subshells. 

The orbitals in the tellurium atom will not look 
exactly like those shown for hydrogen in Figure 1 
even though the naming is the same. This is because 
the forces from the other electrons will distort them 
somewhat and the greater nuclear charge will draw 
most of them closer to the nucleus. However, the 
main features will remain the same. As might be 
guessed from the appearance of the hydrogen orbitals 
in Figure 1, the orbitals of a given subshell will fit 
together to form a completely spherical shell-like cloud® 
and all the orbitals of a given shell will have their 
outermost maxima of density at roughly the same dis- 
tance from the nucleus, but at a different distance from 
those of other shells. An actual shell structure does 
exist, therefore, but it is quite vague. Individual 
orbitals can penetrate many shells at the same time. 

The numbers designating specific shells, subshells, 





7 Variations of these arrangements of orbitals within a given 
subshell are mentioned in the next paper. 
8 Unsdld’s theorem (8 and page 150 of 6). 
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orbitals, and the state of the atom in general are called 
“quantum numbers.” These are discussed more fully 
in the following paper, together with reasons for the 
fact that the K shell can contain only an s orbital, the 
L shell only s and p orbitals, etc. The energy levels are 
also called ‘‘quantum levels.” 

Above the filled and partially filled levels Figure 2 
shows many empty energy levels. The normal tel- 
lurium atom does not have enough electrons to fill 
these. However, one of the electrons from the 5p 
orbitals or even from the 5s can be temporarily ‘‘ex- 
cited” up into one of these normally empty levels by 
some outside influence as the high temperature of a 
flame or by an electrical discharge. It is like raising 
the stone from a lower to a higher shelf. When even- 
tually the electron falls back to a lower level the energy 
it loses appears as light. The characteristic lines in the 
spectrum of an element are each made up of light from 
atoms of that element undergoing transitions from a 
particular high energy state to a particular lower energy 
state. For example, the yellow light of sodium results 
from the outermost electrons in its atoms jumping 
down from the 39 level to the 3s. 


THE PERIODIC TABLE 


In Figure 3 we have done to 92 elements the same 
thing that Figure 2 does for tellurium. They are 
arranged in the order of their atomic numbers, which is 
the order of the number of charges on their nuclei. 
This arrangement brings out some interesting regular- 
ities. 

For one thing, corresponding energy levels are seen 
to become stabler (lower) with increasing atomic 
number. This is because the increased charge on the 
nucleus attracts the electron in a given orbital more 
strongly. The distribution of the orbital itself in space 
becomes smaller, closer to the nucleus. 

One notices further that the increase of stability 
depends upon the type of orbital. The s and p orbitals 
sink steadily with increasing atomic number while the 
d and f orbitals remain at the same level of energy for 
relatively long periods before starting to sink. The 
reason is this: d and f orbitals are shielded fairly com- 
pletely from the attraction of the nucleus by electrons 
in inner shells which form a negatively charged screen 
about the nucleus and counteract the nuclear charge. 
A look at the s and p orbitals in Figure 1 shows that 
they, however, are denser very near the center of the 
atom than the d orbitals. This means that the s and p 
orbitals of outer shells penetrate the inner shells and 
are not so well shielded from the attraction of the 
nucleus as are the nonpenetrating d and f orbitals. 
Therefore, the increasing nuciear charge has more 
effect on s and p orbitals. After a sufficiently large 
number of electrons have been added so that the atom 
has been built out to a large enough size to include part 
of ad or f orbital then the d or f orbital has something to 
penetrate and the level of its energy begins to drop also. 

The outermost groups of electrons, those in in- 
completely filled subshells covered by stippling in 
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Figure 3, are especially interesting. These electrons are 
the ones most easily removed from the atom (as 
evidenced by their higher position in the figure). Their 
orbitals also reach out further than any others and bear 
the brunt of collisions between atoms. They form the 
bonds by which atoms are joined to build up molecules, 
and in general they determine the main features of the 
atom’s chemical properties. They are, therefore, called 
the valence electrons. All of the electrons under the 
valence electrons together with the nucleus make what 
is called the kernel. 

Arranged in the order of atomic number, each atom 
has one more valence electron than the preceding atom, 
except that whenever the valence subshells become 
filled new subshells must be started. This process of 
filling up and starting over again produces a repetition 
or periodicity in the valence electron configurations. 
This results in a periodicity of chemical properties and 
makes possible the periodic table. A study of Figure 3 
will make these points clearer than can be described 
in words. 


CORRELATION OF CHEMICAL PROPERTIES 


The student must have some knowledge of the 
chemical properties of a sufficiently large number of 
elements before he can effectively correlate them with 
atomic structure. Such correlation is ideally carried 
on throughout the chemistry course and aids in organ- 
izing and memorizing chemical behavior as fast as it is 
learned. It is good practice for the student to observe 
and discover the correlations himself, as much as 
possible. We shall suggest a few leading questions 
that should help in such studies. 

Valence is a term that has become rather ambiguous 
but is generally related to the number of one kind of 
atom that can join to one of another kind. Recently a 
number of new terms have been coined to avoid am- 
biguities. 

In compounds which are held together by electro- 
static attraction between ions the charge on the ions is 
called the electrovalence. 

In compounds in which the principal binding is by 
the sharing of electron pairs the number of such bonds 
which an atom forms is called its covalence. Mixtures 
of electrovalence and covalence are also possible. 

An arbitrary but very useful assignment of valence 
is the oxidation number. The oxidation number of an 
element is arrived at by assigning free ions the charge 
they actually have and then arbitrarily distributing 
charges among the other atoms within a molecule or 
ion so that each oxygen atom always has two negative 
charges (except in peroxides), each hydrogen always 
one charge (positive except in metallic hydrides), 
and the remainder so as to produce the total charge on 
the molecule or ion. The oxidation number is often 
equal to the sum of electrovalence and covalence, except 
for signs. In Figure 4 the conventional oxidation 


numbers of the elements are plotted. A careful study 
will reveal correlations with the periodic table, or with 
the electronic structure chart of Figure 3. 
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The relations between valence electron configura- 
tions and the groups of the periodic table are best 
brought out by such questions as the following: 


Find the elements Ne, A, Kr, Xe, and Rn in Figure 3 and tell 
what common features their electron structure has. 

If an atom or ion has a ‘‘completed octet” in its valence shell, 
what sort of valence electron configuration (numbers of electrons 
and types of subshells) is referred to? 

Pick out from the chart all elements having a single s electron 
and no other valence electrons. What group of the periodic 
table do they form and what are their chemical properties? 

Subgroup VI-A of the periodic table is made up of the elements 
O, S, Se, Te, and Po. What is the characteristic feature of the 
valence electron structure of these elements? Of Subgroup VI-B 
which consists of Cr, Mo, W, and U? Compare with Subgroup 
VI-A. 

What features of the valence electron structures distinguish the 
transition elements (1. e., elements 21-29, 39-47, and 71-79)? The 
rare earths? 


To further emphasize that the types of orbitals are 
as important as the number of electrons in the valence 
shell it may be asked: 


P, V, and As each have 5 valence electrons. Which two of 
these three would you expect to be most nearly alike chemically? 


Positive ions are formed by loss of electrons, since 
this leaves some of the positive charge of the nucleus 
un-neutralized. Naturally such ions are formed more 
easily in elements whose valence electrons occupy energy 
levels that are placed high in Figure 3, because such are 
more easily removed. The energy required to remove 
one electron from the normal valence shell is called 
the zonization potential. A graph of ionization poten- 
tials against atomic numbers is given in Figure 4 or 
may be taken directly from Figure 3. 

Some appropriate questions: 


Looking at the row of elements from Li to Ne (in either Figure 3 
or Figure 4), which of these do you think would most easily form 
positive ions? 

Of the group of elements, Be, Mg, Ca, Sr, Ba, and Ra, which 
elements will most easily form positive ions? 


In forming positive ions in solution or under many 
other common chemical conditions it usually becomes 
most convenient for the atom to lose all of its valence 
electrons, if it doesn’t have too many, probably be- 
cause it can then combine with more molecules of the 
solvent. Ions in solution are generally ‘‘solvated.” 

On this basis predict how many electrons would be lost by the 
elements Li, Ra, Al, etc., in forming positive ions. What excep- 
tions can you find to this rule? 

Negative ions are formed by adding extra electrons 
to an atom. Not all atoms will show attraction for 
extra electrons. The most favorable condition is that 
the valence shell should contain one or more very stable 
unfilled orbitals. This means that the valence energy 
levels should be found relatively low in Figure 3, and 
there should be room for at least one more electron in 
them. 

See how this rule agrees with the facts that the halogens form 
negative ions more readily than any other group in the periodic 


table, and that, of the halogens, fluorine does it more readily than 
the others. 
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Electron-pair or covalent bonds are formed between 
atoms when an orbital having only a single electron 
in it reaches out into the space between the atoms and 
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valence electrons and the numbers and types of orbitals 
available in the valence sheil for the formation of such 
bonds. 
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FIGURE 4.—COMPARISON OF PERIODIC TRENDS OF SEVERAL CHEMICAL AND PHYSICAL 
PROPERTIES OF THE ELEMENTS 
Source of data: ionization potentials: from data and figure of following paper. 
Atomic radii: Van der Waals radii for inert gases are from viscosity measurements (9), 
others are from Pauling (3). Electronegativities are determined from heats of 
reaction (3). Oxidation numbers: Deming (10), Latimer and Hildebrand (11). 
Compressibilities: data of Richards obtained from Ephraim (12). 





overlaps in that space an orbital with a single electron 
in it from the other atom. The result is that a pair of 
electrons share two orbitals, one from each atom, be- 
tween them. They both spend part of their time on 
one atom and part of their time on the other. It is not 
necessary for the electrons to come originally from 
both atoms, as the same result can be obtained by two 
electrons in one orbital of one atom sharing it with a 
completely empty overlapping orbital from the other 
atom. The latter case is sometimes known as ‘‘co- 
ordinate covalence,” but the distinction is hardly sig- 
nificant. Covalent bonds form when neither of the 
atoms has a strong enough attraction to monopolize 
completely both electrons and must instead share them. 
Figure 3 can be helpful in showing the numbers, of 





More complete discussion is left for the following 
paper, however, and a real treatise is found in Pauling’s 
“Nature of the Chemical Bond”’ (2). 

Figure 4 shows electronegativities according to the 
scale proposed by Pauling (3). Electronegativity 
means electron-grasping tendency. Elements whose 
electronegativities are not far apart form covalent 
bonds with each other. If their electronegativities 
are very different they form ionic bonds, that is, the 
less electronegative atom loses electrons to the more 
electronegative one, thus becoming a positive ion and 
making a negative ion of the other. The electrical 
attraction between the positive and negative charges. 
then holds them together. Na*Cl~ (electronegativ- 
ities 0.9 and 3.0) is an example of the latter while CS, 
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(electronegativities 2.5 and 2.5) is an example of the 
former. 

Heats of reaction may be estimated roughly from 
this scale of electronegativities. Pauling (3) gives the 
following approximate rule for finding the number of 
large calories of heat evolved when one mole of a com- 
pound is formed from its elements, the elements being 
in the states in which they are usually found when pure: 
For each bond in a molecule of the compound deter- 
mine the difference between the electronegativities of 
the two atoms joined by the bond, square the differ- 
ences, add them all together, multiply by 23, and 
subtract 55 for each nitrogen atom and 24 for each 
oxygen atom in the molecule. This does not apply to 
compounds with double bonds. 

Electronegativities influence not only the character 
of the bonds which an atom forms but also determine 
whether the element will tend to form acids or bases 
—whether it will be nonmetallic or metallic. The 
reason is this: Most bases and acids, except the hy- 
drogen halides, are formed from the element in question 
by having one or more oxygen atoms attached to it and 
a hydrogen atom attached to the oxygen. Whether 
the result is an acid or base depends upon whether it is 
easier to pull the hydrogen atom off (as an ion) or the 
whole OH group (as an ion). If the element is highly 
electronegative it will strongly attract electrons, of 
which oxygen has an abundance in its valence shell, 
and will not attract positive charges like the hydrogen 
ion so strongly. Anacid results. Less electronegative 
elements will hold the oxygen less firmly and the hydro- 
gen more so. 

It is interesting to notice that a horizontal line drawn 
across Figure 3 at a level corresponding to 8 or 9 electron 
volts approximately separates the acidic elements 
(having no valence energy levels above the line) from 
the basic elements (having valence energy levels above 
the line). 

The size of an atom or ion is very important, for this 
often determines the number of other atoms which 
can fit around it, and therefore the nature of the com- 
pounds which can be formed. More important, the 
smaller the atoms the more intense the forces between 
them and therefore the more stable will their com- 
pounds be. Hildebrand (13) explains in detail the 
effect of atomic size on chemical properties. A plot of 
atomic and ionic radii against atomic number is in- 
cluded in Figure 4. Figure 3 will serve roughly the 
same purpose, because in a rough way the higher an 
energy level appears in Figure 3, the larger will be the 
corresponding orbital. The size of the atom is about 
the size of its outermost orbitals. 

The correlations between the energy levels of Figure 
3 and many other chemical properties, such as some of 
those plotted in Figure 4, are shown in the schematic 
plot next to the bottom of Figure 4. So many prop- 
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erties follow the trends marked there that it is a scheme 
worth remembering. 


What in the discussion of energy levels in this paper explains 
the dip of the ‘‘row-trends’’? What is the reason for the rising 
“‘group-trends’’? 


The last diagram in Figure 4 shows a more com- 
plicated property which, although periodic, does not 
follow the same trends as the other properties dis- 
cussed. 
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A Simplified Cottrell Pump 


for the Determination of Molecular Weights 


GTTO F. STEINBACH! and GEORGE F. CONERY? 


City College of New York, New York City 


| heerery many modifications of the Cottrell boiling 
point apparatus have been suggested, the authors 
believe the apparatus described here will give satis- 
factory results for molecular weight determinations in 
the hands of students. It is easily made, exceptionally 
cheap and simple, readily cleaned, and is not fragile. 
The Cottrell pump and the assembled apparatus are 
shown in the accompanying drawings. 

The Cottrell pump B is assembled from three or four 
individual pumps which have the appearance and di- 
mensions shown in A. If the pump is to be used with 
organic liquids such as CsHs, CHCl;, or CCl, it should 
be made from tubing 2 to 3 mm. in diameter. If the 
pump is to be used with aqueous solutions, it should 
be made from 6-mm. tubing. Three or four of these 
individual pumps are assembled around a piece of glass 
tubing 8 mm. in diameter and 30 mm. in length, using 
2- to 3-mm. glass tubing of the same length as spacers. 
The whole assembly is held tightly together with 
copper wire. The general appearance of the assembled 
pump is shown in B. The boiling chamber is made of 
pyrex glass and measures 6 cm. in diameter and 18 cm. 
inlength. Aside arm (10 mm.) was sealed to the cham- 
ber and, when surrounded by a condenser jacket, func- 
tioned as a watér reflux condenser. The Beckmann 
thermometer is mounted in a rubber stopper when 
aqueous solutions are employed. As rubber stoppers 
cannot be used with organic solvents, a cork stopper 
was coated with sodium silicate solution and dried in an 
oven for several days. The pump is readily cleaned 
by suspending it in a tall boiling chamber containing 
the boiling solvent used in the experimental procedure. 
In this way, pure boiling solvent condenses on the cooler 
pump and washes it clean. Compressed air finishes 
the job of drying. 

When the Cottrell pump is placed in the boiling 
chamber, it should be within 10 to 15 mm. of the bot- 
tom. This clearance can be obtained by selecting a 
smaller or larger central tube, or by bending the flare 
on the individual pumps. The pumps can be tem- 
porarily assembled with rubber bands. 

The amount of superheating depends upon the nature 
of the solvent. Solvents such as CsHs or CCl, show 
very little tendency to superheat. When water is 
employed as the solvent, the Beckmann thermometer 
will change as much as 0.01°C. from superheating. 

A simplified experimental procedure is employed for 
the determination of molecular weights. Fifty milli- 
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liters of solvent are measured by means of a pipet and 
placed in the boiling chamber. The boiling point is 
determined by taking six readings about one minute 
apart and averaging the readings. If care is taken 
in adjusting the flame so that the solvent condenses at 
the same point in the condenser, the boiling point is 
readily duplicated. Then a 2- to 5-g. sample of solute 
is weighed on glazed paper and brushed into the cooled 
solvent. The boiling point is determined again by 
averaging six readings taken about one minute apart. 
The difference in temperature is the boiling point 
elevation from which the molecular weight can be cal- 
culated by the usual procedure. The barometric 
pressure should be recorded at the beginning and end 
of each determination. 

The molecular weight of 10 samples of naphthalene 
was measured in CCl, and CsHs. The average molec- 
ular weight obtained was 124, as contrasted with the 

(Continued on page 538) 
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The Partially Miscible System 
Water—Normal Amy! Alcohol 


JOSEPH J. JASPER, LOREN G. FARRELL, and MILTON MADOFF 


Wayne University, Detroit, Michigan 


N A previous description of the laboratory procedure 
involving the construction of the temperature-com- 
position diagram of the partially miscible system 
water-isobutyl alcohol,! it was shown that a number 
of difficulties are encountered in obtaining the data 
necessary for the construction of such a diagram. The 
most important of these arises from the tendency of 
the distillate samples, which are collected at their boil- 
ing points, to resolve themselves into two saturated 
layers at the relatively low temperatures where their 
compositions are most conveniently determined. Un- 
der these conditions, it is clearly impossible to deter- 
mine, by the usual methods employed for zeotropic 
and azeotropic systems, the total composition of the 
various vapor phases (the distillates) which are in ther- 
mal equilibrium with the corresponding residues. To 
insure homogeneity, it was found necessary to employ 
a third liquid, one in which both saturated phases were 
completely miscible. Since this solvent was used 
both in preparing the samples for the refractive index- 
composition reference curve and for holding the subse- 
quent distillation samples homogeneous, its effect was 
canceled and did not enter into composition determina- 
tions. 

The purpose of this investigation was to further dem- 
onstrate the simplicity and practicability of the method 
previously described by applying it to a different par- 
tially miscible binary system, the characteristic prop- 
erties of which necessitated the use of considerably 
greater proportions of the mutual solvent in order to 
induce homogeneity. The resulting solutions were 
relatively dilute in the active components as compared 
with those previously employed. An Abbé refrac- 
tometer was used to determine the composition of the 
samples, and, regardless of their dilution, the precision 
of the instrument was found to be sufficient for this 
purpose. From the data so obtained, the temperature- 
composition diagram was constructed. 


THE REFERENCE CURVE 


In accordance with the procedure previously de- 
scribed,! it was found both convenient and instructive 
to construct the reference curve as the initial step. 
This was accomplished by preparing a series of 24 solu- 
tions containing constantly varying proportions of the 
components over the whole composition range between 
the pure components. With the use of a microburet 
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increasing quantities of normal amyl alcohol were 
measured into successive small flasks in increments of 
0.5 ml. for the first 19 solutions and of 0.2-ml. incre- 
ments for the remainder of the series. Sufficient 
water was then added to make a total volume of 10 ml. 
In most of the flasks two-phase liquid systems were ob- 
tained which were reduced to the desired homogeneity 
by the addition of 95 per cent ethyl alcohol. Various 
other solvents were first tried, but the least quantity 
needed to produce homogeneity was given by the 
ethyl alcohol. 

Previous trials indicated that a minimum of 7 ml. of 
the ethyl alcohol was required to bring about homo- 
geneity in the 10-ml. samples of the two-phase systems. 
Therefore, to every prepared sample, 7 ml. of ethyl 
alcohol were added, thus bringing the total volume to 
17 ml. To all distillation samples subsequently col- 
lected, sufficient ethyl alcohol was added to maintain this 
volume ratio of 10 parts of the sample to 7 parts of ethyl 
alcohol. Smaller quantities of the mutual solvent pro- 
duced turbidity. The refractive indexes of the pre- 
pared solutions were determined at 25°C. with an 
Abbé refractomer. 


TABLE 1 


DaTA FOR REFERENCE CURVE 


Volume Mol 
Volume Amyl Moles Fraction 
Solution Water, Alcohol, Amyl Amyl Index of 
No. MI. MI. Alcohol Alcohol Refraction 
1 10.0 0.0 0.0000 0.0000 1.3479 
2 9.5 0.5 0.0046 0.0088 1.3510 
3 9.0 1.0 0.0093 0.0183 1.3537 
4 8.5 1.5 0.0139 0.0288 1.3565 
5 8.0 2.0 0.0186 0.0403 1.3591 
6 7.5 2.5 0.0232 0.0529 1.3612 
if 7.0 3.0 0.0279 0.0672 1.3634 
8 6.5 3.5 0.0325 0.0803 1.3659 
9 6.0 4.0 0.0372 0.1008 1.3688 
10 5.5 4.5 0.0418 0.1205 1.3705 
ll 5.0 5.0 0.0465 0.1439 1.3732 
12 4.5 5.5 0.0511 0.1703 1.3760 
13 4.0 6.0 0.0558 0.2010 1.3781 
14 3.5 6.5 0.0605 0.2381 1.3802 
15 3.0 7.0 0.0652 0.2821 1.3823 
16 2.5 7.5 0.0698 0.3354 1.3835 
17 2.0 8.0 0.0745 0.4024 1.3852 
18 1.5 8.5 0.0791 0.4879 1.3867 
19 1.0 9.0 0.0838 0.6025 1.3879 
20 0.8 9.2 0.0857 0.6597 1.3889 
21 0.6 9.4 0.0876 0.7258 1.3896 
22 0.4 9.6 0.0895 0.8027 1.3900 
23 0.2 9.8 0.0914 0.8924 1.3904 
24 0.0 10.0 0.0933 1.0000 1.3908 


The mol fraction of the normal amyl alcohol in each 
solution was calculated on the basis of a total volume 
of 10 ml. The presence of the ethyl alcohol was dis- 
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regarded, since this factor is automatically canceled 
when the refractive indexes are applied to the refer- 
ence curve for the determination of their compositions. 
The amyl alcohol used had a boiling point of 136 to 
137°C. at 748.6 mm. pressure and a density of 0.8199 
at 25°C. The data obtained for the reference curve 
are shown in Table 1. 

The refractive indexes were plotted on a very large 
scale as ordinates against the mol fraction of normal 
amyl alcohol as abscissas. This gave a smooth, con- 
tinuous curve, which was not too flat at the higher 
mol fractions for readings of good precision. By re- 
ferring the indexes of refraction of the various distilla- 
tion samples to this curve, their corresponding compo- 


sitions were determined. 


THE DISTILLATION APPARATUS 


Two distillations were made, one with an excess of the 
amyl alcohol and the other with an excess of water. 
The procedure was the same in both cases. The dis- 
tillation system is shown in Figure 1. It consists of a 
500-ml. distilling flask a equipped with a 45-cm. side 
arm d of 5-mm. bore. This long side arm, which func- 
tioned as an air condenser, was bent sharply downward 
at an angle of about 45° to facilitate rapid passage of 
the distillate. The neck and upper portion of the bulb 
of the flask were covered with a thick layer of asbestos. 
Small narrow slits cut diagonally opposite in the 
jacket provided for inspection of the contents of the 
flask. These openings were closed with strips of asbestos 
during most of the distillation process. 

In order to oktain smooth curves bounding the vari- 
ous areas of the temperdture-composition diagram, it is 
necessary to obtain samples of distillate and residue as 
nearly simultaneously as possible. The distillation 
system, therefore, had to be so constructed that small 
quantities of the liquid could be readily removed from 
the flask without interrupting the boiling. To accom- 
plish this a capillary delivery tube b for obtaining resi- 
due samples was inserted through the stopper, with the 
lower opening at a level near the center of the liquid 
contents. The upper end was bent downward in an 
arc, as shown in the figure. Two receiving containers, 
e and f, were constructed, one for the residue and the 
other for the distillate, respectively. These consisted 
of small lengths of 7-mm. pyrex tubing, closed at one 
end and carefully calibrated to 1 ml. The residue-re- 
ceiving container was equipped with a short side arm. 
A small rubber gasket c, which fitted into the neck of e, 
was drawn over the end of the residue delivery tube. 
To obtain a sample of the liquid within the flask, the 
upper end of tube } was inserted into the container e 
with the gasket closing the neck. Liquid from within 
the flask was readily obtained by suction on the side 
arm. To insure that the residue samples were repre- 
sentative of the liquid within the flask, the residue 
delivery tube was each time blown free of trapped liquid 
and the samples immediately withdrawn, as described. 
A thermometer with 0.2° scale divisions was used. 
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FicurRE 1.—THE DISTILLATION APPARATUS 


THE DISTILLATION PROCESS 


About 250 ml. of the amyl alcohol were placed in the 
distilling flask and enough water added until,, after 
vigorous shaking for about 10 minutes, a double liquid 
layer was just noticeable. The flask was then heated 
slowly in an oil bath until the liquid just started to boil. 
The boiling rate was so regulated that the vapor front, 
which was clearly observed, was held to a point between 
15 and 20 cm. from the lower opening of delivery tube d. 
After discarding the first few milliliters of distillate, 
but with a double layer still existing in the flask, exactly 
1 ml. of distillate was collected. As quickly as pos- 
sible a 1-ml. sample of the residue was collected from 
the alcohol layer, as previously described. 

Upon cooling to room temperature, two liquid layers 
appeared in the distillate sample, but after the addition 
of 0.7 ml. of 95 per cent ethyl alcohol the sample be- 
came homogeneous. The same volume of ethyl alcohol 
was added, likewise, to the residue sample. The sam- 
ples were placed in respective test tubes, tightly stop- 
pered, labeled, and reserved for the refractive index 
measurements. 
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FIGURE 2.—TEMPERATURE-COMPOSITION DIAGRAM OF THE 
n-AMYL ALCOHOL-WATER SYSTEM 


Observed Pressure, 


Mm, Observed 
744.6 94.7 
744.6 96.7 
744.6 97.9 
744.3 99.3 
750.3 94.9 
750.4 101.3 
750.4 118.9 
750.4 126.5 
750.5 132.0 
750.5 134.8 
750.8 136.6 


* Interpolated from the reference curve. 


Temperature, 
Corrected to 760 Mm. 
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During the initial stages of the distillation process, 
the temperature remained constant until the water 
layer disappeared from the flask. At this point the 
temperature started to increase. The temperature 
was then gradually raised, and other samples of the 
distillate and the residue were collected over the re- 
maining temperature range up to the boiling point of 
the pure amy] alcohol. 

The process described was duplicated for a system 
containing an excess of water. This time 250 ml. of 
water were added to the flask. To this enough of the 
amyl alcohol was added until, after shaking for several 
minutes, a double layer was again observed. As be- 
fore, a number of distillate and residue samples were 
collected, one set at the temperature of coexistence of 
the two saturated liquid phases and others over the re- 
maining temperature range up to the boiling point of 
water. As before, ethyl alcohol was added to every 
sample in the volume proportions of 7 parts of ethyl 
alcohol to 10 parts of the sample. The refraction in- 
dexes of the various samples were measured at 25° 
and their compositions determined by applying to the 
reference curve. The data are assembled in Table 2. 
The miscibility of the components in each other at 25° 
was determined by shaking them together at room tem- 
perature and then suspending the resulting two-phase 
system in a thermostat bath at 25°. Samples from each 
layer were obtained and the proper proportions of ethyl 
alcohol added. Their compositions were then deter- 
mined as described. 

The mol fractions of the normal amyl alcohol in the 
various samples of the distillate and the residue were 
plotted against the corresponding boiling points. The 
boiling points were corrected to 760 mm. of mercury. 
The temperature-composition diagram obtained is 
shown in Figure 2. 


TABLE 2 


DATA FOR TEMPERATURE-COMPOSITION DIAGRAM 


°C. 


oowo 
conc 
Corw & 


95.3 
101.7 
119.3 
126.9 
132.4 
135.2 
137.0 


Refractive Index at 25° 
Distillate Residue Distillate Residue 


Mol Fraction of Normal Amyl Alcohol* 


Distillation with excess water 


1.3737 


3549 0.145 0.024 


3. 
1.3668 1.3539 0.084 0.020 
1.3576 1.3510 0.035 0.009 
1.3503 1.3502 0.000 0.000 
Distillation with excess amyl] alcohol 
1.3738 1.3867 0.145 0.481 
1.3818 1.3875 0.270 0.536 
1.3882 1.3896 0.592 0.740 
1.3895 1.3902 0.730 0.844 
1.3902 1.3905 0.844 0.920 
1.3905 1.3907 0.920 0.968 
1.3908 er 1.000 0.000 


A SIMPLIFIED COTTRELL PUMP FOR THE DETERMINATION OF MOLECULAR WEIGHTS 
(Continued from page 535) 


accepted value of 128, with a maximum deviation of 
7 per cent. The molecular weight of four samples of 
cane sugar was found to be 337 (accepted value of 
342), with a maximum deviation of 7 per cent. 


The authors wish to thank Professor Ross A. Baker 
for his many useful suggestions and assistance. We 
also wish to thank Mr. Harold Wilson for supplying 
the drawings. 
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Is the School Laboratory a Frankenstein? 


JOHN S. SHAW 


Hercules Powder Company, Wilmington, Delaware 


Y DAUGHTER came home from school one day 

with inflamed eyes and a bad bronchial cough. 
She explained that her art class had been etching glass, 
and the ‘‘stuff”’ they used for etching irritated her eyes 
and lungs. I asked the chemistry teacher at the school, 
a man I knew, to investigate. He found the art classes 
working in a closed room with hydrofluoric acid, with 
no idea of the potency of the acid or the proper pre- 
cautions for using it. He promptly arranged for all 
art classes to meet in his laboratory and work under 
ventilating hoods until the project was completed. 

The incident brought to a head for me a long-held 
belief that too many of our schools and colleges are 
potential frankensteins, ready to cripple and scar their 
students through ignorance of chemical safety. Failure 
to take proper safety precautions has led to accident 
after accident in student chemical laboratories. Some 
are small .. . like a spark burn from spilling metallic 
sodium on a desk where water had not been wiped up. 
Others are large . . . like eyes burned out and flesh eaten 
away by exploding flasks of hot acid. But very few 
laboratories in the thousands of schools and colleges 
throughout the country can report a perfect safety 
record. . 

In talking to my daughter’s chemistry teacher, 
Herschel Loomis, I found that he, too, had long fretted 
over the need for a planned safety program for student 
chemical laboratories. That the incident which pro- 
voked us to action occurred in an art class rather than in 
a chemical laboratory did not alter the need. Rather, 
it highlighted it. For, fundamentals of chemical 
safety, once learned, are applicable in the laboratory, 
the art room, the home, practically every place that 
houses human activity. 

Chemical safety is built upon two solid rocks: an 
understanding of the laws of chemistry and physics 
that govern the elements and their compounds, and a 
thorough planning for all the possibilities that may 
result from .their chemical-physical behavior or mis- 
behavior. 

Young people just beginning their study of chemis- 
try cannot be expected to have a thorough knowledge 
of chemical matter. That knowledge comes with years 
of experience. And yet students cannot afford to 
learn by hazardous trial-and-error. They need a set of 
safety rules that explain the behavior of the more active 
elements and give directions for controlling their 
activity without creating an accident-situation. They 
also need to know what to do in case an emergency does 
arise. 

A set of safety rules! From our combined class- 


room and industrial experience, Mr. Loomis and I 
wrote down every chemical hazard we knew and how 
best to avoid it. We asked the help of chemistry in- 
structors in nearby schools and colleges. And then we 
submitted the list for further amplification to scientists 
at the Hercules Experiment Station who devote their 
lives to the study of how chemicals react, and why, 
and how to control those reactions to achieve material 
benefit. 

When the list was completed, it automatically broke 
into two sections—the safety precautions for chemistry 
students, and the precautions that were the instruc- 
tor’s responsibility. And thus it was printed, with the 
student’s instructions on one side of a placard for ready 
reference, and the instructor’s information on the other. 
One placard was used for both sections with the thought 
that, if students and faculty each know the responsibili- 
ties of the other, the two groups working together form 
a double guard over full enactment of the safety regula- 
tions. 

Safety instructions for students are deliberately kept 
close to situations they will experience, rather than 
profound generalities. How to handle equipment, what 
precautions to take with certain chemicals, a proper re- 
spect for flammable materials—these instructions are 
applicable from the start of high-school chemistry 
through the advanced stages of college study and into 
the industrial or technical laboratory. For example, 
when glass tubing is heated for bending, many a 
burned palm might be prevented if a student held a hot 
tube with his tongs close to but not touching his free 
hand and tested its heat by blowing across the-tube 
against his hand to see if the tube warms his breath. 

An amateur testing for ammonia or similar odorous 
chemicals often draws in a good whiff of an unknown 
compound. If the tester will waft a little of the air 
above the chemical toward his nose with one hand 
and smell an air-diluted vapor, he may save himself a 
deep draught of possibly poisonous gas. If the teacher 
or the members of my daughter’s art class had learned 
in chemistry that ‘chemical vapors are generally 
poisonous to breathe” and certain ones should be liber- 
ated only under ventilating hoods, they might have 
thought twice before sticking their noses into hydro- 
fluoric acid vapors without adequate ventilation in the 
room. 

They “might” have thought, indeed! One of the 
most difficult points to put across to chemical experts— 
the men who determine the course of study for students 
of chemistry, the men who insert or delete safety in- 
formation—is that boys and girls in the average student 
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group are inexperienced, prone to carelessness, and 
sometimes totally irresponsible. 

Consider the case of the laboratory class busy pur- 
suing the experiment assigned for the day, except for 
one boy bent on his own experiment. He was heating 
two quarts of villainous-looking brown liquid to which 
he added a dash of one chemical and a jigger of another 
from time to time. Just as he got the material to boil- 
ing briskly the instructor came up behind him. 

“What is that?” asked the instructor. 

“I got hold of some toluene,’’ the boy answered 
proudly. ‘I’m making trinitrotoluene.”’ 

The instructor wrapped the flask in every available 
towel and tiptoed to the basement holding the poten- 
tial bomb tight against his chest. He poured the mix- 
ture over some blocks of ice, thereby slowing down the 
reaction. Questioned later, the student said, yes, he 
knew that TNT was explosive, but he never thought 
about its being dangerous in the laboratory. He 
simply never thought.... 

What to do in case of emergency is also fundamental. 
Water is the primary antidote in the chemical labora- 
tory, whether it be for washing acid-stained hands in 
the laboratory sink, or as a life preservative in a safety 
shower. Knowledge of first aid is a valuable attribute 
for a student chemist. 

Safety instructions for teachers and laboratory 
directors attempt to solve potential crises before they 
develop. Among the instructor’s responsibilities is the 
proper storage of chemicals. Stored chemicals need to 
be inspected frequently to make sure that they are re- 
maining stable; for instance, replace any water evapo- 
rated from yellow phosphorus or kerosene from metallic 
sodium. The wise instructor will also arrange chemi- 
cals in such a way on the shelf that students will have 
the least possible opportunity to mistake a container 
or to get a poor grip on a bottle and drop it. 

All bottles containing chemicals should be plainly 
labeled. Unless materials found in unlabeled bottles 
can be positively identified, they should be disposed of 
safely. Violent poisons should be labeled prominently 
with the word ‘“‘POISON.”’ 

The importance of proper equipment for each experi- 
ment cannot be overemphasized. Stoppers and tubes 
must fit exactly. Pipets should be filled using a suction 
pump or aspirating tube, never by sucking the pipet 
with the mouth; a student is apt to draw some toxic 
or corrosive chemical into his mouth by accident and 
poison or burn himself badly. All glass tubing should 
be firepolished to remove sharp cutting edges. Not 
only should equipment be inspected when it is issued, 
but regularly scheduled inspections keep the instructor 
acquainted with the condition of all equipment during 
itsuse. They also help to achieve good housekeeping. 

Precautions listed on the Hercules safety chart are 
those that would normally occur to a laboratory instruc- 
tor—protective clothing, explosion-releasing ovens, 
ventilating hoods over experiments with volatile flam- 
mable liquids, safety glass shields when experiments are 
particularly hazardous, flammable materials guarded 
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from matches and open flames. The common use of 
ether should be recognized as fraught with danger be- 
cause of the readily flammable nature of this solvent. 
Yet, even though they sound logical, the number of 
times those precautions are not taken is legion. 

Instructors, too, are sometimes thoughtless. One 
young instructor found a leak in a hydrogen sulfide 
generator being worked very properly under a hood. 
Instead of fixing the leak under the hood, he rushed 
with the generator across the laboratory to the sink. 
The fumes overcame him and he passed out. As he fell, 
he hit his head on the corner of a desk and lost an eye. 

Industrial chemical laboratories have found it ad- 
vantageous to stress the importance of eye protec- 
tion and some insist that safety glasses be worn at all 
times. The industrial company usually pays the en- 
tire cost of eye protection programs. No more tragic 
interruptions of careers can occur than sudden loss of 
eyesight through accident. It would be a splendid 
thing for school] laboratories to follow this lead to the 
best of their abilities. 

The question of laboratory ventilation has received 
considerable attention lately. Ventilating hoods located 
over desks to carry out the toxic fumes are no longer 
considered sufficient. Ventilation should be achieved 
both at the ceiling and the floor of the laboratory. 
In one college laboratory, a student doing a bromine 
experiment got so involved in his paper work in the 
laboratory manual that he failed to notice the stopper 
on the flask rise slowly from the force of the heating gas 
and release heavy brown fumes that curled down the 
bottle, across the desk, and onto the floor. A draft 
blew one of his papers to the floor, and, as the student 
bent down to pick up the paper, he got the full effect 
of the bromine gas in his eyes. For two days he was 
totally blind, but gradually the effect wore off and his 
eyes returned to normal. Floor ventilation might 
have drawn off those fumes and prevented the near- 
tragedy. 

Explosions and fires are two very real dangers in a 
chemical laboratory. An explosion is over almost before 
it begins. But it is apt to result in a fire. Therefore, 
fire-fighting equipment is a prime requisite of any chemi- 
cal laboratory. The old standby, water, is hard to beat 
for fighting fires. A connected water hose should be con- 
venient at all times to all parts of the room, including 
storage closets. In addition, every laboratory should 
contain a carbon tetrachloride extinguisher located 
near electrical equipment to put out electrical fires, 
and a foam extinguisher for oil fires as well as for other 
combustibles such as rags, paper, and wood. 

Carbon dioxide is a good general extinguishing agent 
for oil and electrical fires, and for certain types of 
Class A (combustible materials) fires. Despite their 
higher price, carbon dioxide cylinders are much in use in 
industrial laboratories because of their wide efficiency. 
A new development in fire extinguishers is a cylinder 
that releases a water fog to coo) and suffocate the fire. 
Though nothing but highly dispersed water, this fog 
blanket is a nonconductor safe for practically every 
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type of fire. However, for the average student chemi- 
cal laboratory, a water hose, a carbon tetrachloride 
extinguisher, and a foam extinguisher should cover 
every need. 

Wool blankets should be provided for use in clothing 
fires. This is especially important in laboratories 
handling highly flammable liquids. It is most desir- 
able that the blankets be readily accessible at all times. 

But having fire-fighting equipment available is not 
sufficient. Students must be thoroughly trained in its 
use. If an excited student grabbed the water hose to 
put out an electrical fire, he might easily be killed by 
shock, because water readily conducts electricity. 
An understanding of the chemistry behind the need for 
more than one type of fire extinguisher will give a 
student some background for judging what to do when 
an emergency does arise. Practically every school these 
days has organized fire drills or exit studies. But a 
chemistry instructor should double check to make cer- 
tain that his students know how to leave the building in 
case of fire. 

A laboratory instructor has a grave responsibility for 
the safety of his students. One science instructor in a 
private high school wrote: ‘“‘For the past 12 years I 
have watched with great concern the actions of my 
beginning class in chemistry. Would there be among 
this group one who would suffer irreparable damage to 
his body, through some needless and preventable acci- 
dent? How tragic, if, when time is short, I failed to 
point out some hazard and an accident occurred which 
would deprive one of our youngsters of an equal chance 
in life.’’ If only all chemistry instructors felt their 
responsibility so.sincerely! 

In beginning courses in chemistry, the instructor will 
do well to go through each new experiment with his 
classes before he allows them to try it. In this way he 
can point out the right way to do the experiment, and 
underline the wrong way. 

Too often, laboratory instructors are not thoroughly 
qualified for supervision by the knowledge and stability 
that comes with experience. Too often they are only a 
year or more ahead of the students they supervise. 
Instructors, too, cause accidents. For example, an in- 
structor in a college freshman chemistry course was 
demonstrating how to make hydrogen by the reaction of 
sulfuric acid with zinc. The experiment exploded, and 
the highly corrosive acid sprayed the first two rows of 
the class, causing severe burns to a few and lesser burns 
to many. By all the elemental rules of safety the 
instructor should have placed a safety screen between 
the demonstration table and the students. 

The chemical instructor, then, is the teacher, the 
supervisor, and the example of safety in his laboratory. 
In developing safety-consciousness in his classes, he 
takes his turn at the potter’s wheel shaping the future. 
For among his students are the chemists and chemical 
engineers of the next decade, the technicians who will 
blueprint the progress of industry. On their apprecia- 
tion of safety will depend fortunes, the lives of men, and 
the success of great enterprises. For what good is a 
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man or a plan or a plant which has been blown to bits! 

The instructor has other shoulders helping him bear 
his burden of responsibility. In industry today, nearly 
every company is studying better safety practices and 
experimenting with more efficient safety equipment. 
Many affiliated and independent agencies are also 
working out better safety methods—such groups as the 
Bureau of Standards, the Bureau of Mines, the Under- 
writers’ Laboratories, the National Fire Protection 
Association, the American Society for Testing Mate- 
rials, the American Standards Association, and the 
National Safety Council. 

The National Safety Council has taken some interest 
in the safety problem in student chemical laboratories. 
It has encouraged writers of chemistry textbooks to 
weave safe practices into their texts. It has distributed 
pamphlets, charts, and posters to chemistry teachers in 
an effort to make them safety-conscious. The Her- 
cules chart of Safety Instructions in Chemical Labora- 
tories is one of the instruments available to the Council 
and to anyone else interested in safety. If you would 
like a copy of the chart to hang in your laboratory, ad- 
dress your request to Hercules Powder Company, Wil- 
mington 99, Delaware. 

But there is still lots of work in chemical safety educa- 
tion to be done. The Hercules chart does not list all 
the information needed for safe conduct through a 
chemical world. It merely seeks to arouse interest in 
safety, and help in the promotion of safety among the 
youth of our nation. Through the more complete 
safety education of the chemistry students of today, 
we at Hercules hope to acquire responsible technicians 
to man our plants and the rest of the nation’s industry 
tomorrow. 


TEACHERS’ SAFETY INSTRUCTIONS IN CHEMICAL 
LABORATORIES 


The safety education of your students is as much your 
responsibility as their chemical education. 


CHEMICAL OPERATIONS 


1. Before every new experiment, explain the possible ¢hemi- 
cal hazasds and tell how they can be avoided. 

2. Examine all apparatus for defects before it is issued. 
Inspect it regularly during use. 

3. Provide aspirating bulbs, suction pumps, or rubber tubing 
connected to a water aspirator for filling pipets and starting si- 
phons. Never allow students to use mouth pipets. 

4. Provide students with goggles or face shields, rubber 
gloves, and aprons when handling acids, alkalies, or other cor- 
rosive materials. j 

5. Keep matches, open flames, and electric hot plates well 
away from all work with flammable solvents, and preferably in an- 
other room when such materials as ether, acetylene, benzol, ace- 
tone, alcohol, hydrogen, or carbon bisulfide are used. 

6. Distill or heat all volatile flammable liquids under a 
ventilating hood, using a pyrex or other heat-resisting glass, with 
a safety-glass shield protecting the operator. Place under the 
flask a pan of sufficient capacity to hold the volume of liquid in 
case of breakage. 

7. For drying explosive or highly flammable material, use 
ovens equipped with latches that spring open under low pres- 
sures. Dry the materials containing volatile flammable liquids in 
steam ovens under a hood. Never use open flames or electric hot 
plates unless all electrical equipment is explosion proof. 
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FIGHTING FIRES 


8. Keep all fire-fighting equipment, such as hand extin- 
guishers and connected water hose in good condition. Inspect 
them regularly. Drill students on their location and proper use. 

9. Provide wool blankets for extinguishing clothing fires and 
for smothering small fires, especiallyin laboratories handling highly 
flammable liquids. Treat the blankets for moths and keep them 
readily available. 


STORAGE OF CHEMICALS 


10. Store all chemicals so that their labels are prominently 
displayed. 

11. Keep poisons in bottles marked with skull and crossbones 
and the word POISON. Store them apart from ordinary re- 
agents. 

12. Unless materials found in unlabeled bottles can be posi- 
tively identified, dispose of them separately and carefully. 

13. When storing chemicals on shelves, provide ample space 
between bottles so that students can grasp the bottles firmly. 
Spacing can be maintained by wooden strips fastened on shelves. 

14. Place heavy bottles as near the floor as possible and brace 
them well. 

15. Some chemicals require particular care in storage. For 
example, store metallic sodium and metallic potassium in kerosene 
in glass bottles sitting in metal cans, because they react vio- 
lently with water. Keep them away from water drips. Inspect 
them frequently to make certain that the kerosene has not 
leaked away. 

16. Store yellow phosphorus by submerging in water in glass 
bottles sitting in metalcans. Inspect frequently for water leakage. 

17. Donot store metallic sodium and metallic potassium near 
yellow phosphorus. If the sodium or potassium were accidentally 
returned to a container of phosphorus under water, there would be 
“fireworks.” 


Remember, these rules are not all-inclusive. They point out 
only a few of the common laboratory hazards for chemistry in- 
structors to recognize and guard against. To anticipate an ac- 
cident, and to prevent it before it happens is safety. 


SAFETY INSTRUCTIONS IN CHEMICAL 
LABORATORIES 


STUDENTS’ 


CHEMICAL EQUIPMENT 


1. Treat chemicals and apparatus at all times with care and 
respect. Laboratory accidents are usually the result of careless- 
ness or ignorance, or both. Your carelessness may cause serious 
injury—cuts, burns, blindness, poisoning, suffocation—not just 
to yourself, but to your classmates as well. 

2. Label accurately all bottles and other containers for 
chemicals and keep each in its proper place. 

3. Good housekeeping and neatness are essential. Be sure 
that all apparatus is absolutely clean before using, and before 
putting it back. 

4. The ends of all glass tubing should be firepolished to 
eliminate cutting edges. But, be sure the tubing is cool before 
handling. 
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CHEMICAL OPERATIONS 


5. Set up apparatus back from the edge of the desk to re- 
duce the chances of its being knocked off. 

6. Toinsert glass tubing into stoppers, ascertain first that the 
hole is large enough to accommodate the glass. Moisten the 
tube and stopper thoroughly. Hold the stopper between thumb 
and forefinger, not in the palm of the hand. Grasp the tube close 
to the end that is to fit in the stopper and twist it in with a 
slight rotary motion. Have the tubing protrude all the way 
through the stopper, so that the hole cannot close when the 
stopper is heated or attacked by solvents and other chemicals. 

7. In pouring a liquid, always grasp the bottle so that the 
label is in the palm of the hand. In this way, the drop that often 
runs down the side of the bottle will not come in contact with 
your hand, or ruin the label. Hold the stopper between the 
knuckles of the hand holding the bottle. This avoids contami- 
nation of the stopper, or possible damage to you or the desk. 

8. Perform experiments that liberate poisonous vapors under 
ventilating hoods. Many chemical vapors are poisonous to 
breathe. Some deadly vapors cannot even be smelled. 

9. Keep your face away from any chemicals being heated 
in open apparatus. Use goggles to protect your eyes. 


HANDLING MORE HAZARDOUS CHEMICALS 


10. Avoid contact of all acids and alkalies with the skin. 
Many corrode flesh. 

11. Ether is particularly dangerous to handle, because it 
catches fire readily. 

12. Always cut yellow phosphorus under water because it 
reacts violently with air. 

13. Use calcium chloride in preference to sulfuric acid as a 
desiccating agent, because calcium chloride is not as corrosive 
as the acid. 

14. Clean up spilled mercury by scooping it from one paper 
onto another without touching it with bare hands. Mercury is 
poisonous and corrosive. 

15. Do not place bottles of volatile flammable liquids in 
direct sunlight or near heat. Do not allow liquids to act as a lens 
in focusing the rays of sunlight, and thus start fires. 

16. Discard volatile or flammable liquids in covered waste cans, 
not in the sink. 


IN CASE OF ACCIDENT 


17. Obtain first aid immediately for any injury, no matter 
how slight. 

18. Never neutralize a chemical in the eye with another 
chemical. Use water freely, gently, and continually until the 
doctor takes charge. A bubbler drinking fountain is a good 
agency for washing eyes. 

19. Familiarize yourself with the location and use of fire- 
fighting equipment in the laboratory, both hand extinguishers and 
connected water hose. Water can be used on all but oil and 
electric fires. Foam extinguishers put out oil fires. Carbon 
tetrachloride extinguishers are effective against electric fires. 
Carbon dioxide extinguishers can be used on all fires, but water 
may also be required for complete quenching. 


Shopping advice— 
It’s well to heed it— 
*‘How fair’s the price?”’ 
And ‘‘do I need it?’’ 
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Division of Chemical Education 


OF THE AMERICAN CHEMICAL SOCIETY 


MINUTES OF THE EXECUTIVE COMMITTEE MEETING 
McAlpin Hotel, New York, September 12, 1944 


Present: L. L. Quill, Chairman; H.N. Alyea, Vice-Chairman; 
C. E. White, Treasurer; N. W. Rakestraw, Editor of 
JOURNAL OF CHEMICAL EpucaTion; Paul H. Fall, 
Secretary. 


Dr. C. E. White, treasurer, read his report which was approved 
and had been audited by Dr. M. P. Puterbaugh and found 
correct. It accompanies this report. 

Motion made, seconded, and passed that miscellaneous bills, 
which were presented by the chairman, secretary, and treasurer 
be approved and be paid by the treasurer. 

By unanimous vote the Executive Committee approved the 
recommendation made by Dr. O. M. Smith, Chairman of the 
Committee on Examinations and Tests; that the following mem- 
bers be appointed on this Committee for the three-year term 
ending September, 1947: T.A. Ashford, University of Chicago; 
Dale Dreisbach, University of Akron; Gordon H. Pritham, Uni- 
versity of Scranton. 

Since the term of W. L. Evans as a member of the Board of Pub- 
lication of the JOURNAL OF CHEMICAL EDUCATION expired at this 
time, motion was made, seconded, and passed, that Dr. John A. 
Timm, of Simmons College, be elected to the Board for the three- 
year term ending September, 1947. By unanimous vote the 
Executive Committee approved the recommendation of the 
Board of Publication of the JouRNAL OF CHEMICAL EDUCATION 
that the Executive Committee of the Division enfer into a supple- 
mental agreement to the contract with the Mack Printing Com- 
pany for publishing the JouRNAL, to the effect that beginning 
January 1, 1945, the surplus profits received from publishing 
the JouRNAL be equally divided between the management and 
the Division of Chemical Education. Heretofore the ratio had 
been 10 per cent to the management and 90 per cent to the Divi- 
sion with the proviso that at least 80 per cent of the Division’s 
share should be put back into the JouRNAL for improvement or en- 
largement. However, up to the present there have been no sur- 
plus profits but rather a debt of long standing, but by January, 
1945, this will all be paid. The Executive Committee indicated 
its intention that at least 80 per cent of the profits reverting to 
the Division should be used for improvement or enlargement of 
the JOURNAL. 

Motion passed that the Division affiliate with the National 
Science Teachers Association (NSTA). This will indicate inter- 
est and good will and involves an expenditure of only $2.00 per 
year as dues. 

Motion passed that L. L. Quill be designated as the representa- 
tive of the Division of Chemical Education on the Cooperative 
Committee on Science Teaching. 

Plans for symposia for future meetings were discussed but no 
formal action taken. 

Paut H. FA, Secretary 


TREASURER’S REPORT 


Receipts 
Balatice, Gert: Ui 1O4G a 5 csdeigeiw cc tie ok $273.44 
DUS ACO WNPMEEE Gs 55.65 werd ce veld det ale 175.10 
Dues for 1945 paid in advance............ 6.00 
Dues for 1943 paid in arrears............. 1.00 
Interest on savings account............... 2.25 
Interestion Wet Bom ici. i cscs cesicc cote 7.50 
Liquidation dividend on account of previous 
treasurer from closed bank.............. 4.03 
RGMMIBORIO oo 85 os Bcd once oe teed eee cus $469.32 


Expenditures 
A. C. S. News Service Abstracts, Pittsburgh 
WQORINEEES 825 card acre unareaonenne Leas $ 8.00 
A. J. Currier, phone call, Pittsburgh meeting 1.26 


Registration, five speakers, Pittsburgh meet- 
Rs tS cea nals hee se Rone eedh aces 15.00 


Secretary’s office for 1943, P. H. Fall....... 25.00 
Secretary’s office for 1944, P. H. Fall...... 50.00 
Envelopes, U. of M. Press................ 2.50 
Stamps, Postmaster, College Park......... 5.10 
A. C. S. News Service Abstracts, Cleveland 
MOONS saa casa en dececahaveheccne bed 11.30 
Mimeographing notices, H. G. Headlee..... 1.00 
TRORG ROMANIANS. sacs och hr ewaceeh ne see $119.16 
ERECTOR) INO eo os. en SS ne oor wwreehe ewe Kate 350.16 


Assets are distributed as follows: 


Checking Account “Division Chemical Education”’ 
Prince Georges Bank and Trust Co., Hyattsville, 


NWROGWMIN eo oc gc auc hace oscuro dex eee ndan wes $259.48 
Savings Account—Same as above...............0065 90.68 
3 U. S. Saving Bonds, $100 each, Nos. C825778g, 

C825779g, C825780g ‘Division of Chemical Edu- 

cation” deposited in the safe deposit box of C. E. 

White at Prince Georges Bank and Trust Co., 

Fiyvattaville; Marglaniel so 6 656d csc Onn ceitesn sees 300.00 

MOCO co cwoSteaunceegatencncot wee sacueuouais $650. 16 


C. E. Wuite, Treasurer 
Audited and found correct 
9/12/44 
M. P. PUTERBAUGH 


MINUTES OF BUSINESS MEETING 
McAlpin Hotel, New York, September 13, 1944 


The secretary gave a summary of the minutes of the Pitts- 
burgh meeting in September, 1943, of the Executive Committee 
meeting in Cleveland in April, 1944, and of the meeting of the 
Board of Publication of the JouRNAL OF CHEMICAL EDUCATION 
on Monday, September 11, 1944. He also gave a complete 
report of the Executive Committee meeting held on Tuesday, 
September 12, 1944. 

Motion made, seconded, and passed that the Division approve 
the action of the Executive Committee. 

J. A. Babor reported for the Nominating Committee con- 
sisting of: J. A. Babor, Chairman, College of the City of New 
York; F. D. Martin, Purdue University; L. E. Steiner, Oberlin 
College. 

This Committee presented the following slate: 


Chairman: L.L. Quill, University of Kentucky 
Vice-Chairman: J. E.Cavelti, Allegheny College 
Member at Large: John A. Timm, Simmons College 


Motion made, seconded, and passed that the report be ac- 
cepted. The Chairman then called for any nominations from 
the floor but none was made. The secretary then took over the 
chair and entertained a motion which was duly seconded and 
passed that a unanimous ballot for election of the officers sub- 
mitted by the Nominating Committee be cast by the secretary. 
This was done and the individuals named above were declared 
elected, after which the chair was returned to L. L. Quill, Chair- 


(Continued on page 551) 








Out of the Editors Basket 


LUE laminating of large timbers, developed 

through the united efforts of industry and the 

Navy’s Bureau of Ships, has solved one of this war’s 
major problems in ship construction. 

When the United States entered the war, there was a 
scarcity of large timbers to meet the gigantic construc- 
tion schedules of the Bureau of Ships. Although there 
was no shortage of standing timber, it was realized 
that the supply of large oak timbers, vitally needed 
in shipbuilding, was very limited. Furthermore, the 
time required to obtain large oak logs from the forest, 
process them at the mill, and season the timber was ex- 
cessively long. It was estimated that only one tree 
out of 200 in a white oak forest was suitable for ship 
timbers, and only a small portion of that tree would 
make bending oak. 

Although man has learned much about bending wood 
and splicing it with bolts, shipwrights have always been 
handicapped by the limitations of nature. For cen- 
turies the height of the tree available for the keel gov- 
erned the length of the ship. In olden days shipwrights 
searched the forest for tall trees to make masts and 
spars, and naturally crooked trees for the ship’s knee. 

Glue lamination has solved this problem by making 
large pieces of oak out of small ones. The process re- 
versed the age-old course of dividing big pieces of wood 
into smaller ones. 

It is now possible to build keels or other ship mem- 
bers of almost any desired length, width, thickness, or 
shape from relatively small pieces of wood. These 
timbers possess almost all the desirable features of 
solid wood and several added features. 

Laminating eliminates many of the principal joints, 
thus producing stiffer, stronger members. The three 
fundamental structural parts of a ship—stem, keel, 
and stern post—may now be turned out by laminating 
a single, prefabricated unit, without joints, bolts, or 
other fastenings. 


® Using the same ultraviolet or “‘black light’’ employed 
by FBI and OPA agents in detecting counterfeit money 
and ration coupons, as well as by industry to deter- 
mine the difference in various metals, chemical in- 
gredients, and textiles, physicians are uncovering many 
hidden symptoms of disease, according to observations 
on patients at Bellevue Hospital, New York, made by 
Drs. Maurice J. Costello and Louis V. Luttenberger 
and published recently in the New York State Journal of 
Medicine. 

Commenting on the “‘systematic observation offered 
by Costello and Luttenberger,’’ Dr. Herman Goodman 
of New York states ‘‘the skin of a patient who has been 
exposed to ‘black light’ offers the dermatologist an 
opportunity to enter a new world.” 

“Nothing is as it appears in normal or white lights,”’ 
Dr. Goodman writes. ‘‘The gorgeous blonde is re- 


vealed as a ‘bottle bleach’ because of the monotony of 
hair coloration. The pearly teeth are revealed as 
false by the brown or yellow ceramics of the dental 
manufacturer. The source of alluring odor is seen as a 
pale opalescent bluish patch behind the ear, and on the 
sides of the neck. The ego of the examining physician is 
deflated as he sees the vivid fluorescence of medication 
which had previously been applied, although the patient 
denied consulting other doctors or having made self- 
advised topical applications.”’ 

The most important application of the light in der- 
matologic diagnosis is in detection of fungus infection 
of the scalp, Drs. Costello and Luttenberger conclude. 


@ A portable mechanical smoke generator for use on 
jungle trails, mountain passes, and beachheads is the 
newest smoke-screening device developed by the 
Chemical Warfare Service. Small enough to be car- 
ried in the back seat of a jeep or other similar craft, 
when in use it can be concealed behind a bush or in a 
dugout. With favorable wind conditions this midget 
fog machine can blot out an area five miles long and 
about 200 yards wide. 

Like the larger, M-1, smoke producer, it consists of a 
metal boiler, an air blower, and a small gear pump, 
all operated by a one-cylinder gasoline motor made of 
aluminum. It can make smoke in 40 seconds from a 
cold start. 

The pump forces a mixture of fog oil and water 
through a series of spiral coils inside the boiler, where 
a small gasoline burner heats the liquid. The oil-and- 
water mixture vaporizes inside the heating coils and 
emerges from four small vents on a T-shaped outlet 
valve at the front of the boiler, then condensing into a 
snow-white steam. The blower is used to drive air for 
combustion into the torchlike burner. 

The hollow base of the machine holds tanks for 
enough water and gasoline for more than an hour of 
operation. The fog oil is drawn into the generator 
from oil drums or five-gallon ‘‘blitz’’ cans by means of a 
short rubber hose. 


@From an interesting articfe in Domestic Commerce, 
on ‘‘Where is aluminum in the postwar era’’ we take 
the following: 


Some day when it is all over someone will figure out how much 
longer the war might have lasted if the airplane program had not 
come through on all fronts for the want of aluminum. 

But in addition to planes, up to 90 per cent of total aluminum 
production has found its way to every branch of the service, 
including boats, tanks, battleships, and even G. I. Joe’s mess 
kit. 

Where Will Capacity Go? 

What to do with this tremendous capacity after the war? 
Ironic as it may seem, the answer to that poser may be far more 
difficult and take longer to solve than did the expansion of pro- 
duction from 327,000,000 pounds to 2,100,000,000 in three 
short years. 
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Obviously, the industry cannot immediately utilize in peace- 
time this mushroomed wartime plant. Airplanes will doubt- 
less yield to other products of the transportation industry, 
which has been the largest single consumer of the metal. Aside 
from aviation, no other single activity was developed during 
the war which would be stamped as an outstanding postwar out- 
let. 

But civilian suppliers, denied the opportunity of obtaining 
aluminum at 15 cents per pound because of wartime restrictions, 
may already have developed plans for utilizing surprisingly large 
tonnages. 

Various estimates have been made concerning postwar uses. 
Wild tales have been told about how this versatile metal is going 
to replace abnormally large tonnages of both ferrous and non- 
ferrous metals. In this connection, it is well to remember that 
the history of metals reveals no single metal ever replacing an- 
other simply because it was in abundant supply. In fact, the 
economic position of all metals has been enhanced by a trans- 
cendent one. 

Therefore, it is quite possible that the postwar uses will, for 
the most part, represent a continuation, extension, and a bal- 
ancing out of the prewar pattern. A considerable tonnage will 
be represented in those products which were restricted because 
they were less essential for the war. 

¢ 


@ Properties and current applications of the first com- 
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mercially available Fiberglas fabrics coated on one or 
both sides with synthetic rubbers or resins indicate a 
wide field of use for these materials. 

Coatings employed to date are Neoprene, Koroseal, 
and Vinyl resins. Application of a properly selected 
coating to the glass fabric results in a material with 
high dimensional stability and tear strength, and sub- 
stantially increased flexing resistance. Uncoated glass 
fabrics are not recommended for applications involving 
continuous or severe flexing, but experience to date with 
some of the coated fabrics indicates that they may be 
used satisfactorily under flexing conditions that would 
destroy afi uncoated fabric by internal abrasion. 


@ The president of the Associated Alumnae of Hunter 
College would like to reach all Hunter graduates who are 
chemists. The College is about to celebrate its 75th 
birthday and is eager to have as many of its graduates as 
possible participate in that occasion. All women chem- 
ists, who are graduates of Hunter College, are asked to 
communicate with Ruth Lewinson, 18 East 41st Street. 
New York 17. 


Whati Been Going Ou 


Synthetic Gasoline 


YNTHETIC liquid fuels are once again under the spotlight. 
Investigated in Germany in the early part of this century, 
they first received consideration here around 1925 when failing 
petroleum reserves spurred oil companies to seek new domestic 
sources for liquid fuels manufacture. However, synthetics were 
soon pushed into the background by the discovery in 1931 of 
East Texas’ immense pool of petroleum. Again the specter of 
inadequate petroleum resources to offset increased demands has 
focused attention on the possibility of synthetic liquid fuels for 
the long-range future. To explore this more thoroughly a 
$30,000,000 program is to be carried out over the next five years 
by the Bureau of Mines. 

Early research in Germany, stemming from the same funda- 
mental work that led to their synthetic ammonia and methanol 
(wood alcohol) processes, was directed toward the production of a 
liquid fuel from coal by reaction with hydrogen and from water 
gas, a coal- or coke-derived mixture of hydrogen and carbon 
monoxide gases. The ammonia and methanol processes were 
tapidly adapted to American conditions, but coal liquefaction 
Processes were found economically unsuited to compete with 
crude petroleum. 

The aim of the current program is to develop three approaches 
to economic commercial processes for production of synthetic 
liquid fuels equivalent in use to present petroleum fuels. One 
approach, hydrogenation of coal or coal tars, has already received 
considerable attention both here and abroad, and today is probably 
providing Germany with synthetic fuel. It is, however, an ex- 
Pensive operation involving two major steps; the first, the 
Production of a heavy oil, and the second, conversion of the oil 
to gasoline by the addition of more hydrogen (hydrogenation). 
Another is synthesis of liquid fuels from water gas, derived from 
coal, coke, lignite, or natural gas, developed by Fischer and 
Tropsch in Germany and by Myddleton in England. This also 
isprobably in use in Germany today. The third is oil shale proc- 
essing, now practiced commercially on a small scale in Australia 
and Scotland. As our oil shale reserves are estimated to be high, 
this approach is expected to receive special emphasis. 


Gasoline produced by high-pressure hydrogenation of bi- 
tuminous coal has been estimated in testimony before Congres- 
sional committees to cost from 15 to 22.6 cents a gallon, com- 
pared with 8.5 cents for gasoline made from crude oil selling at 
$2.00 per barrel, about 75 cents above present prices. However, 
it was indicated in this testimony that synthesis by the Fischer 
process, using natural gas, may cost approximately 8.8 to 11 
cents a gallon, which is only a fraction higher than the petroleum- 
derived product. 

Oil shale is a rock-like material from which oil may be dis- 
tilled by heating. ‘It is estimated that United States oil shale 
might produce some 100 billion barrels of oil, or five times the 
present estimated petroleum reserves. The oil from the richest 
shales when processed by standard refinery methods may pro- 
duce gasoline at a cost of from 9 to 11 cents per gallon compared 
with from 5 to 7 cents per gallon for gasoline from petroleum. 
Tar sands, intimate mixtures of tar and sand, are even more 
abundant in North America, with enormous Canadian deposits 
estimated to contain from 50 to 250 billion barrels of recoverable 
oil. Although the Canadian Government has sponsored experi- 
mental work for the past three years in connection with the 
Alberta tar sands, too little is known of recovery and processing 
costs for estimating gasoline costs from this source. 

As the pinch of diminishing domestic supplies of crude petro- 
leum begins to be felt, the first recourse of the refiners will prob- 
ably be to imported oil. As the cost of crude increases, there will 
be greater incentive to obtain higher yields of gasoline by more 
elaborate processing, such as hydrogenation, use of by-product 
gases, and soon. Further increases in costs should then permit 
competitive production of gasoline from oil shale, tar sands, and 
to some extent from natural gas by water gas syntheses. On the 
basis of presently Known European costs, processes based on 
coal would be the last resort in gasoline production. However, 
the proved reserves of natural gas are but little greater than the 
proved petroleum reserves, and in the years to come further 
research and development may improve one of the coal lique- 
faction processes to the point where it would be competitive 
with the distillation of oil shale. 

—Industrial Bulletin of Arthur D. Little, Inc. 
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Progressive Chemistry 


Teaching Gone to Seed 


G. WAKEHAM 
University of Colorado, Boulder, Colorado 


AS ONE who has struggled for a quarter of a century 
with illiterate high-school ‘‘graduates,” I read with 
a sense of shuddering enlightenment Daniel Luzon 
Morris’ frank, illuminating account of “Written re- 
ports in the high-school chemistry course”’ in the Putney 
School, Putney, Vermont.! If progressive chemistry 
teaching has reached this stage of development in con- 
servative, rock-ribbed, Republican Vermont, what 
must it be like in daring, far-western, experimental 
Colorado? This ‘Report of the New England Associa- 
tion of Chemistry Teachers” explains some of my own 
more painful, personal observations. 

The Report contains much useful, if confessedly ob- 
vious, discussion of the most effective means of han- 
dling student-reports; but here and there are alarming 
admissions. For example: ‘The range of possible 
subjects is almost unlimited.” ‘‘Excellent reports 
have come in which scarcely mentioned Lavoisier’s 
experimental work but were concerned with the social 
implications of his life.” ‘‘As time goes on the range 
of subjects branches out until they may eventually 
have little to do with chemistry. Usually a slim 
thread of connection is required, but this is sometimes 
almost invisible.” “If a student wants to write a re- 
port on migratory labor, as sometimes happens, the 
request is turned down.’ This seems deplorable, in 
view of the undoubted importance of the subject, and 
its complete lack of any chemical taint. As time goes 
on it seems that the chemistry teacher must apologize, 
more and more, for introducing any definite chemistry 
into the course. 

The whole question of supplementary reading and 
written reports thereupon needs careful reconsidera- 
tion. It is now generally admitted that most elemen- 
tary chemistry texts contain several times as much 
subject matter as the average student can hope to 
master in the time available. Some excellent writers, 
e. g., Timm, explicitly admit this, but confess their in- 
ability to refrain from putting, apparently, all that they 
know into their texts, on the plea that the teacher can 
then pick out what he wants. Unfortunately, when 
the teacher has listed all of the topics to be omitted, 
the progressively inoculated student is likely to inquire, 
“Why not leave out the rest of it? What’s the use of a 
text, anyhow? Tell us a few stories, and we'll be 
satisfied that you know something about the subject.’ 





1 See THIS JOURNAL, 21, 465 (1944). 


In a recent edition of his excellent text, Professor 
Smith, of the University of Aberdeen (Scotland), de- 
plores the recently developed tradition of encouraging 
extensive “‘outside reading.’”’ There are several motives 
back of this practice. Many teachers, both progressive 
and conservative, feel that some faint interest can be 
smuggled into the course by means of outside reading. 
In a few cases, the curiosities of the more gifted, in- 
quisitive students can be both stimulated and satis- 
fied in this way. More commonly, however, the aver- 
age student gets the fatal idea that he can dodge the 
mental effort of mastering a little definite chemistry 
by reading, in a desultory way, a lot of interesting books 
about chemistry, and absorb, gradually and painlessly, 
enough information to pass the inevitable examinations. 
No form of educational self-deception is more treacher- 
ous. The happy student comes to his teacher with 
half a dozen ‘‘Reference”’ books which he has dug out of 
the library, from the recommended list at the end of the 
chapter in his text. He beamingly asks if he won’t be 
sure to “pass” if he reads them all—during the night 
before the exam. The tragedy is that the more earnest 
and devoted he is in stuffing his mind with irrelevant 
information, the more confused he will become. He 
will induce a degree of mental constipation so acute 
that when he sits down in the examination room his 
mind will refuse to move at all. 

In this age of technology, chemistry students should 
understand that there is no royal road to proficiency 
in any serious branch of learning. While the efficient 
teacher will make his subject as fascinatingly inter- 
esting as he can, students must realize that in every 
productive science there is a fundamental skeleton of 
hard, solid fact, theory, and description that must be 
mastered by intense, brutal memory work. Most 
American texts have gone to seed with superfluous 
details and illustrative subject matter. And when, 
added to this, long lists of outside reading are recom- 
mended, the obfuscation and confusion of the conscien- 
tious student become more confounded. Take up any 
eight-or-nine-hundred-page ‘‘elementary” text, exam- 
ine it carefully, and it will be obvious that even a gifted 
student would have to devote his whole time for an 
academic year to mastering its contents and reporting 
on the “supplementary” reading matter recommended. 

In a practical age, we need concise, accurate texts, 
confined to the subject matter of the course. Reports 
based on “outside” reading should be sparingly used, 
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chiefly for the exceptional student, and the topics 
chosen should be, preferably, helpful to the mastery of 
chemistry, or at least connected with chemistry. They 
should also be within the intelligent grasp of the stu- 
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dent. It is doubtful whether even the most brilliant 
high-school student could make a worth-while report on 
some of the subjects suggested in the Report which 
instigated these remarks, e. g., “quantum theory.” 


Project Teaching in High-School Chemistry 


III. Problematic and Socialized Projects 


WILLIAM C. CURTIS 
Dunbar High School, Washington, D. C. 


SIDE from the construction type, there are numer- 
ous problematic or intellectual and socialized proj- 
ects which enable high-school chemistry pupils to use 
their initiative and resourcefulness in organizing and 
carrying out their self-imposed investigations under 
the supervision of the teacher.! In most instances such 
projects may arise out of situations encountered in the 
classroom or daily living and developed by either in- 
dividuals or groups.’ 

A list of suggestions for intellectual and socialized 
projects which may profitably be undertaken by high- 
school pupils is given below. Nearly all of these are 
of an experimental nature. Many additional ideas for 
learning activities of these types may be found in the 
splendid articles on the subject by Derrick and Woline.* 


PROJECT SUGGESTIONS 


Acids-Bases. Nature of acids and bases and their 

- measurement by titration and in terms of pH (colori- 
metric methods). [J. CHEM. Epuc., 13, 534 (1936).] 

Antifreeze Solutions. Preparation and _ properties. 
[Tbid., 18; 488 (1941).] 

Atom Day. Pupils construct models of atoms as they 
picture them after reading the subject material on 
atomic structure in textbooks and current literature. 
These models are placed on display and discussed 
during a class period designated as “‘Atom Day.” 
[Sch. Sci. Math., 42, 813 (1942).] 

Balancing Chemical Equations. Supplementary exer- 
cises involving the balancing of equations by the 
ion-exchange and double oxide methods. [Jbid., 38, 
511 (1938).] 

Catalysis. An experimental study of catalysis. [J. 
Cuem. Epuc., 12, 362 (1935); 16, 238 (1939).] 

Chemical Calendar. A daily or monthly calendar com- 
memorating the birth or death anniversaries of in- 
dividuals prominently identified with chemistry and 
its related fields. [Jbid., 14, 328 (1937); Sch. Sci. 
Math., 38, 575 (1938).] 

Chemical Calculations. A mastery of the basic mathe- 

matical skills needed in typical calculations in ele- 

1 Curtis, J. CHEM Epuc., 18, 293 (1941); 19, 458 (1942). 

sas 1340) Sch. Sci. Math., 38, 356 (1938); Parrisu, ibid., 40, 
’ DERRICK, J. Cuem. Epuc.,:17, 492 (1940); Woxtng, ibid., 17, 

389 (1940). 


mentary chemistry, followed by the solution of a 
wide sampling of important types of chemical prob- 
lems. 

Chemical Entertainment. 
(1940).] 

Chemistry in Relation to Criminology. An experimental 
study of the various scientific techniques used in the 
identification of criminals. 

Chemistry in Relation to Philately. An investigation to 
determine what knowledge of chemistry can be ac- 
quired through a study of stamps and how stamps of 
chemical interest can be detected. [Sch. Sci. Math., 
37, 910 (1937); J. Cem. Epuc., 11, 259 (1934).] 

Chemistry of Combustion. An experimental study of 

combustion centered around: 

1. Determination of flash points and ignition tem- 
peratures. 

2. Conditions necessary for the propagation of com- 
bustion. [J. CHEM. Epuc., 20, 305 (1943); 
Chem. Leaflet, 17, 1196 (June, 1944).] 

3. Dust explosions. 

4. Explosive range of gases. 

168, 375 (1941).] 

Fire extinguishers. [Ibid., 8, 929 (1931).] 
Incendiaries. (Chem. Leaflet, 15, 97 (Sept., 
1941); 16, 93 (Sept., 1942).] . 
Oxy-hydrogen flame. [J. CHEM. Epuc., 8, 929 

(1931).] 
8. Principles of the calorimeter. 
9. Pyrotechnics. [Sci. and Inv:ntion, 
(July, 1931).] 
10. Spontaneous combustion. 

Chemistry of Fats, Oils, and Waxes. 

Detection of a vegetable oil in a mineral oil. 

Detection of a mineral oil in a vegetable oil. 

Determination of viscosity of oils. 

Determination of melting points of waxes. 

Determination of emulsifying properties of 
waxes. 

Hydrogenation of oils. 
1856 (1931).] 

Boiling point range of hydrocarbons in gasoline. 
[Tbid., 18, 444 (1941).] 

8. Distinguishing waxes from fats. 

9. Foam test for butter and oleomargarine. 


[Sch. Sci. Math., 40, 418 


[J. CHEM. Epuc., 18, 


or 


“I 


19, 229 


om he 


> 


[J. CHEM. Epuc., 8, 
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{10. Distinguishing glycerides from essential oils. 

Chemistry of Foods. [Sch. Sci. Math., 41, 322 (1941); 
42, 1 (1942).] 

Chemistry of Fuels. [Ibid., 36, 25 (1936).] 

Chemistry of Paper. The preparation of handmade 
papers and determination of the relative durability of 
common papers. 

Chemistry of Protective and Decorative Materials. Iden- 
tification, composition, and uses of paint, varnish, 
stain, shellac, and lacquer, together with the identi- 
fication of the ingredients of such materials. 

Chemistry of Soaps. A laboratory study of soaps in- 

cluding such experiments as: 

1. Determination of water in soap. 

2. Detection of free alkali, unsaponified fats, other 
detergents, fillers, etc., in soap. 

3. Soap making on a small scale in the laboratory. 
(J. CHEM. Epuc., 14, 534 (1937); 17, 476 
(1940).] 

4. Utilization of waste soap. 

5. Surface and emulsifying action of soap. 

Colloids. Assigned readings and experimental investi- 

gations centered around such topics as: 

1. Banded gels (Liesegang’s rings). 

2. Colloid cataphoresis. [J. CHEM. Epuc., 6, 334 
(1929).] 

3. Growth of crystals in gels. 
(1929); 14, 84 (1937).] 

4. Growth of salt flowers on coal, etc. 
409 (1934).] 

5. Importance of colloids in daily living. 
18, 590 (1941).] 

6. Musical or ringing gels. 

7. Pectin test. ([Jbid., 6, 224 (1929).] 

8 

9 


[Ibid., 6, 2228 
[Ibid., 11, 
[Ibid., 


Protective colloids. 
Stability of foams. 


Tyndall effect and Brownian movement. 
11. Hydrophilic colloids. [Jbid., 225 (1940).] 
12. Ultracentrifuge. 
Cosmetics. A study of the composition and manu- 


facture of important types of cosmetics, with conclu- 
sions as to their effect on the skin; laboratory prepa- 
ration of simple cosmetics; detection of injurious 
and objectionable ingredients in cosmetics. [Sch. 
Sci. Math., 43, 837 (1943).] 

Community Health and Sanitation. Surveys of the 
school community to determine the adequacy of the 
water supply, sewage and garbage disposal, and 
source of milk supply; and the nature of the house- 
hold safety, insect, and rodent problem. The or- 
ganization and development programs designed 
to impart the needed information to the people 
in the school community. [Jbid., 43, 837 (1943).] 

Electrochemistry. 

1. Construction and operation of: 
(a) Dichromate cell. [J. CHEM. Epuc., 10, 
689 (1933).] 
(6) Galvanometer. 
(c) Lamp board or resistance panel for electro- 
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lytic work. [Chemist Analyst, 22, 5 
(Jan., 1933).] 
(d) Stroboscope. [Sci. Observer, 3, 15 (May, 
1941).] é 
(e) Thermocouple. 
(f) Thermoregulator. 
131 (1936).] 
(g) Vorce cell. [Chem. Leaflet, 17, 1204 (June, 
1944).] 
2. Construction and operation of a potentiometric 
circuit. [J. CHem. Epuc., 13, 581 (1936); 
Chemist Analyst, 26, 40 (April, 1937).] 
3. Electrometric determination of pH. 
server, 3, II, 13, 18 (March, 1941).] 
4. Electroforming, electrolytic cleaning of metals, 
and electroplating metallic objects. [Prod- 
ucts Finishing, 5 (4), 36 (1941); Chem. Leaflet, 
15, 1271 (July, 1942); The Monthly Rev., 
Amer. Electroplaters’ Soc., 30, 350 (April, 
1943).] 
5. Electroplating nonmetallic objects. [The Iron 
Age, 147, 50 (June, 1941); Chem. Leaflet, 16, 
1465 (Aug., 1943) (baby’s shoes).] 
6. Electrolytic preparation of Nobili’s rings, French 
jewelry, white lead, hypochlorite solutions, 
etc. 
7. Electrolysis of fused salts and aqueous and non- 
aqueous solutions of electrolytes. 
8. Electrical calorimetry. [J. CHEM. Epuc., 18, 510 
(1941).] 
9. Experimental study of Faraday’s laws: 
(a) Electroanalysis. [Chemist Analyst, 28, 65 
(Nov., 1939).] 


[J. Cuem. Epuc., 13, 


[Sct. Ob- 


(b) Calculation of Faraday’s equivalent. [J. 
Cuem. Epuc., 10, 689 (1933).] 
(c) Verification of Faraday’s laws. (Op. cit.) 


(d) Quantitative electrodeposition of copper. 
(Op. cit.) 
(e) Determination of atomic weights on a 
basis of Faraday’s laws. [Sci. Ob- 
server, 3, 13, 16 (June, 1941).] 
Household Chemistry. An experimental study centered 
around such activities as: 
1. Distinguishing pottery from porcelain. 
2. Etching and frosting glass. [Sch. Sci. Math., 
38, 679 (1938).] 
3. Laboratory study of the methods of preserving 
foods. [J. CHEM. Epuc., 19, 138 (1942).] 
4. Laboratory testing and preparation of: 
(a) Abrasives and adhesives. 
(b) Cleaning and polishing products. [Jdid., 
13, 249 (1936); Chem. Industries, 38, 
173 (Feb., 1936) (furniture polish).] 
(c) Chemical disinfectants, deodorants, fungi- 
cides, insecticides, and rodent poisons. 
(d) Fireproof and luminous paints. 
(e) Hectographs. 
(f) Whitewash and coldwater paints. 
5. Repairing broken metal objects, glassware, and 
stoneware. 
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6. Restoring faded paintings and painted surfaces. 
7. Silvering mirrors. [Sch. Sci. Math., 38, 795 
(1938).] 
8. Testing strength of bleaching solutions and hy- 
drogen peroxide. 
Thinning and adding driers to paints. 

Inks and Ink Removers. Laboratory testing and 
preparation of various types of inks and ink re- 
movers. 

Inspection Trips. Send or take pupils on inspection 
trips to the chemical plants or laboratories in the 
vicinity of the school for the purpose of interviewing 
scientists at work. Prepare them for such trips by 
the necessary classroom instruction. Also require 
them to fill out reports similar to the one given below 
in connection with each visit. Correspondence with 
some of the scientists in the various chemical labora- 
tories may be conveniently substituted for inspec- 
tion trips. [Sci. Observer, 3, 13, 18 (May, 1941).] 


REPORT OF INSPECTION TRIP No. __ 


Name of Plant or Laboratory Visited... ..6.5.00c5c se tees es 
PUM LONIN eS od. Sac NY gr RM nega y ia acy CR SOR A we Sheed as, SN ete 


QUESTIONNAIRE 


1. What is the nature of the scientific work being carried on in 
this laboratory? 

2. What did you learn from the scientists you met during your 
visit? 

3. What was their attitude toward your requests for informa- 
tion? 

4. Describe in detail any experiments you observed in progress. 

5. Can you duplicate any of these experiments in the laboratory? 

6. Did this trip suggest any investigations that you would like 
to carry out in‘the laboratory? If so, what apparatus and 
materials would you need? 


Laboratory County-Fair Examination. Prepare an ex- 
hibit consisting of three or four booths in which 
selected pupils perform experiments designed to 
illustrate the right and wrong way in laboratory 
procedure and, in so doing, use faulty techniques. 
Have the class pass by the various exhibits in small 
groups and spend a specified amount of time at each 
booth, noting the errors they observe. The in- 
structor then takes the groups past the exhibits and 
points out the errors which should have been ob- 
served. 

Liquefaction of Gases and Principles of Refrigeration. 
[J. Cuem. Epuc., 18, 79 (1941); 18, 394 (1941).] 

Metals and Alloys. 

1. Properties of metals and alloys. 
(a) Action of heat and air. 


(6) Corrosive action of acids, bases, salt 
solutions, and vapors. 

2. Analysis of alloys. 

3. Systematic qualitative analysis for cations. 

4. Cutting designs in metals with acid. [Sch. Sct. 
Math., 38, 450 (1938). 

5. Cleaning metals and alloys. 

6. Testing and prevention of corrosion. [J. CHEM. 


Epuc., 10, 297 (1933).] 
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Museum Display. An exhibit centered around indivi- 
dual showcards prepared by pupils who satisfactorily 
complete experimental projects. Such cards may 
contain samples of materials prepared by pupils, 
together with appropriate explanations and photo- 
graphs. ([Jbid., 6, 1525 (1929).] 

Patent Medicines. Analysis, evaluation, and duplication 
of a number of widely used proprietary medicines. 
Perfumes. Isolation of essential oils from plants and 
laboratory preparation of synthetic perfume mate- 
rials, floral perfumes, bouquets, and toilet waters. 

(Ind. Eng. Chem., 14, 359 (1922); Sci. and Invention, 

18, 130 (1930); Perfumery Essent. Oil Record, 34, 333 

(1943).] 

Photochemistry. Principles of blue printing and photog- 
raphy, coloring photographs, color photography, in- 
frared photography, experimenting with developers, 
recovering silver from hypo, printing on textiles, 
glass, etc. 

Plant Chemistry. Experimental study of such prob- 

lems as: 

1. Transpiration and osmosis in plants. 

2. Hydroponics. [Sci. Observer, 1, 7 (July—Aug., 
1939); 1, 3 (Dec., 1939); Chem. Leaflet, 16, 
168 (Oct., 1942).] 

3. Use of chemicals in promoting plant growth and 
hastening the rooting of cuttings. [U. S. Dept. 
of Agriculture Miscellaneous Publication No. 
495).] 

4. Effects of gases on seedlings. 
9, 1103 (1932).] 


[J. Cue. Epvc., 


5. Effect of light of various wave lengths on plants. 
6. Comparison of microbial fermentations. [Chem- 
ist Analyst, 32, 33 (May, 1943).] 
Plastics. [J. Cuem. Epuc., 15, 43 (1938); Sct. Obser- 


ver, 3,17 (June, 1941). 
Play-writing Contest. Stage a play-writing contest 
among the pupils and have the best plays produced 
and acted by the pupils. [Sci. Leaflet, 14, 26 (April, 
1942).] 
Soil Chemistry. 
1. Elementary soil analysis. 
2. Interpretation of soil tests. 
3. Determination of soil conditions necessary for 
good plant growth. 
4. Determination of lime needs of soil. 
5. Preparation and application of chemical fer- 
tilizers. 

Student Committee on Teaching Aids. Assign a group 
of pupils to assist the teacher with the preparation, 
collection, and use of teaching aids and devices 
related to the simplified and visual presentation 
of chemistry, such as: 

1. Flash cards, valence blocks, atomic and molecular 
models, and chemical games. [Sch. Sct. 
Math., 42, 853 (1942).] 

2. Lantern and color slides. [J. CHem. Epuc., 16, 
308 (1939); 17, 462 (1940); Educational Screen, 
16, 39, 53 (1937).] 

3. Motion pictures and film strips. 


[Sch. Sct. 
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Math., 36, 356 (1936); Educational Screen, 16, 
149 (1937).] 
4. Charts, graphs, drawings, scrap books and scrap 
files, and displays. 
5. Display cases. [J. CHEM. Epvc., 
(1938).] 
6. Projection apparatus. 
Supplementary Laboratory Practice. 
1. Care of water in small swimming pools. [J. 
Cuem. Epuc., 13, 576 (1936).] 
2. Fundamental glassworking operations. 
3. Principles of separation. 
(a) Crystallization. 
1453 (1932).] 
(6) Distillation. 
(c) Extraction. 
4. Purification of mercury. 
13, 502 (1942).] 
5. Repair and construction of apparatus. [J. 
CueEm. Epuc., 17, 341 (1940). ] 
}. Use of improvised apparatus and equipment. 
([Ibid., 13, 577 (1936); Sch. Sci. Math., 36, 39 
(1936).] 


15, 219 


[Ibid., 7, 2170 (1930); 9, 


[Rev. Sci. Instruments, 
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Surface Chemistry. Measurements of surface and inter- 


facial tension, preparation and properties of surface 
films, and wetting phenomena. [J. CHEM. Epuc., 
14, 591 (1937); 20, 38 (1943); Sch. Sci. Math., 38, 
645 (1938). | 


Textile Chemistry. 


1. Textile testing. 
(a) Microscopic. 
(b) Chemical. 
2. Chemical treatment of fabrics. 
(a) Application of metallic coatings. 
(6) Bleaching and staining. 
(c) Dyes and dyeing. [Scz. Observer, 3, 13 
(July, 1941); Sci. Leaflet, 10, 31 (Jan., 
1937); J. Cue. Epuc., 17, 330 (1940); 
Sci. and Invention, 18, 814 (Jan., 1931).| 
(d) Flameproofing fabrics. [Du Pont Maga- 
zine, 4-5 (March, 1942).] 
(e) Mothproofing. 
(f) Mildewproofing. 
(g) Shrinkproofing. 
(h) Waterproofing and stainproofing. 


The Teaching of Equations 


CHARLES H. STONE 


Brookline, Massachusetts 


T IS highly important for the student of chemistry to 

be able to write chemical equations readily and ac- 
curately. The process of learning to do this, however, 
is often regarded by the pupil as a dry and uninteresting 
task. Taught, as it too often is, from the textbook 
without demonstrations, there is good reason for the 
pupil’s lack of interest. But the process of learning to 
write equations may be made a pleasing and illuminat- 
ing experience. 

Every chemical equation is the story of some chemi- 
cal reaction. Why not, then, have the pupil perform 
the experiment before the class at the teacher’s desk, 
or in the laboratory, and then write the ‘‘story’’ of the 
observed reaction? It is assumed, of course, that al- 
ready he has acquaintance with valences of the common 
elements and the formulas of their compounds. Given 
these, the writing of equations becomes more than 
interesting. 

Simple reactions, such as that between hydrogen and 
chlorine or between sulfur and oxygen need hardly de- 
tain us. The interest begins with equations somewhat 
more involved. 

We may begin with solutions, taking pains to ar- 
range each pair so that a tangible product is formed 
and coefficients at first are not needed. For example, 
the student comes to the desk and observes the result 
of combining solution A and solution B as, for instance, 
solutions of silver nitrate and sodium chloride. It is 


easy to show that the sodium nitrate formed in the re- 





action is soluble in water. The white product, there- 
fore, cannot be sodium nitrate; it must be silver chlo- 
ride. The student is not to be told this but is required 
to find out for himself the truth of the above statement. 
The equation is written on the blackboard. The class 
observes the experiment and notes the equation. Some 
other pupil now comes to the desk and adds a solution 
of sodium carbonate to one of copper sulfate; the 
secondary product is sodium sulfate which the student 
may demonstrate is soluble in water. The green prod- 
uct, therefore, cannot be sodium sulfate; it must be 
copper carbonate. The written work on the board may 
take this form: 


Solution A Solution B Secondary Primary Color 
AgNO; + NaCl — NaNO; + AgCl | White 
Cu 304 + Na2CO; —> Na2SO, + CuCoO; | Green 


Certain possibilities should be noted. If we are deal- 
ing with saturated or very strong solutions, the solu- 
bility of the secondary product may be less than that 
of one of the original substances, so that we may have 
some precipitation of the secondary product in addi- 
tion to the insoluble primary. This will not happen if 
the solutions used are dilute. The teacher will, of 
course, avoid such combinations as solutions of silver 
sulfate and barium chloride, from which both primary 
and secondary products are insoluble. 

It may add to the interest for the pupil to be giver 
two solids that he is required to note in some detail 
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before dissolving in water. Thus, mercurous nitrate 
and potassium chloride are both white and soluble, but 
the primary product is white and insoluble. So also, 
mercurous nitrate and potassium iodide are white and 
soluble, but the primary product is green and insoluble. 

After sufficient practice with equations of the type 
set forth above, we may introduce reactions in which it is 
necessary to provide a coefficient for one of the reacting 
substances. Silver nitrate and sodium chromate, for 
example, react to form silver chromate. It is apparent 
that two formula weights of the silver salt are required 
for one of the chromate. So also with lead nitrate and 
potassium iodide, two formula weights of the latter be- 
ing required to one of the former. 


Red 
Yellow 


2AgNO; Na»CrO, — 2NaNO; + AgeCrO, | 


Again the pupil may be required to explain how he 
knows which of the two products is the visible one. 

It adds much to the interest if the different products 
are of varying colors. Since the student has no way of 
knowing what color he is going to get in each succeeding 
experiment, the process of learning becomes a sort of 
game which arouses the expectant attention of the class. 

Following sufficient practice on the above types of 
equations, we may turn to those in which coefficients 
must be supplied to both of the reacting substances. 
Cobalt chloride and sodium phosphate may be cited as 
an example. ‘ 


3CoCl, + 2Na;PO;— 6NaCl + Co3(PO,)2 | Purple 


The preparation of the various phosphates may be 
followed by experiments involving the ferro- and ferri- 
cyanides. 

It has been no unusual thing for students in the 
writer’s laboratory to remark, ‘‘This is the most inter- 
esting experiment we have had yet!’’ 

Reactions in the dry way may be introduced as oc- 
casion arises. The carbonates of the metals midway in 
the displacement series are decomposed into the oxide, 
with carbon dioxide escaping. The carbonates of copper, 
lead, and cadmium give, respectively, black, tan, and 
brown oxides. The nitrates of metals with valence two 
yield the oxide, with evolution of nitrogen oxides. 
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Oxalates and tartrates yield the pyrophoric iron and 
lead. 

Crystallized salts carrying water of crystallization 
yield the anhydrous compound if not heated too 
strongly. At very moderate temperatures green crystal- 
lized copper chloride forms the light-colored anhydrous 
product. Rose-colored cobalt chloride yields the blue 
anhydrous salt, and so on with other similar substances. 
An equation should be written, of course, in every case. 

Heated strongly, these same salts yield the oxide. 
Some explanation may be needed to show how water of 
hydration reacts with the salt at the higher tempera- 
ture. 


CoCl:-6H,0 — CoO + 2HCI + 5H:0 


The student may discover that certain compounds 
react with water. Unexpected results are observed. 
Bismuth trichloride and antimony trichloride produce 
the oxychlorides. 

BiCl; + H.O — 2HC! + BiOCI | 

Certain decomposition reactions come as a surprise 

to the student. To see a crucible of powdered ammon- 


ium dichromate suddenly blossom into a miniature 
volcano can hardly be without interest. 


Valence gain (and electron loss) = 2 X 3 





| ag l 
(N~3H,)2Cre* QO; => N.? + 4H.O + Cr2* 30; Green 





Valence loss (and electron gain) = 2 X 3 


The introduction of a little manganese dioxide pow- 
der into melted potassium chlorate which has ceased to 
give off oxygen results in a spectacular evolution of oxy- 
gen, and the splint blazes up with a fierce intensity. 











Valence gain (and electron loss) = 6 X 2 
i TES 
2KCI*5O3~? 2KCI-' + 30,° 
Valence loss (and electron gain) = 2 X 6 


Any teacher may devise many cases similar to those 
above. There seems to be no limit to the various ways 
in which the writing of equations with the accompany- 
ing process of learning may be made both pleasant and 
instructive. 


DIVISION OF CHEMICAL EDUCATION OF THE AMERICAN CHEMICAL SOCIETY 
(Continued from page 543) 


man of the Division for the year 1943-44 and just reélected for 
the year 1944-45. 

N. W. Rakestraw then brought up the desirability of making 
some study of economic status of teachers of chemistry in both 
high schools and colleges. Such a study had been made of 
chemists in industry, with definite recommendation concerning 
minimum salaries to be paid, and there seemed to be need of a 
similar study in behalf of teachers. It was suggested that this 
study be made by existing committees, e. g., the Committee 
on High-School Chemistry and the committee to study problems 
of teachers of chemistry in colleges and universities. 


L. L. Quill, Chairman of the Division, stated that it had been 
suggested that some kind of an award should be worked out 
and given annually or once every two years for outstanding 
teaching or some outstanding contribution to the teaching of 
chemistry. There was some discussion of this but no action was 
taken. Dr. Quill explained to the Division the function of the 
National Science Teachers Association and also the work of the 
Cooperative Committee on Science Teachers. 


The meeting adjourned at 12:00 noon. 


Pau H. Fatt, Secretary 





Methods for Laboratory Adantuianenien 


SHIRLEY GADDIS 
Cranbrook School, Bloomfield Hills, Michigan 


HE following ideas about the administration of 

student laboratories are collected here in the hope 
that they may be of help to those teachers who are 
just beginning to administer laboratories: 

1. The best system of accounting laboratory equip- 
ment which I have used is the “trade-chip”’ method. 
Each student purchases a $5.00 punch card. As extra 
equipment is checked out from the storeroom the value 
of the equipmeut is punched from the card. Upon 
returning the equipment the student is given his credit 
in the form of plastic trade-chips embossed with the 
name of the laboratory and the value of the chip in 
trade. The student uses these chips to check other 
items as the need arises. All bookkeeping is obviated 
by the use of this method. I have been told that this 
system originated at the University of Pittsburgh. 

2. For very small schools in which the student- 
teacher relationship can be on a friendly basis it is 
often best not to use any system of student accounts in 
the stockroom. The student is given a punch card and 
free access to any equipment he needs. Whenever he 
breaks any equipment he is to punch out the value of 
the piece on the card. At the end of the year he pays 
what he has punched out. 

To study student honesty the author carried out the 
above plan for three years in a small college. A careful 
inventory was made of all the equipment at the begin- 
ning and at the end of the year to ascertain the loss by 
breakage. 

At the beginning of the year the system was ex- 
plained to each section with the remark that each stu- 
dent would be on his own honor. Even if dishonesty 
were suspected nothing would be said. Many people 
think they are honest when actually they fear the con- 
sequences of being caught. This was to be an excellent 
opportunity for each student to find out for himself 
whether or not he would be dishonest if a chance were 
afforded. It was felt that this opportunity for self- 
appraisal was a valuable part of this system. 

The results of the three-year study were that on the 
average $35 worth of equipment could not be accounted 
for at the inventory. This was for an average of 68 
students each year. Since by using this system no 
stockroom help had to be hired, money was saved. 

3. Liquid reagents should be purchased for the 
laboratory in the five-pint screw-cap bottles and not 
in carboy lots. The economy of the carboy lot is il- 
lusory. In transferring the liquid from carboy to re- 
agent bottles the labor involved, the liquid lost, and 
the possibility of contamination more than offset the 
money saved on the carboy lot. 

C.P. chemicals should be purchased in small bottles 
only, never in the five-pound bottles. The large bottle 


is too frequently contaminated. Organic liquids which 
are sold in sealed ampoules should be purchased in the 
smaller sizes. It is usually better economy to order 
eight 25-gram ampoules than to get one 200-gram size. 
The extra cost is less than the evaporation waste from 
the large sizes, which may have to stand for months 
partially sealed. 

4. Piped H2S is a never-ending worry to a teacher 
of a qualitative laboratory. The need for frequently 
checking the supply of gas in the tanks, leaky fittings 
with the attendant waste and health hazard, and the 
amount wasted by the students are all exasperating. 
These difficulties can be overcome by giving to each 
student a semimicro generator for his personal use. 

5. Trap trouble in laboratories can be most satis- 
factorily solved by not having any traps on the desks. 
Instead there should be a single master trap to take 
care of an entire laboratory. 

6. A properly waxed linoleum makes an excellent 
desk top for laboratories. The color of this desk 
covering serves to enliven the appearance of the 
laboratory. 

7. Shelves on chemistry benches are of debatable 
value. Sometimes their chief function seems to be as a 
resting place for odds-and-ends of bottles, apparatus, 
books, etc. A tray 2 X 10 inches filled with two-ounce 
Barnes-bottles is a neater solution. 

8. The chemicals to be used in the day’s experiment 
should be assembled in one place. The bottles should 
be without their caps. The bottles of liquids should 
have a length of glass tubing in them to serve as a pipet 
to expedite the transfer of the liquid to the student’s 
test tube. 

9. Cheap, satisfactory labels can be made by using 
the gummed kraft stock that is sold in rolls. Formulas 
should be printed on this paper in large green or red 
letters using a broad-tip pen. A good label varnish is 
made by adding toluene to Vinylite. 

10. Squares of wax paper are a good substitute for 
the procelain spot plates. 

11. There should be one-half-gallon crocks for 
solid wastes on each desk within reaching distance of 
each student. This will help to keep the troughs free 
from solids. 

12.. Gummed paper labels 2 X 3 inches printed 
with the name of the department, and spaces for the 
name of the pupil, the date, the preparation with 
yield, or the report of an unknown, and the initials 
of the instructor are useful in keeping books on the 
student’s work. After the label has been completed 
for some preparation or unknown and it has been 
initialed by the instructor or stockroom clerk, then 
it is to be pasted in the report of the experiment. 
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An Electronic 1000-Cycle Sine Wave Oscillator 


MORRIS J. HELDMAN 


University of Southern California, Los Angeles, California 


HIS paper describes a source of alternating cur- 

rent convenient for measuring the electrical con- 
ductivity of electrolytes. Microphone hummers and 
ordinary inexpensive electronic oscillators often have 
poor wave forms, especially when they are fed into 
low-resistance circuits, 7. e., those which consume any 
appreciable amount of power. The instrument to be 
described produces a pure sine wave in any load from 
a few ohms up, without the use of bridging trans- 
formers. It can be constructed from ordinary and 
currently available radio parts at a cost of materials 
not exceeding $10; an ordinary midget radio can be 
converted into such an oscillator for a few dollars at 
most. It is completely free of mechanical noise and 
operates directly from 110 volts a. c. or d. ¢c., in con- 
trast to a microphone hummer. No adjustments are 
necessary once the instrument is finished; the fre- 
quency and amplitude of the pure sine wave form are 
stable indefinitely. Finally, repairs are simple and 
infrequent. For the reasons above, it can be seen that 
the oscillator is adaptable to student and routine work, 
as well as many research applications. 

In measuring the conductivity of electrolytes it is 
essential that the source of alternating current fulfill at 
least two minimum requirements. (1) The frequency 
should be rapid enough to avoid polarization. One 
thousand cycles has generally been found satisfactory. 
(2) The wave form should be such that the current 
passing in one direction is equal to that in the opposite 
direction. Otherwise the residual current acts ef- 
fectively as a direct one. One microphone hummer in 
use in the University’s laboratory showed such a 
d.-c. residual. 

It has been shown that the conductivity of electro- 
lytes between platinized electrodes depends slightly 
but appreciably upon frequency.! Thus a wave form 
meeting the criteria above but containing harmonics 
of the fundamental would tend to diffuse the minimum 
in the phones or other detecting devices. Even for 
student work, then, a sine wave is highly desirable. 

The device to be described meets the specifications 
above. It produces a sine wave of approximately 1000 
cycles, with no noticeable distortion in the wave form 
when viewed on a 5-inch cathode ray oscilloscope. The 
wave form remains unchanged at any external load 
from a few ohms up, with an output of about 0.5 volt 
at a load of 10 ohms, rising to about 3- volts when 
loaded with 100 ohms or more. 


CONSTRUCTION 


Most audio oscillators of the past have been of either 
the Hartley or beat-frequency type. These have 


1 TAYLOR AND ACREE, J. Am. Chem. Soc., 38, 2415 (1916), 
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FIGURE 1.—ScHEMATIC DIAGRAM 
C, —20 mfd.—200-volt electrolytic condenser 
C, —20 mfd.—200-volt electrolytic condenser 
C; —20 mfd. —200- volt electrolytic condenser 
C; —40 mfd.—25-volt electrolytic condenser 
C; —0.05 mfd.—200-volt tubular paper condenser 
Cs —0.05 mfd.—200-volt tubular paper condenser 
C; —0.05 mfd.—200-volt tubular paper condenser 
Cs —50 mmfd.—mica condenser 
Cy —50 mmfd.—mica condenser 
*Cip —3-30 mmfd.—trimmer condenser 
R, —170 ohms; line cord, ballast tube, or 25-watt wire-wound 
resistor 
R, —30 ohms—0.5-watt carbon resistor 
R; —200 ohms—1-watt carbon resistor 
R, —0.1 megohm—0.5-watt carbon resistor 
R; —800 ohms—1l-watt carbon resistor 
Rs —0.1 megohm—0.5-watt carbon resistor 
R; —0.1 megohm—0.5-watt carbon resistor 
3 —0.5 megohm—0.5-watt carbon resistor 
—2500 ohms—0.5-watt carbon resistor 
*Rip—3 megohms—0.5-watt carbon resistor 
"Rn —3 megohms—0.5-watt carbon resistor 
7, —midget output transformer, pentode tube to voice coil 
Ch,—midget filter choke, 10 henries, 50 ma. 
*RL,, RL,-—6-watt, 120-volt tungsten mazda lamps, candelabra 
base 
Sw,—single-pole, single-throw switch 


Vi; —12SJ7GT/G. V.—12SK7GT/G. V3;—35L6GT/G. Vi— 
85Z5GT/G. 
*See text. 


various disadvantages, among which are frequency 
drift, harmonic distortion, etc. The oscillator herein 
described operates on a somewhat different principle, 
namely, that of a resistance-capacitance Wien bridge. 
In recent years such bridge circuits have been used 
widely in commercial wide-frequency-range oscillators.” 
These instruments are unnecessarily large, complex, 
and expensive for most routine conductivity work. 
For the present purpose neither a range of frequencies 
nor critical load-matching is necessary, as has been 
shown. Operation at 1000 cycles makes it possible to 
simplify the power supply, omit frequency tuning, 
decrease the size of certain components, and omit 





2 Several models are manufactured by Hewlett Packard Com- 
pany, Palo Alto, California. 
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shielding to such an extent that the entire oscillator is 
easily built on a 5 X 8-inch chassis. No shield box is 
necessary. 


enema 





FiGuRE 2.—ABOVvE—CHASSIS VIEW 


In the schematic diagram, Figure 1, only the parts 
marked with an asterisk are critical as to value or ad- 
justment. The other resistors, capacitors, etc., can 
be of any standard make and tolerance; higher voltage- 
rating capacitors, larger wattage resistors, or a larger 
transformer or choke can be substituted if physical 
limitations permit. The lamps RZ; and RL» should 
be of the type specified. For most efficient operation 
the values of Rj and Ry, should be matched as closely 
as possible. Sufficient matching is assured by pur- 
chasing nominally priced resistors of 5 per cent toler- 
ance. Because stray capacitances are unavoidable, 
Ci) is used to balance the two arms of the Wien bridge 


DISCOVERY OF RED PHOSPHORUS (1847) BY ANTON VON SCHROTTER (1802-1875 


(Continued from page 522) 


Ill health forced Schrétter to retire in 1874. In 
1875 A. W. Hofmann compiled a comprehensive report 
on the development of the chemical industries.* He 
enlisted the aid of friends and colleagues, each an expert 
in his particular field. Schrétter contributed the chap- 
ter on “Phosphorus and Matches.’’ This was his last 
effort; he died on April 15, 1875. 

Deserved honors came to Schrétter both from his 
native country and from abroad. On May 14, 1847, 
he and 32 other prominent Austrian scientists were 


é § Bericht iiber die Entwickelung der chemischen Industrie 
wahrend des letzten Jahrzehnts im Verein mit Freunden und 
Fachgenossen, erstattet von Dr. A. W. Hofmann. Brunswick, 
1875-77. 
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circuit. Since the resonant frequency is '/2 * RC, the 
oscillator can be constructed to produce other fre- 
quencies by using resistors and/or capacitors of dif- 
ferent values. However, other aspects of the design 
limit the usefulness of the circuit to the middle audio 
range, 400 to 5000 cycles. 

Figure 2 is a photograph of one of these instruments 
in use in the University’s physical chemistry laboratory. 
Although the placement of parts is not critical the one 
shown is satisfactory. Plate and grid leads should be 
kept as direct and short as possible, but no other 
special precautions are necessary in the wiring. It is 
convenient to mount all tube sockets, the transformer, 
choke, resistance lamp sockets, switch, etc., before 
wiring is begun. Thereafter a convenient order is 
power supply, filaments, grid and plate circuits, and 
finally, cathode circuits. A bottom cover is desirable, 
but not essential. Any type of mounting or cabinet is 
satisfactory. 

After the instrument is assembled, the wave form 
can be checked and final adjustments made. A 
cathode ray oscilloscope is employed, and the output of 
the oscillator is fed directly into the vertical amplifier 
of the oscilloscope, in parallel with various resistive 
loads. Cy should be adjusted for maximum output. 
Although the value of 2500 ohms for Ry worked well 
in the instrument described, it is advisable to try dif- 
ferent values, finally using the largest resistance which 
still gives a pure sine wave with the lowest load that 
will be encountered in the oscillator’s use. No further 
adjustments should be necessary. 

The instrument shown in the photograph has been 
in use by the writer and students for over six months 
without adjustment or repair. Another such oscillator 
has been built from an old a.-c., d.-c. midget radio by 
removing all coils and rewiring as shown in Figure 1. 
The additional cost was negligible, and the machine is 
operating satisfactorily. 


elected to the newly created Academy of Sciences. 
From 1850 he was the General Secretary of this body, 
the most eminent Austrian scientific corporation. 
Honorary doctorates were conferred on him by various 
universities; learned societies were proud to elect 
him to membership. In 1873, the German Chemical 
Society conferred honorary membership on him, to- 
gether with such notables as E. Frankland (London); 
R. Fresenius (Wiesbaden); J. S. Stas (Brussels); 
A. Williamson (London); A. Wurtz (Paris); N. Zinin 
(St. Petersburg). Emperor Franz Joseph raised him 
to the nobility in 1857, with the formal title: Schrdétter, 
Ritter von Kristelli. 
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Elementary Chemistry for Liberal Arts Students 
at St. John’s College 


ANTHONY STANDEN 
St. John’s College, Annapolis, Maryland 


T WOULD probably be agreed upon as an axiom 
[nat in elementary science courses the students 
should themselves carry out at least ‘‘token’’ experi- 
ments demonstrating the fundamental laws of the 
science concerned. However, for various reasons, in 
all usual chemistry courses this is very far from being 
the case. 

The fundamental laws of chemistry may be con- 
sidered to be: 

1. Law of conservation of mass. 

2. Law of constant proportions. 

3. Law of reciprocal proportions. (Many modern 

textbooks do not mention this as a separate 
“law’’; nevertheless it is a most important 
generalization from chemical experiments. It 
is not deducible from the law of constant 
proportions, and it would, alone, be sufficient 
to lead to the atomic theory.) 

4. Law of multiple proportions. 


These laws are sufficient to support the atomic theory, 
and to lead to the concept of equivalent weight. But in 
order to determine atomic weights and valences there is 
also necessary : 

5. Gay-Lussac’s law of combining volumes of gases. 

Of these five fuhdamental experiments surprisingly 
few are ever carried out by students in any common 
course in elementary chemistry. Numbers 1 and 2 
are carried out in, token form, but numbers 3 and 4 are 
never verified by students, as far as I am aware. And 
as for number 5, it is illustrated by one demonstration 
—not a class experiment—in which the instructor 
electrolyzes dilute sulfuric acid and says: “I have now 
decomposed water into oxygen and hydrogen; you can 
see that there is just twice as much hydrogen as oxygen. 
I can assure you that if the whole apparatus had been 
jacketed and kept at a temperature above 100°C. 
the hydrogeti and oxygen, on recombining, would give 
steam equal in volume to the hydrogen.’ If he does 
not tell the class that the liquid used was dilute sulfuric 
acid, he is cheating; if he does tell them, they may well 
ask how he knows that it is not the sulfuric acid that is 
decomposed. Any student who is absent on that par- 
ticular day never sees even a demonstration of Gay 
Lussac’s law, and it is the fundamental law upon which 
depends the whole mass of atomic weights and valences 
which the student is required to memorize. 

The reason for this extraordinary lack is that it is 
very difficult to devise experiments, suitable for class use 
with beginning students, which will illustrate the laws 
of reciprocal and multiple proportions. The law of 
multiple proportions is usually illustrated by quoting 


the analyses of carbon monoxide and carbon dioxide, 
the oxides of nitrogen, water and hydrogen peroxide, 
etc. But actually to analyze these substances would 
require troublesome methods which, even if done, would 
not give the students practice in any standard, generally 
applicable methods of analysis. 

All chemical educators must have felt this difficulty. 
In our laboratory work at St. John’s College we have 
attempted to solve the problem by two radical de- 
partures from conventional practice: 

1. The students do volumetric analysis before being 
introduced to the atomic theory, and consequently 
without the help of formulas and equivalent weights. 
The students thus forgo the simplification of calcula- 
tions which results from the system of normal and 
decinormal solutions based on equivalent weights, but 
the computations are by no means too tedious, and the 
method forces the student to become quite clear about 
what happens in volumetric analysis. 

2. The laws of reciprocal and multiple proportions 
are illustrated as referring to groups of atoms rather 
than to atoms. As an example, potash combines with 
oxalic acid to form four salts, in which the amounts of 
oxalic acid in combination with the same amount of 
potassium (or of potash) are in the ratio 1:2:4. This 
is just as valid an example of multiple proportions as 
the analyses of binary compounds such as the oxides 
of nitrogen. It was brought forward by Wollaston, 
in 1808, in support of Dalton’s theory.! 

As soon as the student has completed preliminary 
exercises, not differing much from the conventional 


‘pattern, on combustion, composition of air, hydrogen, 


acids, bases, and salts, etc., he starts volumetric anal- 
ysis. He makes solutions of sodium and potassium 
carbonates by weighing out the pure, dried substances. 
He makes a sulfuric acid solution by weighing out a sub- 
stance which he is told is not pure, but contains per- 
haps 5 per cent of water. And he makes a hydro- 
chloric acid solution simply by diluting, to convenient 
strength, an acid which he knows is nowhere near pure. 
He then titrates each acid against each alkali, making 
four titrations. Suppose he finds that 25 ml. of his 
sodium carbonate solution neutralize 22.4 ml. of sul- 
furic acid, and 22.4 ml. of sulfuric acid neutralize 27 
ml. of potassium carbonate, and 27 ml. of potassium 
carbonate neutralize 26.5 ml. of his hydrochloric acid. 
The student then finds by experiment that 25 ml. of 
his sodium carbonate solution neutralize no more and 





1 “Foundations of the Atomic Theory, Papers, etc., by John 
Dalton, William Hyde Wollaston, M.D., Thomas Thomson, 
M.D.,”’ Alembic Club Reprints, No. 2, Gurney and Jackson, 
London, 1923. 
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no less than 26.5 ml. of his hydrochloric acid. This 
example of the law of reciprocal proportions is of great 
intellectual interest to him, and he is, by this time, a 
fair manipulator in volumetric analysis. 

The law of multiple proportions is represented by 
experiments on the carbonates of sodium. On passing 
carbon dioxide for a considerable time into a saturated 
solution of sodium carbonate a precipitate forms. This 
substance, formed by the action of excess carbon di- 
oxide on sodium carbonate, is called, provisionally, 
“sodium extracarbonate.’”’ The student then jinds 
for himself that sodium ‘extracarbonate” contains 
twice as much carbon dioxide, per unit of sodium, as 
sodium carbonate does, and he is then entitled to call it 
“sodium bicarbonate.” This important analysis is 
carried out in two quite independent ways, described 
below. 

1. A tenth of a gram of sodium carbonate is in- 
troduced into a mercury-filled eudiometer tube, a small 
amount of acid is introduced, and the volume of gas 
produced is measured, and corrected for temperature, 
pressure, and water vapor. The same experiment is 
then carried out with sodium ‘‘extracarbonate.” The 
amount of carbon dioxide produced is greater, but not 
twice as great, because equal weights of the carbonate 
and the “extracarbonate’’ contain unequal amounts 
of sodium. But then the ratio of the amount of sodium 
in one gram of carbonate to the amount of sodium in one 
gram of ‘“‘extracarbonate’”’ is easily obtained by weighing 
out volumetric solutions of the two solids and titrating 
them against the same acid solution. 

This method is fairly clear, because the carbon dioxide 
obtained from each solid is actually seen, as a gas, and 
its volume is measured. Unfortunately it is not a very 
accurate method, and it is therefore supplemented by 
the next method described. 

2. Titrations have hitherto been made with methyl 
orange as indicator; phenolphthalein is now produced 
and the student can find by experiment that sodium 
“extracarbonate” is a neutral substance, according 
to phenolphthalein, although it is alkaline according 
to methyl orange. He can then understand the double 
titration of sodium carbonate with the two indicators, 
and when the result gives him exactly twice as much 
acid required when methyl orange is used as when 
phenolphthalein is used, the student has again demon- 
strated the law of multiple proportions. 

The student then proceeds to the determination of 
the equivalent weights of silver, potassium, and chlorine, 


It is said that over a period of years most of the candidates for the Doctor’s degree 
at one of our large institutions were asked the question: What pure organic compound 
is prepared in largest quantity in the United States? Seldom did they know the answer. 
Do you? (Look on page 572.) 
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principally by volumetric analysis, in which by this 
time he is proficient. The steps are as follows: 

A weighed amount of pure silver is dissolved in 
nitric acid, boiled and carefully neutralized, and made 
up to a volumetric solution. This is titrated against a 
volumetric solution of potassium chloride, giving the 
ratio Ag : KCl. An interesting sideline here is a few 
test-tube experiments on silver chloride and _ silver 
chromate, from which it can be deduced that potassium 
chromate will be an indicator for the reaction, and 
from which the action of this indicator can be under- 
stood. Most indicators are ‘‘black magic’ to the stu- 
dent who is not yet deep in organic chemistry. 

Silver oxide is then weighed out, dissolved in nitric 
acid, neutralized, and titrated with the same potassium 
chloride solution. This titration, together with the 
first, gives Ag : AgoO, and thus the equivalent weight of 
silver. 

The student then carries out a gravimetric deter- 
mination of silver as silver chloride, giving Ag : AgCl, 
and from this and the previous results the equivalent 
weights of potassium and chlorine can be obtained. 

Having seen how equivalent weights can be deter- 
mined, the student can then be introduced to the 
complicated chain of reasoning by which the system 
of atomic weights and valences is set up. The starting 
point in this is the law of Gay-Lussac and the hypo- 
thesis of Avogadro. In order to verify Gay-Lussac’s law, 
the students carry out gas analysis, with an Orsat appa- 
ratus. Hydrogen and oxygen are measured, and their 
combining volumes determined, and by exploding carbon 
monoxide with oxygen and absorbing the carbon dioxide 
formed it can be shown that the volumes of the re- 
actants and of the product are in a ratio of small whole 
numbers. 

In this system the student himself carries out token 
experiments in all the fundamentals of the atomic 
theory. The method is unusual, and admittedly not 
suitable if the object of the course is the rapid acquisi- 
tion of information. But, surely, this is not the ob- 
ject of liberal education. What liberal education 
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should be, it is not the place to discuss here, but it 
certainly must include training in the scientific method, 








learning scientific truth from experiments and_ not] 


from books. These notes are submitted as suggestions}: 
for teachers who may be looking for ways in which the 

fundamentals of chemistry may be deduced from ex- 
periment, rather than accepted on authority. 
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Insulin Preparation. No. 2,354,211. Everett H. 
Lang, et al., assignors to Burroughs Wellcome and 
Company, New York City. 

This patent proposes a method of prolonging the ef- 
fect, peculiar to insulin, of reducing the blood sugar 
level and should make that preparation of even greater 
value to diabetics. 

One of the alkoxyphenethylamines is reacted with 
formaldehyde in the presence of hydrochloric acid. 
The reaction mixture after being heated for several 
hours is evaporated to dryness and the residue dissolved 
in absolute alcohol. The useful condensation product 
is then reprecipitated, filtered, washed, and dried. 

To any type of insulin is then added a small amount 
of the above-described reaction product, some metal 
salt such as zine chloride, and a suitable buffer. The 
object is to get the insulin to precipitate at a pH of 
from 6.0 to 8.0. 


Process for Producing Alumina from. Clay. No. 
2,354,133. Sanford C. Lyons, assignor to the 
Georgia Kaolin Company, Elizabeth, New Jersey. 


If Charles Martin Hall’s old chemistry teacher were 
still alive his prediction that a fortune awaits the man 
who invents a good process for the production of 
aluminum would still be true. Up to the present it is 
still not commercially feasible to extract aluminum 
from its most plentiful source—the kaolins. Mean- 
while our supply of high-grade bauxite is definitely 
limited. Perhaps the process described in the present 
patent is the one for which the world has been waiting. 

The raw material used is crude kaolin. The inventor 
prefers to use kaolin from the Dry Branch or the 
Andersonville district of central Georgia. This clay 





contains less than one per cent each of iron oxide, potas- 
sum oxide, calcium oxide, and magnesium oxide. 
To the kaolin, which may first be calcined at 800°C., 
is added sulfuric acid of 40°Be. specific gravity. The 
clay is digested with the acid at 200°C. and elevated . 
pressure. The product is a solution consisting mainly 

f aluminum sulfate and the sulfuric acid salts of im- 
urities, mixed with insoluble silicious residue. 

The solution is separated from the insoluble portion. 
\n ammonium alum is next formed by adding a hot 
oncentrated solution of ammonium sulfate to the 
luminum sulfate. Most of the iron salts are then 
eparated by fractional crystallization, since the alum 
s much less soluble at 20°C. than are the unwanted 
alts. The remainder of the iron is removed by adding 
odium hyposulfite and filtering. The alum solution 
8 then cooled and the aluminum compound allowed to 





WILLIAM S. HILL 
Member, Examining Corps, United States Patent Office 


crystallize. The alum crystals may be separated from 
the mother liquor by centrifuging. : 

The final step is the destructive distillation of the 
alum to recover the alumina. As the salt is strongly 
heated, ammonia and sulfur trioxide are driven off 
and recovered to be used over again. 

The inventor states that alumina is produced of suf- 
ficient purity to be used for the electrolytic production 
of aluminum and that the process is economical. 


Cotton Yarn for Water-Pressure Hose. No. 2,352,- 
707. Charles F. Goldthwait, New Orleans, Louisi- 
ana, assignor to the Secretary of Agriculture. 


When rubber-covered garden hose became an early 
war casualty a substitute appeared in the form of 
hose made of woven cotton. Unlined hose was not 
practicable until some means was found to make the 
cotton fibers swell when wet. The present patent de- 
scribes just such a method of treating cotton fibers to 
make them swell in water. 

Plied cotton yarn otherwise ready for weaving is 
passed through a 6 per cent solution of hydroxy ethyl 
cellulose in caustic soda and through a pair of squeeze 
rolls. This treatment is repeated until the yarn takes 
up approximately its own weight of solution. The im- 
pregnated yarn is then dipped in dilute acid to neu- 
tralize the alkalinity and precipitate the cellulose 
ether upon and withinit. Other swelling materials such 
as viscose may be substituted for the ethyl] cellulose. 

The treatment is completed by stretching and drying 
the yarn under tension. 


Method and Composition of Growing Plants with 
Solutions. No. 2,350,982. Theodore E. Borst, 
Clinton, New York. 


This patent offers a new technique of soilless plant 
culture. Instead of making up nutrient solutions con- 
taining soluble salts of the elements which it is desired 
to feed to the plants, various compounds that are rela- 
tively insoluble in water are employed. The silicates: 
of magnesium, aluminum, iron, manganese, copper,, 
potassium, boron, molybdenum, zinc, titanium, nickel, 
cobalt, the alkaline earth metals, and others are used. 
Excess amounts of these are placed in water so that 
there is a considerable quantity of the dissolved salt in 
contact with the solution. Calcium, barium, and 
strontium can be used as sulfates, phosphates, or car- 
bonates. 

Various types of buffering agents are described. 
For example, a mixture of monocalcium phosphate and 
slaked lime in proper proportions can be used to obtain 
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almost any desired pH. The-use of calcium carbonate 
and the bubbling of carbon dioxide gas through the 
liquid is another. 

The recommended way of supplying the solution 
to the plant roots is to bathe the roots in the solution 
for a half hour at a time several times a day rather than 
continuously. In this way plenty of air is given to the 
root system. 


Method of Manufacturing Magnesium. No. 2,349,- 
927. Tsuyoshi Arimori, ef al., vested in the Alien 
Property Custodian. 

Although limitless amounts of magnesium may be 
obtained from salt brines or even sea water, this patent 
describes a process which evidently interests the Japa- 
nese in their exploitation of conquered China. 

Magnesia-containing ores such as magnesite and 
dolomite are roasted to obtain MgO. A solution of 
magnesium and calcium chlorides is prepared and 
added to the magnesia. Carbon dioxide gas obtained 
from the roasting step is bubbled through the solution. 
There is thus produced a residue of calcium carbonate 
and magnesium in the form of the chloride. 

The following equation represents this part of the 
process. 


MgO + CaCl, + MgClh. + CO: — CaCO; + 2MgCle 


In the second step of the process a mixture of calcium 
carbide and magnesium fluoride is heated under reduced 
pressure. This produces pure magnesium vapor which 
must be condensed. 


MgF, + CaC, — Mg + CaF: + 2C 


The third step consists in adding an excess of the 
previously prepared magnesium chloride solution to 
the above reduction residue which is mostly calcium 
fluoride. The mixture is heated and the following reac- 
tion occurs: 


CaF, + 2MgCl: ~ MgF2 + CaCl, + MgCl: 


The magnesium fluoride is, of course, used in the 
reduction reaction. The intermediate products afte 
having been made once can be recovered and used many 
times over. 


Extinguishing Light Metal Fires. No. 2,346,627. 
Richard I. Thrune, assignor to the Dow Chemical 
Company, Midland, Michigan. 

It is only fair that after having taught a new way of 
making magnesium which could be used in fearsome in- 
cendiary bombs, we also teach a way to put out a mag- 
nesium fire. 

When magnesium, aluminum, or their alloys are ig- 
nited they cannot be extinguished by most of the ordi- 
nary methods of fighting fires. Water and carbon di- 
oxide just make them burn all the faster. But, like 
any other substance which depends on atmospheric 
oxygen when burning, magnesium will not burn if that 
supply is cut off. The patent proposes using a mix- 
ture of carbon (e. g., coke breeze, charcoal, or amor- 
phous carbon powder) and a heavy hydrocarbon or 
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mineral oil. It is not particularly important which oil , 
is used. It is only necessary that the liquid be stableg ¢@ 
and have a high flash point. col 

In fighting a light metal fire the mixture is spread§ PU 


















over the burning area with a shovel. The graphite orf 
other carbon particles cover the fire and exclude air ™4 
They also conduct heat away rapidly. Only a smallf 
proportion of oil is used. pre 

cor 
Art of Regenerating Zeolites. No. 2,351,160. Nor tab 

man G. Stone, e¢ al., assignors to The Dacar Chemif 1,0 

cal Products Company, Pittsburgh, Pennsylvania§ seq 

One of the best-known methods of removing thq 1 
hardness from water containing calcium and magnesiung pre 
ions is to run the water through beds of a softeneg toa 
known as a zeolite. The zeolites are silicates whiclg acc 
exchange sodium ions for the calcium and magnesiur 
ions in the water. After the water has been run throug 
a zeolite bed for a time the power of the mineral t 
remove the objectionable ions becomes less and les 
until finally it becomes useless. 

The spent zeolite is then regenerated by washing sal 
brine back through the bed until sufficient sodiun§ Def 
ions are again put back into the chemical. Especiallyif B 
the water contains iron and sulfur, the efficiency of thf p. 
zeolite decreases until it is finally impossible to regener T 
ate. 

The present patent apparently not only offers 
simple method of using less salt in the regenerative proc 
ess but greatly increases the efficiency of the zeolite. 

The preferred method is to dissolve the followin 
mixture in water at 210-212°F. 

SOC CR EMOMELE ia. 5.65.5 65eaig's Si wile Sco mae bis 1 oz. 

PASS ORR OTNE es oe 5 5 css o's <0 50s eircom ino: ivi be 5 lbs 

Trisouiim pnospuate (C..p:) ...... 66. ee tees 1 Ib. 

Socitim-wnetanhospaate «<6. 5. ce i ie Sie ere as 1 oz. § On 1 

MOMSEN CN on, sh epsis oraisid/aleterarslord Hae outa erekasle eats ee 1 07 

To th 





It is also preferred to add about one ourice of sodiu 
silicate to the above before dissolving. Th 








The inventors have found that about one pint @ actio 
the solution as above made is equivalent to 100 pound conft 
of salt. In a system having a 200-pound salt capacitf Fit 
they use 100 pounds of salt and one pint of solutiog there 
They state that this regenerating mixture produces § of th 
zeolite which turns out soft water over long periods ¢ famil 
time. 

Method of Food Product Preservation. No. 2,354,019 4 coo 
Edward C. Haines, Moorestown, New Jersey. not b 
Common preservatives now used to keep perishab§f ogniz 

food from spoiling include sodium benzoate or sulfi§ Sec 

dioxide. When used in sufficient quantities to be f order 
fective in preserving the food these substances affect tf ferenc 
flavor adversely and may possibly be dangerous to tf books 
health of the consumer. order 

This patent proposes the use of small quantities § order 
propylene oxide which, although itself objectionable 
food, changes in a few days to propylene glycol whiq 17, 
is not harmful to human beings, at least in the conce ts 7” 


trations used. 
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For example, to preserve fresh cider 0.5 to 1.0 per 
cent of propylene oxide is added to the cider as it 
comes from the press. The cider is then immediately 
put up in airtight containers to prevent further air- 
borne contamination. The cider when opened up 
many months later will be found to resemble fresh cider 
in taste and action. It will start to ferment since the 
preservative power of the oxide, which has now be- 
come glycol, is gone. Whole fresh fruits and vege- 
tables can be put up merely by immersing in a 0.5 to 
1.0 per cent water solution of the propylene oxide and 
sealing in airtight containers. 

The only caution that must be observed is to let the 
preserved food stand for at least several days in order 
to allow time for the conversion of the oxide to the glycol 
according to the following equation. 


H H H H H 
Bye | | 
H—-C—C—C—H + H:0-+ H—C—C—C—H 
ae ae 
O ¢ H 

| 
H H 


Defeathering Compound. No. 2,353,869. Oscar T. 
Bloom, Chicago, Illinois, assignor to Industrial 
Patents Corporation, Chicago, Illinois. 

The writer would hazard a guess that most chemists 


all a 
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have never seen the formula for a defeathering com- 
pound but that most of them could figure out pretty 
well what one would contain. 

A conventional way to prepare large numbers of 
poultry for market is to kill the birds, bleed the car- 
casses, scald, and remove the major portion of the 
feathers either by hand or mechanical pickers. The 
picked carcass still contains hair, pin feathers, etc., 
and must be further cleaned by means of a defeathering 
compound. 

This patent offers the following as an improved com- 
position. 


PAREN dra ba 5, o cxaxe cea eee ene eee ea 38 Ibs. 
Cte INGE cc ws Saw ee eee 2 Ibs. 
Paraffin: wax, m. p. 125°-127°F..........0.6c.00.<. 58 TBs, 
PAUSTRRAIENESITN: SECALENG 2 oo soo ko oe de cede wedexsabers 2 Ibs. 
eh a neenet eee ape ers Meee ee Stewie 3 Ibs. 
POCHAMERWs 25065 3 ots oa a ewe ewes 2 Ibs. 


This mixture has a congealing point of about 120°F. 
The poultry with a body temperature of 108°F. are 
dipped into the molten composition. They become 
covered with a heavy, tough coating which sets up 
quickly without water spraying. When the coating 
is later removed, all the hair and pinfeathers come with 
it leaving a clean surface. 


LETTERS 


On Unimolecular Reactions 


To the Editor: 


The article by George Antonoff! on unimolecular re- 
actions not only fails to clarify the subject, but adds 
confusion of its own. 

First, the statement that ‘‘in a unimolecular reaction 
there must be only one molecule at the left-hand side 
of the equation” is ambiguous. For example, take the 
familiar reaction: 


2N20; — 2N20, + O2 


According to the above definition, this reaction could 
not be unimolecular, but actually it has long been rec- 
ognized as such. 

Second, the article makes no distinction between the 
order and the molecularity of a reaction. This dif- 
ference is clearly stated in a number of recent text- 
books.2. Most of the article is concerned with first 
order reactions—not unimolecular reactions. A first 
order reaction is one in which the rate depends upon 





1 THIS JOURNAL, 21, 420 (1944). 
2 See, for example, GLASSTONE, ‘‘Textbook of Physical Chemi:- 
try,” D. Van Nostrand Co., New York, 1940. 


only one concentration. A unimolecular reaction is 
one in. which the mechanism of reaction involves a 
change in only one kind of molecule. While the order 
and molecularity of a reaction are often the same, they 
need not be. One example (mentioned by Glasstone’), 
the reaction between hydrogen and deuterium, is. bi- 
molecular, but the order of the reaction is 1.5. 
W. F. LuDER 


NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


To the Editor: 

In the article by myself in the September number, 
page 420, ‘“‘On unimolecular reactions,’ I noticed a 
lapsus in a sentence printed in italics, ‘‘should be only 
one molecule on the right-hand side of the equation.”’ 
Instead of ‘‘right’’ it should be ‘‘left.’’ Of course, from 
the following text one can see that it is a mistake, be- 
cause I refer to the left-hand side and not the right. 
To me it appears obvious that it is a lapsus, but other 
readers may take a different view. 

G. ANTONOFF 


FORDHAM UNIVERSITY 
New York City 





Here and There in the Trade Literature 


IRE extinguishment by means of ‘‘man-made fog”’ 

is described in the current number (vol. 7, no. 3) of 
Mechanical Topics (International Nickel Company, 67 
Wall St., New York City). 


Two articles of real chemical interest are found in the 
current number (September, 1944) of The Monsanto 
Magazine (Monsanto Chemical Company, St. Louis, 
Missouri), generally considered one of the best of the 
trade journals. One of these, “The Gunga Dins of 
today,’’ deals with the difficulties of supplying fresh 
water to our troops in the Asiatic theaters; the other, 
“Science and a tissue topcoat,’ concerns the use of 
paper impregnated with diphenyl for the protection of 
citrus and other fruits against spoilage. 


In the fall Number of Research Today (Eli Lilly and 
Company, Indianapolis, Indiana) some of the recent 
chemical and clinical research on malaria is discussed, 
with some attractive illustrations. 


In view of the concern over the rapid use of our oil 
supplies methods for the prospecting of new wells 
should be of great interest. Some of the old-fashioned 
(and modern!) contraptions for such prospecting, 
known as ‘‘doodlebugs,”’ are described in the Septem- 
ber, 1944, Shell News (Shell Oil Company, 50 West 
50th St., New York City). 


The relation of petroleum to the production of syn- 
thetic rubber is being described and discussed every- 
where—among other places in the July-August, 1944, 
Power Specialist (Johns-Manville Company, 22 East 
40th St., New York City). 


Taken from a short article entitled ‘“‘Gases in sunken 
ships” in the July-August number of What's New 
(Abbott Laboratories, North Chicago, Illinois): 


“‘The raising of sunken ships is a common task in peacetime, 
but far more frequent and important during wars. All the 
technical jobs connected with this work have their hazards, but 
one which might not readily come to mind faces every member 
of the salvage crew who enters a compartment long filled with 
water or long sealed away from access to fresh air. Fermenta- 
tions of many and varied kinds go on in sea water, especially 
in warm tropical seas and under conditions where an abundance 
of organic matter is present in a compartment firmly sealed 
against the outside air.” 


Elsewhere in this issue is described the use of paper 
in the rocket-launching tubes of fighter planes. An- 
other material used for this same purpose is magnesium 
alloy. The production of such tubes is the subject 
of an article, “‘Boom—whish!!’’ in the September Dow 
Diamond (Dow Chemical Company, Midland, Michi- 
gan). 

In Silicate P’s and Q’s, vol. 24, no. 6 (Philadelphia 
Quartz Company, 121 S. Third St., Philadelphia, 
Pennsylvania), can be found an interesting account 
of the Pidgeon Process for production of magnesium. 


From No. 9 of the same volume we quote the following 
account of water-softening methods: 


‘Geographers tell us that two-thirds of the earth’s surface is 
covered with water and we have no reason to doubt their word. 
It is curious that we humans find such a commonplace material so 
alluring that, given a few days leisure, we gravitate toward a 
body of water as though in response to some physical law, And 
how we love to splash in it, to ride upon its surface, or to merely 
sit beside it and watch for hours, entranced by its changeless but 
ever-changing beauty. 


“For all of its charm, however, we have learned that most 
waters are unsafe for internal enjoyment until they have been 
purified by mechanical and chemical means. Coarse, suspended 
solids can be removed by sedimentation or filtration; finely 
divided particles which do not settle may be eliminated by 
chemical coagulation processes; aeration removes dissolved 
gases some of which affect taste and odor; color is corrected by 
alum or carbon black; bacteria are killed by chlorination. Ex- 
cessive hardness can be corrected by a number of chemical means 
including base-exchange methods. 


‘All waters, of course, do not receive full treatment. Many 
are by nature of such high quality that very little is necessary to 
render them potable. Others, unfortunately, really need more 
treatment than the taxpayer feels able to support. Softening 
of very hard waters, for instance, is commonly neglected. 


‘‘The chemical treatment of waters has a long history. One 
of the earliest cases is recorded in Exodus wherein is related the 
wanderings of the Israelites in the wilderness and how, after 
three days without water, they came to Marah but could not 
drink of its waters because of its bitterness. ‘And the Lord 
showed him (Moses) a tree, which, when he had cast into the 
water, the waters were made sweet.’ Whether it was the tan- 
nic acid or some other chemical which corrected the difficulty, 
we can still appreciate the sense of something miraculous which 
those poor sufferers must have felt when the water was made po- 
table, and a miracle, as the Archbishop of Rheims said to the 
Chamberlain in St. Joan, ‘is an event which creates faith.’ 


“Since those ancient days the purification of water has be- 
come a science, which, fortunately, continues to advance. One 
of the most interesting present-day treatments is that in which 
chemical solutions are added to raw water for the purpose of 
creating large fluffy flocs which will settle slowly and, in so 
doing, carry down with them the tiny suspended particles which 
would otherwise leave the water slightly cloudy. Of the many 
materials such as sodium aluminate, ferric chloride, or aluminum 
sulfate which may be used for such a purpose it is the last, usu- 
ally referred to simply as ‘alum,’ which is most commonly used. 
Only very small amounts are needed—as little as one or two 
ounces to a thousand gallons are often sufficient. Curiously, a 
very muddy water carrying large dirt particles will sometimes be 
clarified by less coagulant than a clearer water carrying sus- 
pended particles of very small size. 


“Although the coagulant is added as a nearly clear solution, 
in alkaline waters it dissociates and coalescence of the mole- 
cules takes place rapidly to form gelatinous particles in which 
mud and bacteria are enmeshed. Gentle agitation is maintained 
for an hour, more or less, permitting the particles to grow into 
sizable flocs before they settle to the bottom. 


“Sometimes the alum is inadequate for a particular type of 
water and then coagulant aids are called for. Certain clays may 
be useful on the theory that they, like the particles of suspended 
dirt, are negatively charged and are thus effective in neutralizing 
the positive colloids produced by alum in solution. The nega- 
tively charged silica sols are very much better for this purpose.” 
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Apparatus for Inert Gas Systems 


AMOS TURK 


Boone-Turk Oil Development Laboratory, Pittsburgh, Pennsylvania 


T IS frequently necessary to carry out operations 

in an atmosphere of an inert or other gas. The 
method used to accomplish this usually consists of 
sweeping the inert gas through the system until any 
foreign gas present is completely displaced. The dis- 
advantages of such a procedure are the long and uncer- 
tain length of time needed to complete the gas flush- 
ing, the waste of gas, and the danger of incomplete 
displacement in inaccessible portions of the system. 
A more certain procedure involves three or four evacua- 
tions of the system, and refilling with the inert gas after 
each evacuation. 

In order to carry out such an operation, an extremely 
simple apparatus has been designed which eliminates 
the use of mercury manometers, numerous stopcocks, 
and other costly or bulky equipment. All that is 
needed is a small ‘lecture table’ tank of the inert gas 
(e. g., nitrogen), a T-stopcock, and a test tube contain- 
ing some mercury. When the displacement of foreign 
gas (e. g., air) by nitrogen is complete the apparatus is 
ready, without further change, for maintaining the 
nitrogen atmosphere for any length of time with a 
minimum waste of the gas. 


= PROCEDURE 


With the stopcock in the qT position (see diagram), 
the entire system is evacuated by a water aspirator or 
any other convenient vacuum source. Rubber tubing a 
is thin walled and therefore collapses, whereas thick- 
walled rubber tubing 5 does not. The stopcock is then 


turned to the | position (without removing the source 
of vacuum) and the valve of the tank is carefully 
opened until rubber tubing @ has regained its normal 
shape. The valve is then immediately closed. Using 
the small ‘lecture table’ type of tank it is very easy, 
with a little practice, to reach a pressure close to or a 
little above one atmosphere in this way. A large tank 
equipped with a reducing valve is also suitable. If too 
much pressure is applied by accident, the only harmful 
result will be that one end of tube a will be forced off. 


The stopcock is now turned back to qT and the system is 
thereby re-evacuated. This operation may be re- 
peated three times to insure a complete nitrogen at- 


The metal tantalum is being used in many unusual ways. 
irritating to living tissues, is ductile, malleable, and resists corrosion. 
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mosphere. After the system has been filled with nitro- 


gen for the last time and the stopcock is in the 1 posi- 
tion, the source of vacuum is removed and test tube d 
containing mercury is placed around the lower leg, c, 
of the stopcock, as shown by the dotted lines, so that c 
dips into the mercury to the depth of one or two centi- 
meters. The test tube may advantageously be sup- 
plied with a one-hole, grooved cork to prevent splashing 
out of mercury. The stopcock is then turned slowly 
counterclockwise toward position —-4. If the pressure 
in the system is less than atmospheric, mercury will 
start to rise inc. The stopcock is then turned back at 


once (clockwise) to 1 and a little more gas is introduced 
into the system. When the pressure is one atmospherg 
or more, and the stopcock is turned counterclockwise 
toward the —4 position, the mercury in the test tube will 
be undisturbed or the excess gas pressure will be re- 
leased by bubbling through the mercury. With the 
stopcock still in the —4 position, a small amount of ni- 
trogen is released from the tank to remove the residual 


air in tube c. The stopcock is then turned to qT and the 
apparatus has now assumed the form of the usual gas 
trap and is ready for use. The nitrogen atmosphere can 
be maintained in the system indefinitely by bubbling 
the gas slowly through the mercury gas trap, or by 
closing the tank completely and adding some nitrogen 
to the system only at such times that a deficiency of 
pressure is indicated by a rise of mercury in c. 

The apparatus described has been used with con- 
venience and time saving in this laboratory for many 
operations. 


This metal is not 
Wire so fine 


that a surgeon feels for it rather than sees it is now being used to repair nerves and 
to make surgical stitches where facial appearance is important. 
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Training of Professional Chemists for Industry 


RAYMOND E. KIRK 
Polytechnic Institute of Brooklyn, Brooklyn, New York 


NE is indeed presumptuous who endeavors to 

cover in a relatively short time so large a topic as 
that here indicated. The problems involved are certain 
to become greater as chemistry becomes more complex 
and the demands of industry become more specialized. 
Nevertheless, it is felt that there are certain fundamen- 
tals that can be presented in order to stimulate further 
thought and further discussion. It is desirable to 
emphasize that we are discussing the training that is 
deemed best for entrance to the profession of chemistry. 
The question of the exact time limit of such a program 
need not be raised. The director of a professional cur- 
riculum in chemistry is caught between the desire of his 
staff to extend the program, the pressure from industry 
for well-trained men, and the financial and traditional 
pressures that usually restrict the program to one of 
four years. Selection of entrants is by no means a 
complete solution to this pressing problem, since many 
young men only become aware of professional ideals 
and possibilities while in the traditional four-year pro- 
gram. 

First of all, it seems highly desirable to point out 
the differences in objectives that exist between the 
“technical institutes’ and the ‘‘technical high schools’”’ 
on the one hand and the “professional schools of chem- 
istry’’ on the other. The State of New York is to wit- 
ness soon after the war a tremendous expansion of 
technical high-school training and also of subpro- 
fessional training in the proposed technical institutes. 
These technical institutes, with State support, have 
been planned to prepare young men and women 
for technical and subprofessional employment. The 
need for such institutes is admitted by all. Their 
graduates will increasingly be called upon to do the 
routine work of the analytical laboratories and of the 
chemical plants. Nothing in what is hereinafter to be 
said should be construed as detracting in the least from 
the dignity and importance of this kind of training. 
As against the ‘‘technical institutes’’ one must set the 
professional schools of chemistry in colleges and uni- 
versities as well as in independent institutes of tech- 
nology. Their task will become increasingly one of 
preparing men to become leaders in the profession of 
chemistry. The chemical industries are coming to have 
a great appreciation of the importance of fundamentals 
both in the training of their research workers and in 
the operations of their research programs. For the 
purposes of this discussion it can perhaps be assumed 
that an institution which has been accredited by the 


1 Paper presented before the Division of Chemical Education 
of the American Chemical Society, 108th meeting, New York 
City, September 12, 1944. 


American Chemical Society is operating a “‘professional 
school of chemistry.”’ 

The rise of the technical institutes makes it even 
more important than before that the professional char- 
acter of the schools of chemistry and chemical engineer- 
ing in universities and institutes of technology be com- 
pletely recognized. This is especially important since 
by tradition the holder of the baccalaureate degree in 
chemistry or chemical engineering has often started his 
career doing work that is admittedly subprofessional. 
He has then been expected by self-study or by evening- 
school study to further his professional preparation, im- 
prove his general status, and thus rise above subpro- 
fessional tasks to professional ones. It seems rather 
likely to the writer that this practice will continue. 
The situation may therefore readily arise where men 
holding baccalaureate degrees from professional schools 
will for a time work side by side in the laboratory or in 
the plant with men of subprofessional training and 
status. This poses many problems for the persons 
responsible for professional curricula in chemistry and 
in chemical engineering. 

The young man who enters upon a career as a pro- 
fessional chemist must, of course, be a good laboratory 
technician; but he must be much more than that. 
He must have a thorough knowledge of the facts of in- 
organic and organic chemistry; but he must have much 
more knowledge than that. He must know the pre- 
vailing analytical practices, he must know the usual 
physical chemical techniques; but he must also show 
at as early a stage in his career as possible evidence of 
creative imagination. The young professional chemist 
must be a good glassblower, he must be good on com- 
putation, he must be deft and careful in his work; but, 
above all, he must have the ability to rise above routine 
performance and very quickly demonstrate his ability 
to direct the work of subprofessional men. This is, 
of course, a large order. The persons. responsible for 
planning curricula in chemistry or chemical engineering 
are facing a tremendous responsibility in preparing the 
young professional man. These curricula must be 
carefully rebuilt. It seems to the writer highly desir- 
able that this revision be very thoroughgoing. It also 
seems desirable that the curricula be planned both to 
permit entrance thereto of the specially capable grad- 
uates of the ‘‘technical insitutes,’’ probably on a part- 
time basis, and also to prepare the specially capable 
students in the traditional four-year professional cur- 
ricula for graduate instruction. 

One aspect of the revision of curricula that is of es- 
pecial importance has to do with the method and con- 
tent of basic courses in science and mathematics. Ob- 
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viously, the first years of any professional curriculum 
must be primarily concerned with basic science and 
mathematics. It is often argued that the first year of 
any professional curriculum should be devoted entirely 
to such instruction together with auxiliary instruction 
in the humanities. It seems desirable, however, that 
some practical and professional work be given at this 
level and that some portion of the time to be devoted 
to general instruction in the humanities be held over 
for the junior and senior years. In the field of chem- 
istry the traditional laboratory courses in qualitative 
analysis seem to offer a great deal of promise as an in- 
troduction to professional work, especially when the 
time-saving possibilities of semimicro methods are fully 
utilized. 

It seems especially important that the courses in 
physical science and mathematics be completely over- 
hauled both to take advantage of the tremendous im- 
provement that has taken place in secondary school 
courses in physics and chemistry and to utilize more 
completely the approach to the physical sciences now 
available because of the developments of atomic physics 
during the last 40 years. Current practice in first 
courses in chemistry at the university level has been to 
make considerable use of the concepts of atomic struc- 
ture. It might be said parenthetically that a rather 
prominent professor of chemical engineering has re- 
cently objected to this as impractical and undesirable. 
The traditions of physics instruction in engineering 
classes are, however, still against any detailed use of 
modern physics in the first courses. There still exists 
a tremendous tendency to relate all the illustrations to 
classical mechanics. These illustrations, desirable as 
they may be, should be recognized for what they are— 
simple professional studies of great value to the embryo 
engineer but not necessarily the best illustrations for 
modern physics. It should also be noted that the tradi- 
tions of physics instruction have long concerned civil 
engineering and mechanical engineering rather than 
modern electrical engineering, chemical engineering, or 
chemistry. Physical stituations involving modern 
ideas as well as those of classical mechanics should be 
used in the teaching of physics. 

We must, in the opinion of the writer, revise rather 
completely our first- and second-year courses in science 
and mathematics if we are to rise above the level of 
the ‘‘technical institutes.’’ This will demand very 
drastic changes. The details of content and method 
in the first-and second-year courses in science and 
mathematics must be changed radically, but as a prac- 
tical matter they must also be changed with the advice 
and enthusiastic cooperation of the teachers in these 
years. The current practice of turning over much of 
the instruction of these years to younger men without 
teaching and research contacts with the graduate 
school is to be deplored. The ablest members of the 
staff might well be withdrawn for part of each week 
from the research laboratories to reorganize and re- 
vivify these courses. Teaching by ‘‘hacks’”’ is to be de- 
plored in science and mathematics as in other fields. 
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It seems highly desirable in the first courses in physi- 
cal science to integrate the scientific ideas now current, 
whether they originated before the 20th century or not. 
It would seem to be possible, for example, to follow 
problems in classical mechanics involving the various 
dynamic variables of systems by a discussion of the 
situations encountered beyond certain well-recognized 
limits. One might well use the now very familiar 
illustrations of the position and the momentum of the 
electron. Why should our knowledge of the limitations 
of classical mechanics be withheld from the student of 
the physical sciences until he is a senior or graduate 
student? If this demands that our students of science 
and engineering acquire in their first years a knowledge 
of the algebra of operators, what of it? Is the sequence 
of mathematical subjects so sacred that it cannot be 
changed in order to improve the training of scientists? 
It seems to the writer that we have only started to re- 
vise our fundamental sequence of ideas in the field of 
chemistry itself. We are still too loathe to include in 
the first course in chemistry ideas that came to us in 
the graduate school. Here, too, the young, vigorous, 
and fully trained man from the research laboratories 
can be of tremendous assistance. The ideas of modern 
chemistry need to be introduced at as early a date 
as possible if we are to train professional leaders in 
chemistry. 

It is not intended to argue that no practical in- 
struction should be given in the first years of the pro- 
fessional curriculum. Indeed, much of laboratory 
practice must be utilized. The traditions of past years, 
however, must not be permitted to dominate the cur- 
riculum or to dictate sequences. 

The problem of the humanities is another vexing 
one. No one seriously argues against the desirability 
of achieving a broad understanding of man and society 
in the training of professional men. The question is 
not the desirability of this broad understanding for 
the professional chemist but how best to achieve this 
broad understanding. Is this to be had by traditional 
and isolated courses under an elective system? Will it 
be guaranteed by requiring a certain percentage of the 
four-year curriculum to be devoted to isolated and in- 
cidental courses? Moreover, what percentage is neces- 
sary to guarantee the desired result? Doctor M. L. 
Crossley suggests that not less than 40 per cent of the 
undergraduate program should be devoted to the 
humanities. A distinguished committee of the Society 
for the Promotion of Engineering Education suggests 
20 percent. What assurance have we that the profes- 
sional chemist will become the broad-gage human being 
that we wish him to be if we devote 20 or 40 per cent of 
his time tosuch studies. It seems to the writer that only 
in so far as the student of chemistry acquires an interest 
in human affairs and the desire to know more about 
human affairs will he then achieve our ideals. Some- 
one has said that the broad understanding possessed 
by a professional man is more closely related to what he 
reads after six o'clock during the first ten years after 
he gets out of college than it is to the courses he took in 
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college. The inspiration of a forceful teacher of English 
or history, or economics, or even chemistry, seems 
often to be the explanation of why certain men develop 
the desirable traits of broad human understanding, 
sympathy with human aspirations, etc. One institu- 
tion has for years turned out engineers and chemists 
with an interest in and an enthusiasm for the theater, 
mainly because of the senior course in Modern Drama 
that they took with a powerful and stimulating teacher 
of English. If the teaching of chemists in English, in 
history, in economics, and in sociology is turned over to 
hacks, no amount of education will serve to turn out 
broad-gage scientists and engineers. One course with a 
master is worth ten with a drudge! 

The interests of students in general affairs outside 
their science is often stimulated by their activities in 
student organizations. The ‘‘student affiliate’ 
branches of the American Chemical Society are aiding, 
I am sure, in providing young chemists with an interest 
in their fellows and in organized endeavors for the 
benefit of the profession. Such student organizations 
should be stimulated and zealously fostered. Faculty 
supervision should not of necessity fall upon the 
youngest member of the staff. Other student organi- 
zations, such as dramatic clubs, debating clubs, world 
affairs clubs, etc., can be of great benefit. When 
these activities are carefully and tactfully supervised 
they can be of great bencfit in making young profes- 
sional men aware of the larger implications of their 
professions. 

Another aspect of the professional training of chem- 
ists that will become very prominent in the postwar 
years is that concerned with part-time and ‘‘in-service”’ 
training. Many returning veterans will wish to enter 
at once upon active professional careers and utilize 
their evening hours for “refresher” and advanced 
training. Many of the universities and institutes of 
technology located in metropolitan areas have already 
established vigorous programs of this sort. It is antici- 
pated that these will be very much enlarged. It 
seems likely that the extension services of the state 
universities will also establish similar programs in in- 


e@ The barrels of the flying bazookas which the Army 
Air Forces have installed on the Thunderbolt and 
other types of fighter planes are made from a special 
paper plastic, which was adopted because it is lighter 
than other types of material and better adapted for 
this job. Exactly what resins are used has not been 
revealed; but the plastic is, of course, fire resistant in 
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dustrial centers removed from the campuses. The de- 
sirability of such training and the success of such pro- 
grams have been clearly demonstrated where tried. It 
may well be that this ‘in-service’ type of advanced 
training will even extend to post-doctoral programs. 
The rapid expansion of fundamental knowledge in 
specialized fields has made it impossible for a doctoral 
candidate to cover all the desirable fields of knowledge 
in the full-time graduate programs of our universities. 

A newer feature of “in-service” training that will 
evidently be greatly expanded is short courses or 
“clinics” designed to give specialized instruction in 
principles or techniques to professional chemists. Such 
clinics can extend for one or two weeks as full-time 
courses. These clinics will utilize the special knowledge 
and equipment of the research laboratories of our in- 
stitutions of higher learning. In the few instances in 
which they have been offered the chemical industries 
have demonstrated their willingness to pay the costs of 
instruction and to support their chemists while in 
residence. Such short courses are equally feasible for 
the institution in a large city and for the institution in a 
small country town. Their desirability is apparent. 

Professional education in chemistry in America is 
fortunate in that it is carried on in institutions of very 
different sorts, in liberal arts colleges, in large universi- 
ties, and in institutes of technology. One would be bold 
indeed to assert that any one of these institutions pro- 
vides the only possible answer in the professional training 
of chemists. Each will be free in the future as in the past 
to work out a pattern for the training of chemists. It 
is desirable in the opinion of the writer that the Ameri- 
can Chemical Society set the broad pattern as it is 
doing. It is hoped that this pattern will never be- 
come so narrow that it prevents thoughtful experi- 
mentation in method and curricula or so rigid as to 
prevent planned deviation from the general pattern. 
The emphasis upon faculty rather than upon details 
of curricula is in my opinion a correct one. It follows 
further that the problem of recruiting and training 
young faculty members is one of paramount impor- 
tance. It is far too large to be discussed here. 


order to withstand the fiery blast of the rocket missile 
when it is launched. 

The fighter planes carrying these bazookas have been 
referred to as “‘flying artillery,’’ and they have proved 
their worth many times against the Germans in France 
and the Japs in the China-Burma theater of opera- 


tions. 
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F. L. Hahn 


RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


ILLSTATTER, Haber, Bredig, Feigl, Kohn, 

Drucker, Paneth, Freundlich, and many others— 
the list is long. Who can measure the disservice to 
German chemistry when the senseless and cruel ac- 
tions of the Nazis made it impossible for these eminent 
men to continue working in their own country? Among 
those who found it impossible to tolerate this inimical 
atmosphere, was the subject of this sketch. His life 
was outside the political turmoil, his interests were 
entirely scientific and academic. Nonetheless, this 
accomplished chemist, who could have contributed so 
much to the advancement of the national intellectual 
and economic welfare was the victim of ideological 
bigotry and hatred. 

F. L. Hahn was born in 1888 at Oels, in Silesia. After 
the usual preparation, he matriculated at the Univer- 
sity of Berlin. His teachers included Emil Fischer, 
Gabriel, Nernst, Rubens, Mannich. He was assistant 
to Wilhelm Traube. The Ph.D. was conferred in 1911. 
In 1913 Dr. Hahn began his long period of service at 
the University of Frankfurt a. M. He passed through 
the various academic grades and was made full pro- 
fessor in 1922. 

His chief interest had always been analytical chem- 
istry. He published constantly in this field and built 
up an international reputation. He served as Chair- 
man of the Division of Analytical Chemistry in the 
Verein Deutscher Chemiker. In 1922 he published his 
“Leitfaden der Quantitativen Analyse,” an excellent 
introductory text. 

With characteristic acumen Professor Hahn sensed 
the growing menace and, anticipating more direct ac- 
tion by the party that had taken over the government, 
resigned and emigrated to France in 1933. Here he 
found a kindly reception at the Sorbonne and worked 
with Georges Urbain in the Laboratorie de Chimie 
Générale. He exchanged this temporary haven in 
1935 for the chair of chemistry at the Escuela Politec- 
nica (School of Artillery and Engineering) at Quito, 
Ecuador. In 1937 he became a citizen of Ecuador. 
After seven successful years of endeavor in this school 
he decided to devote his talents to.another field of use- 
fulness. In 1942 he moved to Guatemala, where he 








F. L. HAHN 
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now occupies the important post as Chief of the 
National Institute of Agricultural Chemistry. 

The permanent record of Dr. Hahn’s activities is 
found in his more than 120 papers on analytical chem- 
istry. In particular, he has dealt with the unraveling 
of disagreeing statements by various writers and the 
clarification of analytical data that did not accord with 
the axioms of general chemistry. In microchemistry, 
he has studied the use of catalyzed actions for the de- 
tection and determination of various materials. -The 
theory and practice of potentiometric analysis have 
been one of his favorite fields of investigation. Po- 
tentiometric measurement of the rate of catalyzed re- 
actions has recently received his careful attention. He 
served on the editorial staff of MWikrochemie from 1929 
to 19386. He also was one of the carefully selected 
collaborators in the important series of monographs 
“Die chemische Analyse’’ edited by Wilhelm Béttger. 
Germany’s loss has definitely been America’s gain. 


There was a little dope with a fat pay envelope 
And she spent every cent that was ig it. 

And she wondered, by and by, why the prices rose so high 
But she didn’t blame herself for a minute. 


—Berton Braley 
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Chemists, Capitalists, and Communists 


WILLIAMS HAYNES 
Author of **This Chemical Age’’ 


OMEWHERE on earth are half a dozen chemists 

who will have more influence on the future of man- 
kind than Stalin, Churchill, or Roosevelt, or any of the 
flock of generals whose names fill today’s headlines. 
I cannot name these great chemists for you. If I 
were addicted to prophecy I might make some guesses, 
but I will at least hazard the patriotic prediction that 
two or three of them are Americans. It is not in- 
conceivable that one of your own former students 
may be among them. New England has not lost the 
knack of turning out a real genius on occasion, and I 
am. thinking of true chemical giants, men who—I re- 
peat it—will more profoundly affect the course of hu- 
man history than any politician or soldier who now 
‘struts and frets his hour upon the stage.” 

You do not believe me and I do not blame you. 
With diabolic perversity historians so frequently com- 
memorate the wrong events, examine the wrong causes, 
remember the wrong heroes, that it is difficult indeed 
to study history and not acquire an exceedingly warped 
historical perspective. 

That discouraging, dangerous fact should be a warn- 
ing to teachers of chemistry because your students 
should not only learn chemistry from you, but they 
should also acquire through you a sound chemical per- 
spective. In the world of tomorrow that knowledge 
will be valuable to them and important to this nation. 
Chemical perspective: that is what I want to discuss 
because I am anxious to persuade you that along with 
the principles and practice of chemistry you must also 
teach your students the meaning of chemistry, its 
economic, political, and social relationships to the world 
of tomorrow. | 

To return very briefly to history, a century and a 
half ago the Napoleonic wars so filled the thoughts of all 
Europe that almost nobody noticed that in England 
half a dozen sputtering, primitive steam engines were 
beginning to pump water out of mines and turn spin- 
ning wheels. Napoleon redrew the map of Europe 

* 


1 Address before the sixth Annual Summer Conference, New 
England Association of Chemistry Teachers, New London, Con- 
necticut, August 24, 1944. 
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half a dozen times. But those leaky little engines built 
our cities and our railways, created our great factories 
and our great corporations. They rewrote our laws 
and remade our ways of living, furnishing the very 
foundation of all that we are pleased to call our modern 
civilization. 

From the hunting and fishing stage to present-day in- 
dustrialism this principle always holds: man’s mode 
of living—aJl his social and political organizations, 
his customs, his finances, his laws—are conditioned and 
controlled by the materials and techniques available at 
that particular time for making the best living with the 
least effort. Also since the very beginning, men have 
always striven to tip the economic scales in their own 
favor. Force and trickery, religion and superstition, 
tyrannical edict and democratic law, every means to 
these selfish ends has been employed. Under every 
economic system man has exploited man, but no man 
or group of men have ever been able to dam the on- 
ward flow of material progress. If they succeed in 
diverting it for a little time, its pent-up force sweeps 
them into oblivion. 

At this time, when we are obviously entering one of 
those disorganized periods of great change in human 
affairs, two groups are girding for the old effort again 
to control the economic system. We call them ‘‘capi- 
talists’’ and ‘“‘communists,’’ elastic, emotional words, 
representing two different perceptions of human values, 
the individualistic and the communal, the integrity of 
the human being and the good of the human race. 
I submit to you the premise that not capitalism or 
communism, but chemistry, will shape the world to 
come. 

All that the application of power to man’s tools has 
meant to us, we sum up conveniently as the ‘‘Indus- 
trial Revolution.’’ Of late, we have begun to talk 
glibly about the ‘“‘Chemical Revolution.” If that apt 
phrase expresses a fact, we are dealing with an economic 
force as disruptive as a blockbuster. Just as the dis- 
coveries of Newcomb and Watt more profoundly af- 
fected human history than all the campaigns of Napo- 
leon or the peace treaty written by the Congress of 
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Vienna, so what our chemists are doing today may 
well be the most important events of contemporary 
history. 

The mainspring of the Industrial Revolution was new 
machines, the essence of the Chemical Revolution is 
new materials. Synthetic, man-made-to-order mate- 
rials of chemical origin are something really new in this 
old world of ours, things undreamt of in the philosophy 
of historian or economist, of statesman or financier, of 
industrialist or labor leader, or in the dreams of common 
man. 

In distinction to natural raw materials, man-made 
materials are not confined within the boundaries of 
any map. The vanilla vine flourishes only in the 
tropics. But a vanillin plant operates as efficiently in 
Rothschild, Wisconsin, as in Naugatuck, Connecticut, 
and its annual output is impervious alike to drought or 
flood, to insect pest or plant disease. The cosmic ac- 
cident that placed deposits of fossil gums on the shores 
of the Baltic and in the heart of the Australian bush has 
no influence whatever upon the choice of a stragetic 
location for a synthetic resin factor. In the outskirts 
of Akron a synthetic rubber operation enjoys patent 
advantages in competition with a natural rubber 
plantation in distant Malaya. Commercial geography, 
as we studied it, has simply no meaning today and we 
must revise all our old conceptions about world trade. 
Obviously there need no longer be any have-not na- 
tions. 

We, the people of the United States, who before 
Pearl Harbor regularly bought more than half the 
world’s supply of rubber, quinine, cinnamon, and pyre- 
thrum, will not need to buy any of these great com- 
modities of international trade after the war. In 1939 
we paid out nearly 187 million dollars for these four 
items; that is, roughly two-thirds of all our imports of 
all raw materials from the entire Far East. If we im- 
port but half as much rubber, quinine, cinnamon, and 
pyrethrum we will upset the economics of Malaya, 
the Dutch East Indies, and Ceylon, threatening the 
livelihood of more than 70 million people. 

That is a sobering thought. Pondering it, our Secre- 
tary of State proposes to assure world peace by re- 
storing free exchange of goods in international trade 
and to create world prosperity by encouraging the 
greatest possible production of these raw materials to be 
exchanged for our manufactured wares. 

Splendid ideals inspire this program, but it is danger- 
ously reactionary. It would revive outworn mercan- 
tilist ideas of world trade, thinking that would revivify 
the expiring colonial system, and lead inevitably to 
unilateral trade agreements—coconuts for cotton 
cloth; tin for typewriters—which we know now were 
contributing factors in the world-wide depression of 
the thirties. For all its apparent liberalism a postwar 
plan for world prosperity based on the greatest pos- 
sible exchange of raw materials for manufactured goods 
is the perfect scheme for keeping the so-called back- 
ward nations backward. They themselves will re- 
pudiate it, as we revolted in 1776 against the mer- 
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cantilist system England imposed on her American 
colonies. 

It is no more possible for us to conceal the material 
benefits of modern industrialism from the rest of the 
world than to hide an elephant in a cabbage patch. 
There is no monopoly in science and we have lent- 
leased the know-how of mass production methods all 
the way from Russia to New Zealand. To China, 
India, Australia, and the whole of South America the 
great lesson of this merchandised war is that their eco- 
nomic salvation depends upon industrializing them- 
selves as quickly and as completely as they caff. 

So long as he had only his naked hands, even after 
he had an ox and an ass, some windmills and water- 
wheels to help him, man has never been able to wrest a 
decent living from niggardly, menacing Nature. For 
nine out of ten of all the men, women, and children on 
this planet the crying need is—and always has been— 
for food, and certainly chemists should not forget that 
when synthetic indigo ‘‘ruined”’ the great, profitable, 
indigo plantations, it released nearly a million and a 
half acres for the growing of millet. That made a 
notable contribution to alleviating the recurrent 
horrors of the Indian famine. It is a plain lesson 
what might be done if we helped backward economies to 
acquire power tools and stopped tempting hungry 
people to grow rubber and quinine, insecticides and 
condiments, yes, even ':emp and sisal, industrial mate- 
rials that, thanks to chemistry, we no longer need. 

And yet, many influential postwar global planners 
subscribe to these reactionary tenets and active steps 
have been taken to enforce them. We have, for ex- 
ample, spent millions—some say as many as three 
hundred—to resurrect rubber in Brazil, a supply of 
a natural raw material that was killed 30 years ago by 
greedy, bloodstained exploitation of trees and natives. 
To foster this uneconomic revival we have written into 
that declaration of good neighbor policy, the Rio de 
Janeiro agreement, a promise to scrap our synthetic 
rubber plants. 

To any American chemist that is a silly promise, a 
wicked promise to any sincere citizen. For the sake of 
our national honor it should never have been made, for 
it will not be kept. It would never have been made if 
our statesmen had the foggiest notion of what the 
Chemical Revolution means. 

It is possible to thwart progress by law, but only a 
little and for a very short time. Any synthetic mate- 
rial that gains a toehold in the world’s market places 
represents real chemical and economic progress. It 
must be better or cheaper, often both, than the natural 
product it replaces. Synthetic rubber is here to stay. 
Inevitably it will become better and cheaper. Politi- 
cians, and planters, too, should be warned that no 
manufacturer has ever started to use a synthetic 
product and then gone back to the natural material that 
it replaced. From the first synthetic dye to the latest 
synthetic drug there is no exception to that rule. Un- 
less we reckon rightly with such chemical facts our 
future international relations will become an unholy 
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mess; our plans for a brave new world a howling failure. 

The ability of synthetic materials to cancel geo- 
graphic limitations upon natural resources is not their 
only revolutionary attribute. They possess chemical 
and physical characteristics quite at variance with 
other laws of nature, and these new properties made 
possible entirely new industrial techniques. 

All our most ingenious, automatic machine tools are, 
after all, only cunning mechanical elaborations to save 
the age-old labors of the handicrafts. They spin and 
weave fibers, form metals into new shapes, chip or 
carve stone, saw and plane wood, all artfully designed 
to fabricate these materials more to our liking. But 
since few of these materials lend themselves to continu- 
ous, automatic manipulation and not one of them is in 
every respect ideal for our uses, it follows inevitably, 
first, that the machines themselves are restricted, and 
second, that the goods they produce are never wholly 
satisfying. Remove these twin handicaps inherent in 
our raw materials and our industries are set for another 
burst of developments. 

In ways that no natural material can ever fulfill, 
synthetic materials fit into modern mass production 
methods as a piston slips into a well-oiled cylinder. 
Compare rattan with Saran. The canes of the Asiatic 
palm known to botanists as Calamus rotang come to us 
from India in bundles six, ten, fifteen feet in length. 
Obedient to the first law of nature, infinite variety, no 
two of these split, dried reeds are the same length, the 
same thickness, or the same breadth. Every one 
differs in the toughness of its outer covering, its ten- 
sile strength, its resistance to flexing or to rubbing, to 
water or to acids and alkalies, in scores of chemical and 
physical points important when we come to weave it by 
machinery into seat covers. That is rattan’s great 
use, and admittedly of all weavable wands it makes the 
smoothest, toughest, most easily cleaned, best-looking 
seat cover, so it has been selected for exceedingly ex- 
acting duty in public conveyances. 

Saran, a polyvinyl plastic, can be extruded into thin 
wandlike strips and woven closely in the ancient basket- 
weave pattern. It may be produced any size, shape, 
width, or thickness, a thin flat ribbon or a fat round 
thread, concave or convex, or, if you wish, rounding on 
one side and flat on the other. Whatever shape is 
selected, once the dies are set, that extruded strip may 
- be shoved out like spaghetti for indefinite lengths, 
wound on great spools, and every single inch in a mil- 
lion yards will be exactly—chemically and physically— 
like every other inch; uniformity to the mth degree, 
absolutely standard quality. Even overlooking that 
rattan after being graded must be soaked and then in- 
spected before it can be woven at all, the advantages of 
feeding hundreds of feet of identical strips off spools 
into the weaving machines are self-evident. From its 


origin in an American chemical plant, as contrasted 
with a fever-soaked bamboo jungle in South Asia, to 
its fabrication into a subway seat cover, Saran fits this 
age of ours better than rattan. 

This fine adaptability of synthetic materials to 
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modern production techniques is as significant, though 
less emphasized, as their economy. Their perfect 
uniformity means that industry can with confidence 
develop standardized formulas and machines. But 
though uniform they can be varied. Physically the 
rayons exemplify this deliberate variation perfectly 
with continuous or cut fibers, permanent twists and 
spirals; flat, curved, or round filaments; alternately 
thick and thin as the flow through the spinnerettes is 
automatically pulsated. Synthetic resins have a similar 
range of chemical properties, making possible particu- 
larized coatings adapted to such diverse conditions of use 
as the bottom of a battleship or the wingtip of a plane; 
the inside of a refrigerator or the outside of a baby’s 
rattle. To spread paper-thin plastic-plywood sheets 
over a form and then set them by steam pressure in a 
rubber bag is a brand new industrial technique, pre- 
dicated upon new types of man-made materials. 

From new materials has always come the prime im- 
petus to man’s materialistic progress. Since the first 
flint was chipped, the first bundle of reeds woven into 
a basket, our new skills have always been acquired in 
order to manipulate new materials. As the common 
drinking vessel has evolved from shell or gourd, to 
baked clay, to fused silica, to synthetic plastic, or the 
common writing instrument from goose quill, to steel 
nib and wooden holder, to fountain pen, so all our 
everyday utensils, our homes, our clothes, our fuels, our 
weapons, even our foods and medicines, all follow the 
same double pattern of increasing complexity in both 
materials and manipulation. The invariable evolution 
has been from a nat‘1ral object used ‘“‘as is’’ to a highly 
processed substance most intricately fashioned. 

Now, we are producing our own materials, creating 
them by the thousands every year, made-to-order to 
suit our needs. Having turned tools into machines by 
employing power, we have so enormously multiplied 
and speeded up the production of all sorts of goods, 
cutting costs so sensationally, effecting such enormous 
savings of time and labor, that a decent living for 
every human being on earth is no longer a Utopian 
dream. 

Nobody with chemical perspective dares to be a 
pessimist today. A new frontier is opening before us, 
because these new synthetic chemical products of ours 
are the very stuffs of abundance. Chancy crops grown 
on worn-out soils, the failing forests, depleted mines, 
those are the materials of an economy of scarcity. 
But synthetic materials know no law of diminishing 
returns. They defy the law of supply and demand, for 
they become cheaper and cheaper as we want more and 
more of them. They are apt to blow up the very 
foundations of established economics. 

Even a torpid imagination can picture a vastly differ- 
ent world if there were enough to go ’round. What a 
great area of conflict would vanish if there were no 
have-not nations! What a difference in life if the bil- 
lion and a half human beings who normally in peace- 
time live and die chronically undernourished had 
enough toeat! What a profound change in human rela- 
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tions if the able man who acquires wealth were not 
coinpelled to do so by taking more than his share from a 
supply insufficient for all! 

A life of abundance—at least we have the ma- 
chines and the materials to make it a reality. Ob- 
viously we do not agree who is to control the materials 
or run the machines. Starry-eyed visionaries are 
planning and hard-boiled realists are plotting, both 
blissfully ignorant that we are on the threshold of the 
Chemical Age, a new economic epoch in which ideals 
must have chemical perspective and realities will be 
conditioned by chemical values. 

The abundant life almost within our grasp must not 
become a political football, whether kicked by capi- 
talist or communist. The promise of social security is 
one of the oldest political gags. ‘‘No Roman citizen 
shall starve,” said August Caesar. “A chicken in 
every pot every Sunday,” promised Henry of Navarre. 
“Two cars in every garage,’’ was Calvin Coolidge’s 
slogan. And now that ancient platform pledge has 
been boosted to the absurdity of ‘‘a bottle of milk for 
every Hottentot every day.” 

Throughout the ages the politicians have found no 
way of fufilling these promises save the very one de- 
vised by Augustus Caesar himself: bread and circuses. 
And in the end bread and circuses ruined the Roman 
Empire. Contrast that promise with the performance 
of the doers, the explorers and inventors, the merchants 
and manufacturers, the chemists and the engineers, the 
men who have conceived boldly and venture bravely to 
make those promises come true. The surest promise of 
plenty for tomorrow is being made today by the chemist 
in the research laboratory and fulfilled by the engineer 
in the plant. That is what I mean by chemical per- 
spective, and that is what I urge you pass on to your 
students. 

A dozen years ago an important chemist who was a 
great teacher of chemistry gave us the classic example of 
chemical value. The munitions program of the war 
has so radically and typically revised his example that 
today it is doubly apt. Charles Herty asked the lead- 
ing question: ‘“‘If purified cellulose from spruce sells 
for 41/2 cents a pound, what is cotton worth?’ On the 
basis of chemical values clever rayon chemists worked 
out the answer, ‘about 5 cents’; but on the basis of 
parity values smart bureaucrats figured that to Ameri- 
can planters cotton was worth 15 cents. That artificial 
price was maintained in the United States by law, but 
thanks to more cotton from India and Egypt and new 
cotton from Brazil and Mexico, the open, world-market 
price of cotton, just prior to the war, was actually 5/2 
cents gold. In producing 9,000,000 pounds of smoke- 
less powder daily—from wood cellulose, note well, not 
from cotton cellulose—the price of wood cellulose has 
been brought down so that after the war it may sell as 
low as 3!/, cents a pound. What then will cotton be 
worth? 

The correct answer is certainly not ‘‘about 20 cents’’ 
which is the present law-controlled price of a com- 
modity, the control of whose price has definitely passed 
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its chemical competitor. Yet a correct answer to this 
problem in chemical economics is imperative to the 
prosperity of the South. Equally live, complicated 
questions are raised by the chemical values of corn and 
peanuts, rubber and hemp, sugar and starch, a dozen 
different metals. You can see how important it is to 
discuss in the classroom the political, economic, social 
implications of chemical values to each of us, to this 
country of ours, to the whole wide world. In a Chemi- 
cal Age, chemical values are bound eventually to pre- 
vail. 

Almost without exception, the prefaces to textbooks 
of elementary chemistry contain the statement that 
one of its purposes is to instruct the student in the 
scientific method and to give him an appreciation of the 
scientific spirit. Those are certainly worth-while 
objectives, especially important at this very moment 
when we need so sorely to study objectively the many 
problems that confront us and to seek their solution by 
realistic methods. We have the machines and the 
materials; we alone shall be to blame if we do not at- 
tain the goal that our forefathers back to the caveman 
have sweated and strained to reach. 

In one sphere of activity we have learned to find the 
facts first, to base our conclusions upon accurate data, 
to act rationally from logical premises. The accelerat- 
ing progress made in machines and materials during the 
past century testifies impressively to the practical 
value of the scientific approach to human problems. 
The practical application of research has been a quick- 
ening leaven in all the thinking of businessmen. We 
snicker at the advertising agency that counts the cross- 
eyed stepchildren in Scranton and calls it “‘research.”’ 
But at least that is a factul approach, and, after all, 
maybe their “‘silly statistics’’ are of value in sociology or 
optics. 

How pitifully seldom do we have even this faint 
glimmer of scientific spirit in approaching our prob- 


lems! We emote violently to questions of religion or 
politics. Group interests blind us to the most obvious 
facts. Our egoism is impervious to the most funda- 


mental truths. We habitually use sentiment and 
prejudice as substitutes for realistic thinking. 

What research has done for business thinking should 
encourage us to hope that possibly the next generation 
might acquire the ability to think objectively in at 
least one other area. From research to industrial 
chemistry is a short step. Might it not be that a 
sound comprehension of the causes and effects of the 
Chemical Revolution through which we are living could 
encourage the everyday use of a scientific approach to 
many problems? That would be a glorious fulfillment 
of the promise of the textbooks. It would be a greater 
victory than the defeat of Naziism, for if the Chemical 
Revolution is to change our entire economic and social 
systems, the world will surely need all the chemical 
understanding it can muster. 

At the birth of a new era we are groping blindly. The 
capitalists have no chemical perspective. The com- 
munists blithely ignore chemical values. Both at- 
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tempt to legislate an economic system. Capitalists and 
communists alike are ignorant that chemical forces are 
accumulating that are perfectly capable of making 
them both as obsolete as the hunters and the herdsmen 
who vied for supremacy in the days of primitive eco- 
nomic society, as outmoded as the feudal lords and the 
medieval guildsmen who were both literally blasted 
out of history by gunpowder, a chemical discovery. 

But chemists ought to know these facts and should 
be able to draw from them logical conclusions; what a 
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responsibility and what an opportunity. Pass on to 
your students, I beg of you, a vision of the chemical 
future before us all. 
Notes 

The 228th meeting of the N.E.A.C.T. will be a com- 
bined meeting of chemistry, biology, and physics teach- 
ers in conjunction with the New England Association of 
Colleges and Secondary Schools. The meeting will be 
held on December 9, 1944, at the Brookline High 
School, Brookline, Massachusetts. 


RECENT BOOKS 


How To SOLVE PROBLEMS IN PHYSICAL CHEMISTRY. Joseph A. 
Babor, Associate Professor of Chemistry, The College of the 
City of New York, and Garrett W. Thiessen, Associate Professor 
of Chemistry, Monmouth College. Thomas Y. Crowell 
Company, New York, 1944. x + 215 pp. 14 X 21.3 cm. 
$1.25. Paper cover. 

The purpose of this book is to give the student of physical 
chemistry the extra training in problem solving that is required 
by most and for which time is commonly lacking. Most phases 
of the usual course in the subject are covered—gases, liquids, 
solids, physical properties, solutions, electrolytes, colloids, ther- 
mochemistry, homogeneous and heterogeneous equilibrium, 
kinetics, thermodynamics, and electrochemistry. 

The dimensional approach is stressed. This should be very 
helpful. Nearly every type of problem is illustrated by at least 
one example, worked out in great detail, with reasons given for 
each step. A reasonable selection of problems, to be worked 
by the student, is attached to each chapter. Answers are fur- 
nished. References are confined to four of the more commonly 
used texts. There are 10 tables of useful data, the most im- 
portant of which are four-place logs and antilogs, atomic weights, 
commonly used derivatives and integrals, and important con- 
stants and units. 

The only error noted is on page 192. The calculation of 
transference numbers should be based on solvent weights and 
not solution weights. Practically this is not serious, but its 
implication should be pointed out. It seems the following might 
have been included with profit: how to handle the van der Waals 
equation when quantities are not molal; how to correct for the 
volume occupied by the vapor in the dynamic method for meas- 
uring vapor pressure; and the graphic method for calculating 
dipole moments. The chapter on electrochemistry, especially 
as it relates to electromotive force, is quite skimpy, there being 
no discussion of the Gibbs-Helmholtz equation, of concentration 
cells, liquid junctions, standard potentials and activity, etc. 

However, aside from this small section, the book is very well 
done indeed. Teachers of physical chemistry will do well to 
consider its use as a supplement to their basic courses. 

Matcoutm M. HARING 


UNIVERSITY OF MARYLAND 
CoLLeEGE PARK, MARYLAND 


ENzYME TECHNOLOGY. Henry Tauber. John Wiley and Sons, 
Inc., New York, 1943. vii + 275 pp. 46 figs. 46 tables. 
15 X 22cm. $3.50. 

This interesting book is almost free from typographical errors. 
On page 124 ‘‘Youngburg”’ is misspelled and on page 195 “‘peptic”’ 
has been written when “pectic” is meant. The book might be 
improved if it contained a glossary of such terms as: Polenske 
numbers, combined wheat, mash bill, sparger, Vegefat, and 
krausen stage. If d-lactic acid on page 116 were written d(-) 
lactic acid one could be sure what was meant. When Tauber says 


on page 52 that the yield of alcohol is 90 per cent one must assume 
that he means 90 per cent of the theoretical. On page 9 he states 
that yeast is a complete protein. Of course we understand that 
he means yeast contains all of the essential amino acids for nutri- 
tion of the rat. When he says that the amount of invertase in the 
barley plant greatly exceeds the sucrose present we understand 
that only traces of sucrose occur, while invertase activity is con- 


_ siderable. 


On page 145 Tauber says that when animals are given nonlethal 
doses of urease they acquire a tolerance, citing his own work as 
evidence. He might better have stated that rabbits can be made 
immune to urease, as shown by the really important work of Kirk 
and Sumner. Again, on page 186 he mentions the method of 
Tauber and Kleiner for preparing highly active rennin, but makes 
no mention of the preparation of crystalline rennin by Hankinson. 
On page 220 Tauber says that R. J. Sumner found that carotene 
is destroyed by a hypothetical fat oxidation product produced by 
lipoxidase. This was discovered by Sumner and Sumner two 
years earlier. 

The book plainly shows that Tauber has done a vast amount of 
reading and that he possesses an up-to-date knowledge of enzyme 
technology. The book is valuable and fills a real need. I recom- 
mend ‘‘Enzyme Technology”’ to every chemist and to everyone 
connected with foods and nutrition. 

JAMES B. SUMNER 


CORNELL UNIVERSITY 
IrHaca, NEw YorRK 


LABORATORY EXPERIMENTS IN BIOLOGICAL CHEMISTRY. James 
B. Sumner and G. Fred Somers, Professor and Instructor, re- 
spectively, of Biochemistry, Cornell University. Academic 
Press, Inc., New York, 1944. vi + 169 pp. 17 figs. 8 
tables. 14.5 X 22cm. $2.60. 

This little manual gave your reviewer the same kind of thrills 
that he used to derive long ago from a big volume entitled, ‘‘The 
Boy Mechanic’: namely, “‘I’d like to try to make that... 
preparation, demonstrate this, and see what my class could do 
with those techniques.’’ The variety of experiments described is 
truly fascinating. The directions have been written as a result 
of long experience with the way in which students go about their 
laboratory work in biochemistry, as well as with the way in which 
best results can be obtained. Therefore the volume begins with 
14 pages of most telling and specific ‘‘General Instructions.”’ 
These cover the arrangement of reagents in the laboratory, use of 
notebooks, safety rules, qualitative and quantitative techniques, 
and the care and cleaning of simple as well as complex equipment. 
The authors do their utmost to make sure that the student really 
absorbs this information by frequent references back to it. 

As stated in its preface, the manual outlines a very general 
course in laboratory biochemistry in order to provide fundamental 
training to students in any field of study. The experiments range 
all the way from the simplest qualitative tests to the most exact- 
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ing quantitative determinations, and extend to long, strenuous 
purifications and preparations of vegetable pigments and special- 
ized proteins. The senior author’s field of achievement is well 
represented by numerous enzyme and chromoprotein preparations. 
The apparatus required for this work is not as complex as might be 
feared in times when economy and scarcity are laboratory penates. 

The thoroughness and modernity of this manual are exemplified 
by the expositions on photoelectric colorimeters, and on the po- 
tentiometric determination of pH, as well as the usual ones on the 
polariscope and Duboscq colorimeter. Emphasis is placed on types 
of such apparatus which are teachably constructed so that a 
student can see how they work without taking them all apart. 
Most of the procedures are completely described, and many also 
give references to the literature. A few methods are merely sum- 
marized along with cited references, to encourage the use of 
original sources of information in the library. Schemes for the 
treatment of unknowns cover fats, carbohydrates, urine, dis- 
solved and solid proteins, and enzymes. Instead of placing reci- 
pes for reagents in small type as footnotes or in a distant ap- 
pendix, the authors have arranged these directions right along in 
the text in regular type. 

Complete as it is with a list of equipment needed in each desk, 
and with an index, this book surprisingly lacks any tabular esti- 
mate of the variety and amounts of chemicals required. Such 
tables are found in some manuals, and are a great help in course- 
planning. The instructor who uses this manual is due for some 
extensive page-turning and estimating, as he selects his experi- 
ments and makes out his order for chemicals. The authors intend 
that in a year course Part I of the book will be completed during 
the first term of 32 laboratory periods of two and one-third hours 
each. Part II has more material, including the longer enzyme 
preparations, so that selections by the teacher, and election of 
alternatives by the students must be made. 

On page 22 in the ‘‘Determination of the Iodine Number of a 
Fat,” the directions for running the blank are unclear, giving the 
impression that water is to be used instead of Hanus solution. 
Then in the example of calculations reference is made to the Hanus 
solution in this same blank. Elsewhere errors seem to be negligi- 
ble. The type is clear and well set, and the figures are excellently 
reproduced. The binding is sturdy, and yet the pages readily lie 
flat. 

Davip LyMAN DAVIDSON 


MipDLESEX UNIVERSITY 
WALTHAM, MASSACHUSETTS 


A MANUAL FOR EXPLOSIVES LABORATORIES. Volumes I and II 
by G. D. Clift and B. T. Fedoroff. Vol. III by G. D. Clift, B. 
T. Federoff,and D.G. Young. Lefax Society, Inc., Philadelphia. 
Each volume loose leaf, 9.6 X 17.0cm. Vol. I, 4th ed., 1948, 
xii + 224 pp. Illustrated. Price, separately, $2.00. Vol. 
II, ExPLosSIVE COMPOUNDS AND ALLIED SUBSTANCES, A DE- 
SCRIPTIVE List, 1943, iv + 266 pages. Price, separately, $2.25. 
Vol. III, Comprising Supplements Number One and Two, 
1944, ii + 236 pages. Illustrated. Price, separately, $2.00. 
Price, all three volumes, $5.75. 

These three volumes contain in a compact package an amazing 
amount of information, some of it background or liberalizing 
information for improving the chemist’s grasp of the field of 
explosives, most of it information which is absolutely essential 
to the worker in the chemical laboratory of an explosives plant— 
information on physical and chemical properties, on sources and 
methods of preparation, on impurities likely to be present, on 
their detection, on details of analytical procedures, and so forth- 
information which is necessary to the explosives plant chemist, 
whether he be new to the work, freshly set down among explo- 
sives and busy at once upon their analysis, or whether he be an 
old hand in need of a compendium of numerical and precise in- 
formation for ready reference. The fact that Volume I, first pub- 
lished in 1942, is now in its fourth edition indicates that the 
explosives chemists of the country have felt the need of it. It is 
strictly a chemist’s manual, and does not describe the physical 
testing of explosives. 
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Volume I, in 18 chapters paginated separately, deals with the 
analysis of the common military explosives (as well as of dyna- 
mite), of the raw materials from which they are prepared, and of 
the intermediates in their manufacture, acids, nitrations, toluene 
and its nitro derivatives, nitroglycerin, nitrocellulose and smoke- 
less powder, amatol, picric acid, nitrostarch, tetryl, black pow- 
der, primers, fulminate and azide, and a short bibliography. 

Volume II is a dictionary, the entries under each letter gener- 
ally paginated separately, of the less common explosives, of sub- 
stances related to explosives or of use in the explosives art, the 
entries often accompanied by literature and patent references 
and by summaries or abstracts. The broad scope of the dic- 
tionary may be illustrated by the fact that we find the Centralites 
described under C, their properties, methods of analysis, etc., 
the Cheddites, Chlorates and Chlorate Explosives, Chromates, 
Collodion, Colloiding Agents, Cordite, and Cyclonite, as well 
as many other materials concerning which questions are likely 
to arise in laboratory discussions. The dictionary is followed 
by a list of definitions and a table of physical constants of com- 
pounds used in the explosives industry, by a table of weights and 
measures, and by a further bibliography. 

Volume III contains supplements to several of the chapters of 
the above-described Volume I, two new chapters, XIX which 
deals with fuel oil, coal, and boiler water, etc., with the chemical 
control work which is necessary in connection with the operation 
of the power house, and XX which deals with the toxicity of 
explosives and with sanitary tests. Further references are 
given, additional abstracts of recent publications on explosives, 
a list of additional items to be included in the dictionary of 
Volume II, a list of errata, and an excellent index. 

Clift, Fedoroff, and Young have produced a work which is 
really a manual, something for the explosives chemist to have 
always under his hand, something for him to handle, and use, and, 
perhaps wear shabby by handling. 

TENNEY L. Davis 

NORWELL, MASSACHUSETTS 


OrGANIC CHemistry. Louis F. Fieser and Mary Fieser. D.C. 
Heath and Company, Boston, 1944. xii + 1091 pp. 4 figs. 
Tables. Charts. 15.5 X 23.5cm. Trade Edition. $8.00. 
“Of making many books there is noend.’’ Sosaid the preacher 

long ago and when good books come along we are happy that it is 

so. ‘‘Time marches on,’’ and ‘‘He who does not go forward goes 
backward.” 

Dr. and Mrs. Fieser have given us a wonderful opportunity in 
this ‘‘Organic Chemistry”’ to gain new knowledge of the subject 
and its meaning and to rejuvenate our old knowledge. This 
hefty volume with its 1091 pages is full of much excellent infor- 
mation for both the younger and the older student of the subject. 
The text is very readable. It reads along in such a manner that 
the subject seems to unfold easily before your eyes instead of 
poking itself up in lumps and bumps as it seems to do in some 
books. 

In the early parts of the book the subject is explained in some 
detail and the tempo is increased as the book progresses and ‘‘ma- 
terial of a more and more advanced nature’”’ is presented “‘as the 
reader gains in experience and background. Thus the empirical 
correlation of phenomena prevalent in the early chapters gradu- 
ally gives place to interpretations in terms of modern theory.”’ 
So state the authors and their plan is carried out admirably. 

Quoting further from the preface, ‘‘The most novel feature of 
the book is the inclusion of a number of chapters for optional 
reading dealing with significant applications of organic chemistry 
to technology and to the biological and medical sciences.’’ These 
essay chapters are interspersed throughout the book. Most of 
them were written by Mary Fieser and cover subjects such as 
Petroleum, Rubber, Microbiological Processes, Role of Carbo- 
hydrates in Biological Processes, Metabolism of Fats, Proteins 
and Amino Acids, Synthetic Fibers, Plastics and Resins, and so 
on. They are worth réading just by themselves. 

There seems to be little if any difference in the style of each of 
the authors. Other points worth noting follow. The structural 
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formulas are all that an organic chemist could desire. The yield 
is frequently given in the reactions outlined. The too few dia- 
grams of apparatus are well done. Thought-provoking ques- 
tions and reading references are given at the end of each chapter. 
Cross referencing is good. Quotations from the literature and 
the nationality of authors are given frequently. Interesting 
historical notes, explanations of the derivations of chemical 
names, the names of authors of important reactions together 
with the year, the addition of commercial names and processes, 
are advantageously mentioned. There are a great many useful 
tables of compounds with their structures and physical constants, 
and there is a very good index. 

In a book of this type one might look for a feature not usually 
found, if at all, in any textbook, and that is how to pronounce 
chemical names. It is hoped the authors will consider such an 
opportunity in later editions. 

It is interesting to note that the authors in some cases follow 
the older method of the Geneva system of nomenclature by using 
terms like butene-2 and butanol-2 instead of following the later 
American Chemical Society procedure, 2-butene and 2-butanol. 

The only typographical error found in rather extensive reading 
of this excellent and authoritative book is the spelling of ethyli- 
dine for ethylidene (p. 80)! 

Harry L. FISHER 


U. S. INDUSTRIAL CHEMICALS, INc. 
STAMFORD, CONNECTICUT 


PLastic Horizons (Science for War and Peace Series}. H. B. 
Weil and Victor J. Anhorn, Gulf Research and Development 
Company, Pittsburgh, Pennsylvania. The Jaques Cattell 
Press, Lancaster, Pennsylvania, 1944. 161 pp. 16 figs. 
13.5 X 19 cin. $2.50. 

The emergence of plastics into the realm of everyday life has 
necessitated the publishing of a book that would bring plastics 
out of the status of magic and mystery and put them into the 
class of realism. ‘‘Plastic Horizons’’ fills this long-felt need for a 
comprehensive, yet general book, sufficiently nontechnical for 
the general public, but detailed enough to be informative. 

From house numbers to kitchen sinks, our homes of the future 
may be plastic dwellings. ‘‘Expandable water pipes which do 
not burst when water freezes in them, window screens which can 
be mounted and rolled like window shades, and coated wall paper 
which can be cleaned with a damp cloth, are some of the in- 
triguing possibilities offered to tomorrow’s America. 

The authors do not predict a wholesale and immediate conver- 
sion to plastics, but a gradual utilization and substitution of plas- 
tics where their superiority has been scientifically established. 
Conclusive evidence is being demanded by both the plastic manu- 
facturers and the consuming public before heretofore readily ac- 
cepted articles are discarded for the relative newcomer, plastics. 

The subject matter in ‘‘Plastic Horizons”’ is divided into five 
sections; the first chapter is an interesting, well-balanced, techni- 
cal and semitechnical discussion entitled ‘‘What Are Plastics?’ 
Interwoven around a slight historical introduction and chemical 
discussion is a well-written chapter on the types of plastics. In- 
cluded are the early plastics, bakelite, and phenolic resins, the 
newer plastics such as the vinyl resins, polystyrene, saran, 
acrylic resins, and many others. The chapter is augmented with 
diagrams illustrating compression molding, injection molding, 
extrusion, and lamination. 

The second chapter, ‘‘Plastics and Our Modern World,’ dis- 
cusses the astonishing increase in plastic and resin production 
during the period from 1927 to 1941. Figures that would bring 
the production record up to date come under the category of 
military secrets. We can imagine, however, that these figures 
would be phenomenal, for the growth during the ‘‘test tube” era 
of peace was staggering, while under the ‘‘pilot plant”’ era of war 
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it would be astronomical. The raw products used in plastic manu- 
facture, among them wood and cotton, can largely be grown in 
our forests and on our farms. The science of ‘‘chemurgy’’ where 
the farmer works hand in hand with the manufacturer is made 
possible by plastic manufacturers. 

Current interest in plastics is well brought out in Chapter 3, 
“Plastics In A World At War.”’ Uses of plastics in ordnance, 
sea, and air are some of the timely subjects mentioned. A fine 
chart pointing out the plastic parts on airplanes clearly indicates 
the role of plastics in the Air Corps. Corsage boxes have given 
way to windshields of trainer planes, shower curtains to cable 
coating, and radio cabinets to bomber doors and even entire plane 
bodies. The importance of plastics in warfare is clearly indica- 
tive of American ingenuity and scientific leadership. This sec- 
tion is well worth reading if only to find the tremendous part plas- 
tics is taking in defeating the Axis. 

A text on plastics wouldn’t be complete without a discussion of 
synthetic rubber. In a brief manner, the authors present in 
Chapter 4, ‘‘Synthetic Fibers and Synthetic Rubbers,” the prog- 
ress in the synthesis of rubber, familiarizing the reader with the 
highlights of one of war industry’s biggest projects. 

It has been said, ‘‘When the minute man returns to his plow, it 
will have plastic handles!’ The fifth and last chapter ‘‘Plastics 
arid the Future,” allows one’s imagination to envision a dream 
home; I should say, a transparent dream home, with every mod- 
ern convenience from a sewing machine that will ‘‘spot weld” 
plastics, to a transparent chest full of nylon shirts for men. 
These are only a few of hundreds of plastic innovations that will 
appear in the postwar tomorrow. 

A valuable appendix lists the names, chemical types, and manu- 
facturers of familiar plastics and related materials. 

DaN RIVKIN 


SOUTHWESTERN INSTITUTE OF TECHNOLOGY 
WEATHERFORD, OKLAHOMA 


A SHORTER History oF Science. Sir William Cecil Dampier 
(formerly Whetham), Fellow and sometime Senior Tutor of 
Trinity College, Cambridge, Fellow of Winchester College. 
The Macmillan Company, New York, 1944. x + 189 pages. 
14 figs. Qplates. 12.5 18.5cm. $2.00. 

The purpose of this book according to the author’s preface is 
“firstly, to help the general reader, who wishes to know how 
science, which now affects his life so profoundly, reached its 
present predominance, and secondly, to meet the needs of 
schools. Those older schoolboys whose chief subjects are scien- 
tific should look at them also from a humanist standpoint, and re- 
alize their setting in other modes of thought, while those studying 
literature need some knowledge of science before they can be 
said to be well educated.”’ In spite of its inaccuracies and 
inadequacies the book will fulfill these two purposes. It will give 
to the older schoolboys and to students of literature a taste of 
those interesting and tremendously important things of which 
a narrow specialization would be likely to deprive them. Its 
value will have been achieved if it is used as a first book in the 
subject, an introduction to more extensive reading by which gaps 
are filled in and misunderstandings are corrected. 

The book suffers from the necessity of being brief. It fails to 
mention many of the facts and. factors which ought to be in- 
cluded in the barest outline of a history of chemistry. Conclu- 
sions are set down in too summary a fashion, and interpretations 
are couched in language which sometimes misleads. But the 
small book is interesting to read and contains many revelations 
for the student who has specialized narrowly either in literature 
or in science. 

TENNEY L. Davis 


NORWELL, MASSACHUSETTS 


Answer to the question on page 556: Sugar. 
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Editors 


UST when you think that your troubles are about 

over—they become worse! We have it on good 
authority that Selective Service is planning to step up 
its monthly quotas after victory in Europe. This is 
said to be the result of two principal considerations: 
first. a strong public feeling that older veterans who 
have had a long and arduous service in the field should 
be brought home and replaced by fresh and younger 
troops; and second, the growing movement for uni- 
versal military service. 

It is said that the age of acceptance will be reduced 
to 26 or less and that boys of 18 to 22 will probably be 
kept in service until the complete cessation of hostili- 
ties. 

It is also expected that deferments in the lower ages 
will be even less frequent than they are now. The 
present basis for such deferments is the “‘essentiality”’ 
of the worker and his occupation. Since this is meas- 
ured largely in terms of the needs of the war in Europe, 
its basis will disappear when this phase of the war is 
over. : 

All this seems to mean less and less prospect for the 
technical training of young men. If it results in a 
continuance or extension of the present policy of no new 
supply of young scientists—as is quite possible—the 
effect upon the future of the country can be disastrous. 

When it became apparent months ago that what 
Congress intended to be a truly Selective Service was 
instead becoming an unselective military draft, many 
voices rose in protest. These protests were vain, how- 
ever, and eventually became silent in the hope that an 
early easing of the military situation might alter the 
policy. Now it appears that it will only make matters 
worse. ae 

We sympathize with the desire to replace the troops 
abroad as quickly as possible; we believe in the prin- 
ciple of universal military service (a belief forced upon 
us by the disillusionment of the present war); but we 
demand that the original principle of Selective Service 
be recognized and intelligently applied. 

Young men who have the talents for training and 
service in the fields of science and technology, as well as 
medicine and other fields already designated as essen- 
tial to national welfare, must be permitted to fit them- 
selves for such service as soon as possible. It is not a 
question of keeping fathers in the Army while a lot of 
rah-rah boys go to college in luxury; it is a vital matter 
of renewing the normal flow of men trained for the 


Outlook 


scientific research which the country must have for its 
welfare in war and peace. If the above policy is 
allowed to prevail there will be no such normal flow for 
another five years—and the country cannot safely hold 
its breath that long. 

We are in what we hope is the concluding stage of a 
difficult war; in looking forward we are occasionally 
frightened by the realization that we may win the war 
and meet disaster in the peace that follows. We face a 
difficult period of reconstruction, during which we must 
not only put our country back on a firm economic 
foundation but must also provide for a future in which 
such disastrous wars as this shall be unlikely if not im- 
possible. The large part that scientific research and 
development will take in this is well expressed by two 
recent authors,! one a military man and the other an 
industrial leader: 


“Tf there still be people who think the Atlantic and Pacific 
Oceans afford security to the United States, and if they believe 
that lightning war cannot be waged against us, let them realize 
that sufficient scientific knowledge exists right now to develop 
and produce weapons which could completely paralyze this 
country within a few hours. If any nation should devote from 
five to ten years of preparation thus to destroy the United States, 
she could do so—unless adequate controls and counter measures 
are provided... . 

‘‘We wish to spread our belief that the only way for the United 
States to be secure is through intensive scientific research and 
readiness for immediate production. Whether we use the weap- 
ons we develop or merely hold them as a deterrent force in being, 
it is essential for us to develop them in order to devise and develop 
the remedy. ... 

“Tt is not necessary to maintain enormous armed forces for all 
time, but two things are necessary for preparedness; namely, 
scientific knowledge acquired through research, and the ability 
to produce in the required quantities all manner of weapons, 
equipment, and supplies immediately war is threatened... . 

‘‘We believe that war may be prevented through force vested 
in benevolent authority if that force is kept modern through re- 
search and industrial preparedness. If, however, war does come, 
victory will be won by that group of nations which has contrib- 
uted the most to scientific research and its application to mili- 
tary and industrial preparedness.” 


Dependence upon “‘frozen’’ models and tardiness in 
the introduction of new developments and designs led 
to the downfall, first of the French air force, and later 
of the German. Our own air supremacy is largely the 
result of a readiness to provide for the new. 

Our best assurance of preparedness, for both war and 
peace, is in our scientific personnel. Let us beware that 


1 May. GEN. FOLLETT BRADLEY AND R. E. GIL_Mor, ‘‘Re- 
search for security,” Aviation, 43, 114 (October, 1944.) 
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it does not become “‘frozen.”’ Doesn’t someone see that 
this is actually a matter of military expediency? The 
country has as great need for the young men who can be 
trained for this purpose in the next five years as it has 
for the new military munitions which will be designed 
during the same time. Make no mistake about the 
years from 18 to 22 being important in this training. 
But the few thousand who are involved are only 1 or 2 
per cent of the total number in this age range. 

Our democratic background seems to demand that 
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everyone must be given equal treatment in whatever is 
under consideration. But people are not all equal and 
if we build up a system which refuses to use the abilities 
which people have we will sooner or later be overrun 
by some nation which has more foresight. We cannot 
afford such waste of talents, for example, as the recent 
case of the 18-year-old inventor of one of the most prom- 
ising types of helicopter, who was drafted by the Army 
while the Navy clamored for the rights to his invention 
and for his services in developing it. 


Whats Been Going On 


Jellied Gasoline 


F YOU didn’t know better you might think America’s new 

munition was raspberry jelly. It looks and feels like it. But 
it smells unmistakably like gasoline, and Japs and Nazis have 
found it deadly. 

The munition is jellied gasoline, called ‘‘gel gas,’’ and is made 
by stirring a secret white powder into ordinary motor fuel. 

The jellied gasoline and the two weapons utilizing it, a new oil 
bomb and a greatly improved flamethrower, were developed by 
the Standard Oil Development Company, working under orders 
from the War Department and in collaboration with other con- 
tractors of the National Defense Research Committee. 

Preliminary reports indicate that the oil incendiary is likely to 
prove a potent weapon for knocking out enemy industrial centers 
manufacturing the material used against our fighting men. The 
improved flamethrower is demonstrating its ability to help reduce 
Allied losses by neutralizing heavily reinforced enemy installa- 
tions which yield to no other form of attack. 

Experiments at the Massachusetts Institute of Technology and 
Bayway demonstrated that the destructive power of an incendi- 
ary fuel is greatly enhanced by a relatively moderate burning rate 
and adhesiveness to the target. Highly volatile liquids, of which 
gasoline is one, spent their heat before slowly igniting substances, 
such as wood, could catch fire. A fuel was needed which, in quan- 
tities of a few pounds, would maintain an intense flame over a pe- 
riod of several minutes, and would fasten onto the target. 

By July, 1942, extensive improvements had been made in 
thickener and bomb casing, and more than 5000 bombs had been 
produced and tested and the bomb had been developed to the 
point where it was ready for trial from the air. The Army Air 
Forces staged realistic attacks on a group of abandoned Indiana 
structures, both with magnesium bombs and the new gel gas in- 
cendiary. Less than a year after the Development company 
undertook this assignment, quantity production of the thick- 
ened-gasoline bomb was initiated by the Chemical Warfare Serv- 
ice. 

In appearance the new oil bomb resembles a short piece of 
hexagonal rainpipe. It is unique among incendiaries in its ejec- 
tion feature. After the bomb strikes, the charge of jellied gaso- 
line, encased in a cheesecloth sack, is hurled out of the tail for a 
distance ranging up to 100 feet. Such a bomb, resting in an aisle 
of an enemy factory, has an excellent chance of sending its flam- 
ing core into inflammable material. In contrast, the German 
incendiary bomb ordinarily can cause damage only if it falls di- 
rectly on combustibles. 

In the early stages of the work on the incendiary bomb, the 
Chemical Warfare Service gave the Standard Oil Development 
Company the additional assignment of working out improvments 


to its flamethrower—and in double-quick time. Flamethrowers 
of all nations, both Allied and Axis, at that time still had basi- 
cally the same limitations as those used in World War I. Their 
range was so restricted that soldiers had to approach within 50 
feet of their targets to use them; approximately 90 per cent of 
their fuel burned en route to the targets; and they created a 
big billow of flame which a sudden gust of wind might blow back 
upon the flamethrower-carrier. It was satisfactory for some uses, 
such as blow-torching away foliage; but there was an urgent need, 
especially in the South Pacific jungle area, for a weapon free of 
some of the existing limitations. 

It occurred to Esso technicians that the gel gas made for the 
bomb might be the answer for the flamethrower, too: it would be 
heavy and thick enough to carry longer distances, and not so 
much of it would burn up while traveling through the air to the 
target. 

Next morning, a special group was put to work following up 
this idea. Within three months—by mid-1942—the basic 
problems of fuels and equipment had been solved. American 
soldiers and marines, equipped with the Esso-improved weapon, 
were soon able from distances as great as 150 feet to silence enemy 
strong points which had resisted massive aerial and artillery at- 
tack and were continuing to take a heavy toll of lives. The 
Americans sent two-second spurts of the thickened fuel squarely 
into the gunports of the pillboxes, concrete fortifications, and 
other strong points of the enemy. They found that the thin 
stream of burning, thickened gasoline from the new M1-Al 
flamethrower, in contrast with the cloud of fire from the earlier 
weapon, could be aimed as accurately as a stream of water from 
a garden hose. 

The ‘‘Esso flamethrower” has been described by a leading mag- 
azine as ‘“‘the world’s first weapon capable of firing around a 
corner.’’ Because the M1-A1 projects not just flame, but thick 
fuel, the Americans are able to advance on a fortification from 
the flank, out of range of the opposing guns, and fire the gel gas 
against the inner sides of the gun embrasures. From there it 
caroms like a stream of billiard balls into the interior, immobiliz- 
ing the enemy strong point. ~ 

The jellied-gasoline flamethrower has been.employed effec- 
tively against the Japanese on stepping stones to Tokyo. The 
improved weapon helped clear the Normandy beachhead for 
Allied landings during D-Day invasion. 

That it has even bigger jobs ahead is indicated by the following 
public statement, issued in August by Lieutenant General Bre- 
hon Somervell, commanding general of the Army Service Forces: 
“Owing to the effectiveness of the new portable flamethrower, 
there is a demand for an increase in this weapon requiring five 
times the production in the last half of the year than was achieved 


in the first half.’”’—Reprinted from The Lamp, 26, 5, 26 (1944). 





T. 
1 
table 
was 
volvi 
whic! 
this | 
Th 
reves 
ture, 
potet 
this | 


ACCU 


Th 
the f 
smoo 
shell 
neces 
fusio. 
each 

Fig 
whol 
levels 
data. 

in 
They 
distri 
neutr 
state 
chan; 
form: 

As 
shell 
rougt 
from 
to re 
woul 
the c! 

Di 
differ 
Figur 

Pai 
orbit: 

Sin 
latior 
really 
really 


ON 


r is 
ind 
ties 
run 
not 
ent 
m- 
my 
ion 





A Method of Teaching 


the Electronic Structure of the Atom 
II. Advanced Topics 


DON DEVAULT 


Civilian Public Service Camp No. 135, Germfask, Michigan 


HE preceding paper (1) does not completely bridge 

the gap between its energy level chart of the periodic 
table and the experimental data from which the chart 
was derived. There are also several other topics in- 
volving spectroscopy, x-rays, and chemical binding 
which are interesting to the advanced student and which 
this paper will try to present in suggestive form. 

The work of constructing the energy level diagram 
revealed several minor errors in the spectroscopic litera- 
ture, and also some better values for several ionization 
potentials. These are recorded in the last section of 
this paper. 


ACCURATE ENERGY LEVEL DIAGRAM OF NEUTRAL ATOMS 


The energy level chart of the periodic table given in 
the preceding paper (Figure 3) greatly simplified and 
smoothed out the energy levels, presenting each sub- 
shell as though it had just one energy level. This was 
necessary to show the important trends without con- 
fusion. Actually there are many levels associated with 
each subshell. 

Figure 1, this paper, is an energy level chart of the 
whole periodic table, giving as many of these energy 
levels as possible, plotted from actual experimental 
data. 

In Figure 1 circles are used to represent electrons. 
They are arranged in groups to correspond to the actual 
distribution among subshells found in the atoms in their 
neutral, gaseous, monatomic, normal (most stable) 
state. The configurations and energies would be 
changed somewhat by such influences as compound 
formation or condensation to a solid. 

A group of circles representing the electrons in a sub- 
shell is placed on the chart at a height indicating 
roughly the energy necessary to remove one electron 
from that subshell completely. The energy necessary 
to remove another electron from the same subshell 
would be larger and cannot be conveniently shown on 
the chart. 

Different types of circles are used for electrons in 
different types of orbitals as explained in the legend to 
Figure 1. 

Paired electrons, placed side by side, are in the same 
orbital and spinning in opposite directions. 

Since the energy of the electron depends upon its re- 
lation to all the other electrons in the atom, the energy 
really belongs to the whole atom and the energy levels 
really refer to states of the whole atom rather than to 


supposed states of a single electron. We take the 
“energy of an electron’? to mean the energy change 
which the whole atom undergoes when the electron is 
removed from the atom. 

One should notice that the energy scale in Figure 1 is 
not uniform, but logarithmic. One centimeter of height 
represents much more energy at the bottom than it does 
at the top. 

All levels belonging to the same subshell, or, more 
exactly, all levels corresponding to atomic states in 
which there are the same numbers of electrons in each 
subshell, are tied together into groups on the chart with 
thick vertical bars. 

There are two reasons why the energy of removal can 
have more than one value (giving the multiplicity of 
levels belonging to a single subshell): 

1. The electron configurations shown in Figure | do 
not completely describe the initial states of the atoms. 
They show only the distribution of electrons into sub- 
shells and amount of pairing and unpairing. There re- 
main different possibilities for relative orbital and spin 
orientations among the valence electrons, each of which 
will give the atom somewhat different energy. 

2. There are similar variations possible in the final 
state. 

Thus the energy of removal is the difference in energy 
contents between a choice of initial and a choice of final 


states. It is impossible to plot on one diagram all of 
these choices. The levels chosen for plotting are as 
follows: 


1. The lowest level in the group belonging to the 
highest subshell that normally has any electrons in it 
indicates the energy obtained when the initial state 
before removal is the norma’ state of the neutral atom 
and the final state is the normal state of the ion formed. 
This energy is called the zonization potential. 

2. All levels above the ionization potential (that is, 
the normally empty levels and those in the same group 
as the ionization potential) are based on the normal 
state of the ion. The fine structure comes from the 
different possibilities for the initial state. 

3. All levels below the ionization potential are based 
upon the normal state of the neutral atom. The fine 
structure arises from the different possibilities in the 
final state. 

Several extra rules are necessary to explain details 
in the choice of levels: 

4. To arrive at the normal state of the ion in V, Co, 
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Ni, and La a second electron must be moved to a lower 
subshell as indicated by the arrows. 

5. Whenever an electron is moved from a subshell 
containing both paired and unpaired electrons, it is one 
of the paired electrons that must be moved. 

6. To measure the energies of removal from a sub- 
shell which normally has no electrons in it (the empty 
levels shown at the top of Figure 1) an electron must 
first be moved into it to form the “‘initial state’ and then 
the energy of removal measured. So far as possible the 
initial state was made to conform with the normal state 
of the ion in respect to all the electrons except the ele- 
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vated one. (This means that the arrows must be ob- 
served in V, Co, Ni, and La even in the initial state.) 
Different levels result from different orientations of the 
elevated electron with respect to the other electrons. 
A few cases in which different arrangements of the other 
electrons gave lower energies were included also. 

7. The number of unpaired electrons is never 
changed except as results directly from the removal of 
an electron (or from following the arrows). 

8. The different levels indicated for any other 
occupied subshell result from different orientations in 
the final state within that subshell. 
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QUANTUM NUMBERS 

Some of the quantum numbers related to the shells 
and subshells are placed at the right-hand edge of 
Figure 1. These specify exactly the state of one or 
more electrons in an atom. One might compare 
quantum numbers to a person’s street, city, county, 
and state address. 

The principal quantum number, often abbreviated n, 
indicates the shell. It is the 1, 2, 3, etc., in the labels 
“Is,” “2p,” “3s,” ete., which we have already used ex- 
tensively. The principal quantum number of an elec- 
tron in the K shell is 1, in the LZ shell 2, etc. 
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The orbital quantum number abbreviated /, indicates 
subshell. It is 0 for all s orbitals, 1 for all orbitals, 2 
for all d orbitals, 3 for f orbitals, 4 for g, andsoon. A 
glance at Figure 1 of the preceding paper shows that the 
difference between the value of / and the value of for a 
given orbital is equal to the number of maxima of cloud 
density that can be found along any radius centering 
at the nucleus. Obviously, therefore, it is not possible 
for an electron to have an orbital quantum number as 
large as its principal quantum number. This limits 
the number of subshells that a shell can contain. 

The orbital quantum number shows, through a simple 
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formula,' the amount of orbital angular momentum 
that the electron has. The angular momentum of an 
electron is a measure of its revolution about some axis. 
An electron in an atomic orbital can do a certain amount 
of revolving about an axis through the nucleus. Thus 
electrons in s orbitals are considered to oscillate through 
the nucleus, those in p orbitals to revolve closely about 
the nucleus, and in d orbitals to revolve more widely 
about it. 

A given subshell may be divided into its orbitals in 
different ways for different circumstances, but always 
with the same total number of orbitals resulting. The 
preceding paper used the division shown in Figure 1, 
where the different orbitals are distinguished by the 
letter subscripts, x, y, 2, etc. If we are studying effects 
in a magnetic field the orbitals arrange themselves so 
that it becomes convenient to describe them by the 
orbital magnetic quantum number, m, which shows 
how much of the orbital angular momentum is around 
an axis in the direction of the magnetic field. Thus a 
value of 0 would mean an orientation of the axis of 
rotation at right angles to the magnetic field. Natu- 
rally, m, cannot be larger than / but it may have any 
absolute value equal to or smaller than / including zero, 
and it may be either + or —. Thus the total possible 
number of orbitals in a subshell comes out 2/ + 1. 

Comparable to m, in its usage is the spin magnetic 
quantum number m, which indicates the orientation of 
an electron’s spin with respect to a magnetic field. Its 
value is always either +'/, or —!/o. 

We may restate the exclusion principle of Pauli by 
saying that no two electrons in an atom can have the 
same values for all four quantum numbers, 1, /, mm, and 
m,. If two electrons are in the same orbital they have 
the same values for 1, /, and m,, but must have opposite 
values for m,. 


The quantum number s is always '/2 and indicates that the 
electron always has spin angular momentum, as though spinning 


like a top on its own axis, to the extent of V1/2(1/s + 1) ofa 
natural quantum mechanical unit of angular momentum. 

The quantum number j indicates the total angular momentum 
of an electron resulting from a combination of its orbital and its 
spin angular momentum. 

The quantum number L is used to indicate the resultant 
orbital angular momentum of all the electrons in an atom. All 
orbital angular momentum is canceled out in all filled subshells. 
Thus only incompletely filled subshells need be considered in 
determining L. 

The quantum number S indicates the resulting spin angular 
momentum of all the electrons in an atom. It is equal to half the 
number of unpaired electrons. 

The quantum number J indicates the total angular momentum 
of all the electrons in the atom. It may be regarded as the re- 
sultant of Z and S, or as the resultant of all the 7’s of all the indi- 
vidual electrons—whichever type of description best fits the atom 
under consideration. The former type is used more in lighter 
atoms, the latter in the heavier atoms. 


SPECTROSCOPY 


That electrons have wave properties was brought out 
in the preceding paper. 


1 The amount of orbital angular momentum is equal to 
VJ/i(1 + 1) natural fundamental units of angular momentum. 


Quantum mechanics com- 
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pletes an analogy between matter and radiant energy 
by observing that light has the properties of particles. 
A particle or quantum of light is called a photon. 

The energy of a photon depends upon its wave length 
according to the formula: (Wave length in Angstréms) 
= 12,3407 energy in electron-voits» ‘Table 1 shows the relations 
between color and energy of photons in the visible 
region. 

TABLE 1 
CoLor oF LIGHT 


Color 
Infrared (invisible) 


Energy of Photon 
(Electron-volts) 


Wave Length 
(Angstréms) 


>7000 <1.76 
7000-6470 Red 1.76-1.88 
6470-5850 Orange 1.88-2.11 
5850-5750 Yellow 2.11-2.15 
5750-4910 Green 2.15-2.52 
4910-4240 Blue 2.52-2.91 
° 4240-4000 Violet 2.91-3.09 

<4000 Ultraviolet (invisible) >3.09 


Atoms absorb or emit energy when they change from 
one electronic state to another. The energy for raising 
the electron from a lower to a higher state commonly 
comes from several sources: (1) absorption of a photon 
having exactly the correct amount of energy; (2) vio- 
lent collisions with other atoms, as in flames, etc.; (3) 
impact with electrons as in an electric arc. When the 
electron jumps down from a higher to a lower level it 
ordinarily loses the energy by emission of a photon, al- 
though sometimes it transfers its energy to another 
atom upon colliding with it. 

Since the levels plotted in Figure 1 above the ioniza- 
tion potential are all measured from the normal state of 
the ion, differences between their values are exactly 
equal to the energy losses or gains accompanying transi- 
tions between the corresponding neutral atomic states. 
The transitions consist of the jumping from one level to 
another of an electron taken from the uppermost group. 
The wave length of the photon emitted or absorbed can 
be calculated by obtaining the energies of initial and 
final states from Figure 1, and subtracting. 

It should be noted that the atom does not always 
find it possible to make transitions between states. 
There are rules governing the probabilities of transitions 
between different types of levels, but they are properly 
left to more advanced discussions. 


Suggested Study Questions: It was stated in the preceding paper 
that the orange-yellow light from a sodium lamp or flame comes 
from having its valence electron jump down from the 3 level to 
the 3s level. Can you check the color from the energies given 
in Figure 1? 

What will be the colors of the spectral lines emitted by hydro- 
gen atoms? 

Make a rule which sums up what you can learn from Figure 1 
about the tendency of the electrons in a given subshell to pair or 
unpair. 


X-RAYS 


X-rays are photons of very high energy. In an x-ray 
tube a target is bombarded by a beam of high-speed 
electrons. The electrons are accelerated by making 
the target positive to attract them and the electron 
source negative to repel them. If the voltage applied 
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between target and electron source were 10,000 volts, 
for example, then each electron in the beam would have 
10,000 electron-volts of energy when it hit the target. 
With this much energy the electrons on hitting the tar- 
get could knock other electrons out. Thus, if the tar- 
get were made of copper, these electrons could knock 
electrons out of the K shell of copper atoms, since, as 
Figure 1 shows, only about 9200 electron-volts are 
necessary. 

The copper atom in our example is then left with a 
vacancy in its K shell. This will soon be filled when 
an electron from an upper shell, for example, the L, 
jumps down into it. The electron jumping down loses 
energy, the amount of which can be seen from Figure 1, 
simply by taking the difference between the energies 
of the two levels. Thus, if the electron should drop 
from one of the two 2 levels, situated at about 1000 
electron-volts, the energy loss will amount to 8200 
electron-volts.” 

There are two common methods by which the jump- 
ing electron may get rid of the energy. The commonest 
is for another electron from the same shell to be thrown 
out of the atom. Such electrons are called Auger elec- 
trons. An electron from a 2p level in copper carrying 
off 8000 electron-volts would use about 1000 electron- 
volts getting out of the atom and would have the rest in 
the form of energy of motion after it got out. This 
process then leaves two vacancies in the Z shell which in 
turn are filled by more electrons from above. 

The second method of losing the energy is by x-ray 
emission. In our present example an x-ray of 8200 
electron-volts’ energy would result. The chances that 
x-rays will be emitted seem to be better when higher 
energies are involved, and the chances for Auger elec- 
tron emission are better for lower energies (2). 

X-rays emitted by electrons jumping from any higher 
level into the K shell are called K x-rays. Jumps from 
any higher level into an L shell give L x-rays, and so on. 

Examination of Figure 1 will show that the energies 
of K x-rays get larger as atomic number increases. So 
also with L x-rays and the others. 

Moseley first noticed, before all the above theory was 
worked out, that the wave lengths of the K x-rays de- 
creased steadily and regularly from one element to the 
next when the elements were arranged in the order of 
the periodic table. This gave the first exact experi- 
mental way of assigning atomic numbers to the ele- 
ments. As chemists know well, the older method of 
arranging in order of atomic weights is not completely 
reliable. 

Suggested Study Questions: Could an x-ray tube using 10,000 
volts knock electrons out of the K shell of the atoms in a tungsten 
(W) target? If not, could tungsten K x-rays ever be observed 
coming from this x-ray tube? Would the bombarding electrons 
have enough energy to excite tungsten M x-rays? 





2 One can see the validity of this sort of calculation by noting 
that the two processes, removal of electron from K shell and 
jump of electron from L shell to K shell, are equivalent to the 
one process, removal of an electron from LZ shell. Therefore, 
the energy used up in the first less that given out, in the second 
must equal that used up in the third. 
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Calculate from measurements on Figure 1 the energies of the 
K x-rays from Ca, Cu, Ba, W, Hg, and U. (Use consistently the 
L to K jump, or the M to K, etc.) Make a graph plotting the 
square roots of these energies vertically and their atomic numbers 
horizontally, as did Moseley. Moseley concluded that the points 
lay practically on a straight line. Do you? Could you predict 
from your plot what the energies of the K x-rays from element 
93 should be? 


COVALENT BOND FORMATION 


The previous paper mentioned that a covalent bond 
is formed by a pair of electrons shared between two 
atoms. To calculate the characteristics of the bonds 
by quantum mechanics involves determining the shape 
of an orbital around two nuc*™, as well as in the presence 
of many other electrons. This is too complicated to 
do accurately. 

However, much has been gained by considering the 
pair of bonding electrons as occupying two ordinary 
atomic orbitals, one from each atom. The strength of 
the bond can be predicted roughly by considering the 
extent to which the two orbitals are able to overlap 
each other. By calculating the angles between the 
atomic orbitals available in an atom for bond formation, 
one can predict the angles between the different bonds 
formed by that atom with other atoms. In some cases 
of transition group elements it has also been possible 
to predict the paramagnetism of the resulting com- 
pound. 

A simple example of bonds with p orbitals is that of 
water. The normal neutral oxygen atom has two un- 
paired electrons and no completely empty orbitals in 
the valence shell. These two electrons pair with the 
two electrons from the two hydrogen atoms, forming an 
electron pair bond to each. Each bond utilizes a 2p 
orbital of the oxygen atom and a Is orbital of a hydro- 
gen atom. Figure 1 of the preceding paper and the 
accompanying text explained that the p orbitals in one 
subshell are at right angles to each other. We expect 
then that the angles formed by the three atoms, with 
the oxygen atom at the vertex, will be 90°. It has 
actually been measured to be about 105°. The differ- 
ence can easily be explained by noting that the electro- 
negativity of the oxygen atom will tend to draw the 
electrons away from the hydrogen atoms enough so that 
the nuclear charges of the hydrogen atoms are not too 
well shielded and they will repel each other, enlarging 
the angle. In the compound HS the orbital situation 
is the same, but the sulfur atom is larger and less elec- 
tronegative than oxygen and the bond angle is 92°. 


Suggested Study Question: What bond angles would you pre- 
dict for H2Se, NH;, PH;? 


The quantum mechanics allows the subdivision of a 
shell or subshell into orbitals in a number of ways. The 
particular set of orbitals arrived at is related to and 
derivable from any other set. Those shown in Figure 
1 of the preceding paper merely constitute one par- 
ticular case. Those of any other set are called “hybrid 
orbitals.’’ However, the total number of orbitals will 
always be the same in any case. 
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From one s orbital and three p orbitals it is possible 
to derive a related set of four equal orbitals directed 
toward the corners of a regular tetrahedron. These 
“tetrahedral orbitals,’ called sp* orbitals, can form 
four strong bonds, because each has considerable den- 
sity where it is needed to overlap with the bond orbital 
from another atom. The s orbital by itself probably 
does not have as much density at some distance from 
the nucleus as do the p orbitals for the same shell in 
multi-electron atoms. The superior power of the s 
orbital to penetrate into the shield of interior electrons 
causes it to be drawn closer to the nucleus and to be 
made smaller relative to the p orbitals than is shown in 
Figure 1 of the preceding paper. It is for the same 
reason that the s orbital has less energy than the p in 
multi-electron atoms. In carbon the bond-forming 
tendency of the four sp* orbitals is great enough to 
cause one of the s electrons to rise to the ‘‘normally”’ 
empty ~ orbital (see Figure 1), giving four unpaired 
electrons in the four orbitals necessary for constructing 
the ‘‘tetrahedral carbon atom,”’ as it is familiarly known 
in organic chemistry. 

From one s, one ~, and two d orbitals (when they are 
available in the valence shell, of course) it is also pos- 
sible to reconstruct four equal, tetrahedrally arranged 
orbitals. These are usually called d*sp orbitals. 

Four strong bonds directed toward the corners of a 
square can be made from one d orbital, one s and two p. 
These are called dsp? for short. 

Six strong bonds can be formed from two d, one s, 
and three p orbitals. They are directed toward the 
corners of a regular octahedron, that is, four toward the 
corners of a square and two at right angles to the plane 
of the square, one on each side. They are called the 
d’sp*® type bonds. 

A full discussion of these bonds and the rules for 
their formation can be found in Pauling (3). It is 
sufficient to mention that Figure 1 can be used as a 
guide in detetmining what orbitals and how many elec- 
trons are available in the valence shells of atoms and 
ions. 


PARAMAGNETISM 


If in the case of dsp* bonds there are eight nonbonding 
valence electrons in the central atom, or if in the cases 
of d’sp and d*sp* bonds there are six such nonbonding 
valence electrons, then all the nonbonding electrons 
must pair themselves to crowd into the d subshell. If 
there happen to be less than these numbers of nonbond- 
ing electrons, then as many as possible will unpair. 
The presence of unpaired electrons gives the compound 
the property of paramagnetism, a weak attraction for 
magnets which can be measured by delicate instru- 
ments. The number of unpaired electrons calculated 
from such measurements is in satisfactory agreement 
with predictions (3). 


TECHNICAL FACTORS ENTERING THE CONSTRUCTION OF 
FIGURE 1? 


It is seen from the nontechnical explanations given 
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above that Figure | is essentially a Moseley term dia- 
gram with the energy scale changed to logarithmic 
and with optical levels added. The optical levels have 
an arrangement similar to that of a “‘Grotrian diagram” 
except that the logarithmic scale makes it necessary to 
exclude all levels except those converging to the same 
state of the ion. Naturally, the normal state of the 
ion was chosen for the ionization limit. 

From one point of view the optical levels may seem to 
be upside down with respect to the x-ray levels, because 
the energy of transition from the one group to the other 
is not a simple difference on the energy scale. How- 
ever, the pictorial advantage of the arrangement chosen 
is very great for teaching atomic structure. It seems 
sufficient merely to represent at each level the energy 
necessary for the removal of one electron. 

It may be of some interest to spectroscopists that the 
logarithmic plotting of optical levels with neighboring 
atoms side by side has advantages for comparison pur- 
poses over the ordinary Grotrian diagram. This is be- 
cause the higher excited states approach similarity to 
hydrogen-like levels even faster than logarithmically. 
The comparison of the higher levels of neighboring atoms, 
that are neutral or of a common charge state, can be done 
with much greater absolute accuracy than can the lower 
levels, and may be quite as important in some cases as the 
comparison of iso-electronic sequences. Indeed the con- 
struction of Figure 1 made obvious a number of correc- 
tions in the data found in the literature. 

The ionization potentials in Table 2 result from such 
estimations of levels of known heights above normal 
states, the absolute values of the higher levels being 
estimated by comparing them with neighbors on the 
logarithmic plot. The limits indicated are believed to 
represent outside limits of error. 


TABLE 2 


ESTIMATION OF IONIZATION POTENTIALS FROM COMPARISON OF HIGHER 
Excitep LEVELS ON A LOGARITHMICALLY EXAGGERATED SCALE 


Ion. Pot. 
Spectrum Levels Used (Volts) Previous Values 
P24 5s 10.75 = 0.07 10.92 (8) 
Sb I 6s 8.51 = 0.25 wa 
Yb I 7d 6.34 = 0.04 * 
ee 7s 8.98 = 0.12 9.2 (10) 
Bi I 6d 7.27 +0.09 acs 


* Two two-term series give 6.27 and 6.21. 


For the ionization potential of Sm I Albertson gives 
two values (9). His 5.6 volts looks best on the chart. 

Karlson’s ionization potential of 6.54 volts for Ce I 
(12) is too high, compared to cerium’s neighbors, to be 
acceptable. 

To lend confidence to this method it may be men- 
tioned that some similar corrections found in this man- 
ner have since been confirmed by later work. 

One is tempted to change the ionization potential of 
La I, but it is better established than the ones discussed 
above and the levels most widely out of line belong to 
5d*7s, whereas 5d6s7s would perhaps be more compar- 
able with the 7s of the neighboring atoms and does agree 


3 In this section it is assumed that the reader has a knowledge of 
spectroscopy. 
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a better if plotted, taking the excited level 5d6s of the ion sinking along here and is just barely above the 5d6s in 
aid as zero. No change was made, therefore. Hf. Similar guesses were made for Ce, Pr, Nd, Il, Gd, 
" The most obviously required reassignments of ” Tb, Dy, Ho, Er, Tm, and Lu, whose first spark spectra 
to | quantum numbers are given in Table 3. have not been sufficiently analyzed. The normal con- 
a figurations of Il and the ionization potentials of Hf, 
ow steeaeile Cb, and Ru are among other guesses made for lack of 
REASSIGNMENTS OF 2 QUANTUM NUMBERS experimental data. 
Spectrum Previous value Changed to: 
to CLI n d (4) n+ 1d ACKNOWLEDGMENTS 
se Br I n d (4) n + 2d fie ? - 
Xe I n d (4) n — 1d The author wishes to acknowledge again the constant 
er Bi I 5 d (4) 6d : : 
“i Ral nd (4) ee encouragement and valuable suggestions given by Pro- 
a Ret nf @ ‘> * fessor C. D. Coryell who has used Figure 1 in his classes 
i = en ripe of at the University of California at Los Angeles. Pro- 
na YbI ws 4 (5) w + id fessors D. M. Yost and J. H. Hildebrand gave encour- 
. ' - agement. Interesting conversations were had with 
565-~49,46 -1 ——e ) 
™ ve - ; o o —_ « 7 csilaes egy h a Professors H. E. White and F. A. Jenkins and corre- 
: A ei . ype ld sl ea 4 en veleeunes rt spondence with Professor R. F. Bacher. Many other 
Oe > re cy are prod associates deserve credit for encouragement and sugges- 
ir- ably, therefore, bfiilt upon other than the normal state dean 
e- | of the ion or else are not 7s. ” 
to In S I the levels assigned by Frerichs (11) and Ruedy REFERENCES 
; . 2 22 43 273 ? 2 29 43/2 
7° (6) to 3s°Bp*(4S)3d Dies (plotted) and 38°3p ‘( D)- (1) DEVavtrt, J. CHEM. Epuc., 21, 526 (1944). 
1s, | 4s°Dy3 (not plotted—excited state of ion) were inter- (2) Compron anp ALLISON, ‘X-rays in Theory and Experi- 
ne § changed by Meissner, Bartelt, and Eckstein (3). —e D. Van Nostrand Company, Inc., New York, 
er Frerichs’ and Ruedy’s was used here. (3) PAULING, ‘Nature of the Chemical Bond,”’ 2nd ed., Cornell 
he Two levels in Ir I labeled 5d’7s by Albertson (10) . University Leese. Hae 1940. m 
= : . . eh el (4) BAcHER AND GoupsmiT, ‘‘Atomic Energy States,’’ Optical 
. (probably - misprint) should be either 5d Osis oF levels to 1932, McGraw-Hill Book Company, Inc., New 
C- 5d°7s, etc. The former is probably meant, since he York, 1932. 
uses it in series with 5d’6s?. (5) MEGGERS AND SCRIBNER, J. Research Natl. Bur. Standards, 
A P : 19, 651-64 (1937). 
ch The data used represent all that could be found in 6) Rugby, Phys. Rev., 44, 757-69 (1933). 
al the literature up to 1939. Where short horizontal (7) RuEDY AND Grsps, ibid., 46, 880-8 (1934). 
ng #f lines (representing energy levels) are missing, data are (8) RosINson, ibid., 49, 297-305 (1936). 
we lacki iA dine Sonkés f th ti 1i (9) ALBERTSON, ibid., 52, 644-7 (1937). 
e ae ing an e€ positions 0 e connecting lines, run- (10) ALBERTSON, ibid., 54, 183-4 (1938). 
to | ning from one atom to the next, may be taken as pre- ee FRERICHS, ew 80, 150-60 (1933). 
a . was (12) Karxson, ibid., 85, 482-503 (1933). 
dictions of appromamene penser. (13) MEISSNER, BARTELT, AND ECKSTEIN, ibid., 86, 54-76 
The relative positions of the p, d, and f levels of Ra I (1933). 
look more like those of Ca I than any other alkaline (14) Barret, ibid., 88, 522-31 (1934). 
oii earth so the elements 89 to 92 were given configurations The data in Figure 1 have been obtained, in addition to the 
similar to those of elements 21 to 24. In Tatheenergy above, from numerous papers in the Bureau of Standards Journal 
OG Gig i Ba? 2 . ‘ of Research; Physical Review; Zeitschrift fiir Physik; Indian 
of ionization of one electron from the dd level wasmade joi enal of Physics; and from SIEGBAHN, “Spekiroskopie der 
greater than that of the 6s because the 5d seemed to be _ Rontgenstrahlen,”’ Springer, Berlin, 1931. 
SYMPOSIUM ON PREMEDICAL EDUCATION 
Alpha Epsilon Delta, national honorary premedical fraternity, sponsored a sym- 
es posium on premedical education at the Cleveland meeting of the Association for the 
Advancement of Science in September, 1944. More than 70 teachers and administrators 
Bi from various colleges throughout the country attended. Dr. H. E. Setterfield, national 
be president of Alpha Epsilon Delta, opened the symposium and Dr. Victor Johnson, secre- 
tary of the Council on Medical Education and Hospitals of the American Medical Asso- 
n- ciation, presented a paper on the ‘“‘Objectives in premedical education” from the medical 
~_ point of view. 
: A spirited discussion followed the formal remarks and showed the realization of the 
f many important problems involved in premedical training. Plans for further investiga- 
o tion of these problems were proposed by Dr. Setterfield. Among these is the publication 
ed of the papers presented on the symposium in the November issue of The Scalpel of Alpha 
to Epsilon Delta which will be distributed to a large number of teachers and administrators 
ir- along with a list of the more important questions for discussion brought out at the sym- 
ee posium. The remarks and suggestions submitted will be published in pamphlet form 
- and circulated among premedical teachers and others interested. 
sg Copies of these publications may be had upon request to Dr. Maurice L. Moore, 
Secretary of Alpha Epsilon Delta, 3853 Lakewood, Detroit 15, Michigan. 








An App 


aratus for the Determination 
of Surface and Interfacial Tension 


OTTO F. STEINBACH! 
City College of New York, New York City 


HE measurement of surface tension by the capillary 

rise method and the bubble pressure methods are 
very similar in principle. The apparatus sketched in 
the accompanying diagram can be used to show this 
relationship. It consists of a device which will increase 
the pressure slowly; namely, a buret and a side neck 
flask and a manometer to measure the pressure inside 
of the apparatus. The author used dibutyl phthalate 
in the manometer and buret, though water, motor oil, 
or mercury can be used. 
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A broken thermometer makes an excellent capillary 
to use for surface tension measurements. The lower 
end is cut off with a sharp file and the other end is cut 
off at the point where the expanded bulb is joined to the 
capillary tubing. Alternately, a bulb may be blown 
out at the end of the tubing and this will serve as the 
“‘well’’ when using the capillary for interfacial tension 
measurements. The appearance of such a finished 


capillary is shown by C in the accompanying drawing. 
1 Present address: Adelphi College, Garden City, New York. 
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If the capillary is to be used only for surface tension 
measurements, a simple straight tube capillary without 
the “‘well’’ will serve. The thermometer divisions 
should be calibrated in centimeters by comparing it 
with a meter stick. Four different readings are taken 
and averaged. 

When a liquid ascends a capillary tube and comes to 
rest, the pressure directly under the concave surface is 
less by hdg than a surface in the capilfary tube which is 
at the same level as the liquid in the main body of the 
liquid. The simple formula which relates the surface 
tension (y), the radius of the capillary tube (7), the 
height of rise (h), and the acceleration of gravity (g) is 


— = hdg (1) 


It may be observed that the quantity on the right of 
the equation is a pressure unit and this is equal to the 
difference in pressure that exists under a plane surface 
and a concave surface. Likewise, 2y/r is a measure of 
this. Therefore, for any given substance, 2¥/r is in- 
dependent of the method of measurement, provided the 
same capillary is used. (The radius of the capillary 
and the radius of curvature of the liquid surface in the 
capillary are assumed to be identical in the above 
simplified discussion.) This constancy of 2y/r can be 
demonstrated by a series of experiments. 

The capillary is mounted vertically and the height of 
rise (h) should be measured. The temperature should 
be controlled within 0.1°C. during all experiments, by 
placing the large test tube in a beaker of water. The 
height of rise may be more easily observed by using a 
hand lens. The value of 2y/r is calculated for the 
liquid from the observed or known values of (h), (d), 
and (g) with the aid of equation (1). 

The rubber tubing, E, is connected to the top of the 
capillary. A capillary stopcock may be enclosed in the 
circuit as shown by dotted lines, as it facilitates reduc- 
ing the pressure in the apparatus in case the pressure is 
in slight excess of that required. The buret stopcock 
is adjusted so that the pressure inside is built up slowly, 
and when the liquid in the capillary is forced back to the 
level of the main body the manometer reading is re- 
corded. Obviously the pressure required to-do this is 
equal to that of the preceding experiment and is of 
course equal to the right-hand term of equation (1). 


' Asa variation, one may determine the pressure required 


to force the liquid in the capillary down to any given 
mark, for example, to the lower end. 
(Continued on page 601) 
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Chromatographic Adsorption 


ERNEST L. ELIEL 


University of Havana, Havana, Cuba 


HE increasing importance of chromatographic 

adsorption (1, 2) recommends its presentation to the 
undergraduate, for which purpose this résumé was 
prepared. 


GENERAL ADSORPTION TECHNIQUES 


Ordinary adsorption consists in the retention of one 
substance on the surface of another. A simple experi- 
ment to demonstrate this is the clarification of an 
aqueous solution of two organic dyes (methylene blue 
and fuchsine) by means of animal charcoal. 


Experiment 1. Add 1 ml. of a 1 per cent solution of methylene 
blue and 2 ml. of a 1 per cent solution of fuchsine to about 100 
ml. of water. Add one teaspoonful of powdered charcoal to 25 
ml. of this solution, shake well, and filter. The filtrate will be 


colorless. 


By means of simple adsorption it is possible to remove 
certain solutes from a solution, but not, in general, to 
separate these solutes from one another. Such separa- 
tion can be effected, however, by chromatographic 
adsorption, which is essentially adsorption in a column. 
If the solution of methylene blue and fuchsine is passed 
through a column of aluminum oxide, two zones, an 
upper blue and a lower red one, will appear presently 
(3). These zones can be made to separate by de- 
velopment with a mixture of equal parts of water and 
acetone. The red zone migrates downward much more 
quickly than the blue one and will be separated almost 
completely from the latter. The column is then al- 
lowed to drain, the adsorbent is extruded and cut, and 
the pieces are thrown into methy] alcohol which elutes? 
the dyes. After filtration, a blue solution of methyl- 
ene blue and a red one of fuchsine will be obtained, 
proving that separation has been effected to a con- 


siderable degree. 


Experiment 2. The column used for this experiment consisted 
of a wide tube 6 inches long and of about */,-inch diameter fitted 
as indicated in Figure 1, e. g., a test tube whose bottom has been 
cut off. The adsorbent, Brockmann aluminum oxide, was 
mixed with water so as to form a slurry and then poured into the 
column, an intermittent vacuum being applied in order to bring 
about quick settling. Water was added as necessary. The 
final column had a height of 3'/2 to 4 inches, requiring about 15 g. 
of Al,O;. Five milliliters of the solution used in Experiment 1 
were then added to the water above the column and passed with 
intermittent vacuum, fresh water being poured in so as to avoid 
drying of the column. Finally a mixture of 12 ml. of acetone and 
12 ml. of water was forced through with continuous vacuum. 


After thorough draining the column was stoppered at both ends, 
tapped with a piece of wood, and extrusion was effected by 





1 Presented before the Students’ Chemical Club, ‘‘Carlos 
Theye,’’ of the University of Havana, March 15, 1944. 

2 Elution is the process of separating an adsorbate from an 
adsorbent, by means of a liquid, an eluent. 
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FIGURE 1 


means of a small cork fitted to a glass rod, the column.-being 
pushed on to a filter paper and cut by means of a razor blade. 


Thus chromatographic adsorption may be tentatively 
defined as the differential adsorption of two or more 
substances in a column of adsorbent material. It has 
been found, however, that the columnar form of the 
adsorbent is less important than the constant direction 
of flow of the solution. 


HISTORY 


Chromatography was discovered in 1906 by the 
Russian botanist M. Tswett. He employed the chroma- 
tographic method to investigate plant and animal pig- 
ments, and by means of it proved that chlorophyll is 
not a homogeneous substance but a mixture of a- and 
8-chlorophyll. 

Tswett’s most famous experiment is the adsorption 
of a petrol ether extract of green leaves in a column of 
sucrose. In order to adsorb not only chlorophyll but 
also xanthophyll and carotene we shall use a double 
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column, the lower part of which consists of aluminum 
oxide while the upper part is powdered sucrose (4). 


Experiment 3. Two or three green leaves are ground in a 
mortar with some powdered glass and extracted twice with a 
mixture of 20 ml. of petrol ether and 2 ml. of methyl alcohol. 
The extract is filtered into a small separatory funnel and washed 
six times with water in order to free it from methyl alcohol. (Ifa 
small emulsion zone forms at this stage, it may be discarded.) 
After drying with anhydrous sodium sulfate, 5 ml. of the extract 
are poured into the column which has been prepared according to 
Figure 2. Alumina (Brockmann) is made into a slurry with 
petrol ether, poured into the column and allowed to settle. The 
column is completed with a slurry of powdered sucrose in petrol 
ether. Development of the chromatogram is effected with petrol 
ether until a satisfactory separation of the zones is obtained. 


‘ 
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FIGURE 2 


In this experiment four rings will be obtained: a 
green one of chlorophyll and a yellow one of xantho- 
phyll in the sucrose, and a yellow and a red one of 
xanthophyll and carotene, respectively, at the top of 
the aluminum oxide. Separation of the two chloro- 
phylls is not so easy to effect. 

One would expect Tswett’s discovery to have exerted 
immense influence on the chemical development of his 
time. He discovered nothing less than the separation 
of various components of a mixture by means of a knife. 
He himself was fully aware of the importance of his 
method and performed a large number of experiments to 
illustrate its applications. However, perhaps because 
Tswett’s main work was published in Russian or be- 
cause the chemists of 1910 did not want to believe that 
chlorophyll (which had already been obtained in crys- 
talline form) was not a homogeneous substance, 


3 Editor’s Note: ‘Confectioners’ sugar’’ is generally preferable 
to powdered sucrose. 
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Tswett’s method fell into disuse and was only very oc- 
casionally employed until 1931, when it was first ap- 
plied to preparative work, viz., the separation of the 
carotenes and isolation of pure 8-carotene (5). 

Since 1931 the method has been extensively applied 
both to preparative and analytical work and has be- 
come an indispensable tool in organic chemistry. AI- 
though “chromatography” according to its Greek 
roots means ‘‘writing in color’’ it is now employed for 
colorless as well as colored substances. 


APPARATUS AND TECHNIQUE 


Generally speaking, the technique of chromato- 
graphic adsorption depends on whether the substances 
to be adsorbed are colored or colorless. Colored sub- 
stances can easily be recognized in the column and may 
be separated by cutting the latter. Colorless com- 
pounds require more complicated procedures. ‘The 
process may be represented by the following diagram: 


Preparation of Column 
Adsorption of Substances 


colored colorless 

| | 
Development Fractional elution 
of the entire column 
(“Liquid Chromatogram’’) 





Extrusion 


| 


Cutting 


Elution of Pieces 


Preparation of the Column. Much depends on the 
choice of adsorbent. As adsorption is a surface phe- 
nomenon, theoretically many substances in a finely 
divided state—powder or fibers—can be used. Prac- 
tical considerations, however, limit the number of 
available adsorbents to substances which are insoluble 
in solvents and eluents and do not react with them or 
with the materials to be adsorbed. It is convenient 
if the adsorbent can be easily dried and regenerated by 
heating (which condition is not met by organic sub- 
stances); moreover it should not be strongly acid or 
basic, nor should it be strongly colored if it is to be 
used for the chromatography of colored compounds. 

Still there exists‘a considerable number of sub- 
stances which can be employed, such as alumina, mag- 
nesium oxide, calcium hydroxide, magnesium carbon- 
ate, calcium phosphate, calcium carbonate, talc, inulin, 
and sucrose (in this order of decreasing activity) (6), 
as well as gypsum, fuller’s earth, kieselguhr, silica gel, 
charcoal, permutit, and Hydralo, among others. 

One of the most useful adsorbents for laboratory 
experiments is Brockmann aluminum oxide. Ordinary 
alumina is usually not sufficiently active. 


Experiment 4. Repeat Experiment 2 with ordinary calcined 
alumina as adsorbent instead of aluminum oxide according to 
Brockmann. (In this case it is preferable to pour the dry ad- 
sorbent into the column, compress it fairly tightly, and pass some 
water through the column before adding the solution of the dyes.) 
No separation of the dyes will be effected. 





Dr 


is si 
i 
glas 
glas 
pou 
pow 
slur 
it se 
A 
ing 
pres 
befc 
A 
abs« 
solv 
the | 
ethe 
elue 
is ch 
tion 
chlo 
and 
thar 
whic 
tain 
by 1 
hexa 
W 
be t: 
stan 
abov 
adso 
the ¢ 
nels 
unev 
In 
by v 
slow. 
volat 
De 
the ¢ 
zone: 
used 
solve 
(of. I 
Ex 
cutti 
not ' 
cutti 
genet 
ether 
filter 
extra 
then 
is sul 
desir¢ 
Col 
cutti 


(a) 


IN 


.P- 
he 


ed 
e- 
\1- 
ek 


or 


he 


‘ly 
Lc- 
of 
le 
or 
nt 


ib- 
or 
be 


Lg- 
n- 
in, 
5), 


el, 


ry 


ied 


ad- 
me 
»s.) 





DeceMBER, 1944 


It should be emphasized that the choice of adsorbent 
is still largely empirical. 

In order to prepare the column, the bottom of the 
glass tube to be used is suitably secured by means of 
glass wool or cotton and filter paper, some solvent is 
poured in, and then the adsorbent is added, either in 
powdered form or mixed with the solvent in form of a 
slurry. The column should be stirred frequently while 
it settles in order to keep it free from air bubbles. 

Alternatively the column may be prepared by pour- 
ing the dry, powdered adsorbent into the tube and com- 
pressing it tightly by means of a suitable instrument 
before adding the solution. 

Adsorption of Substance. The substance to be 
absorbed should, in general, be in dilute solution. The 
solvent (the same which has been used for preparing 
the column) most widely used in organic work is petrol 
ether. It has the advantage of possessing but little 


eluent action (7. ¢., it favors adsorption of the solute), 


is cheap, easy to handle, and easy to remove by evapora- 
tion. Other useful solvents are carbon disulfide, 
chloroform, carbon tetrachloride, cyclohexane, ligroin, 
and benzene. Benzene has a stronger eluent action 
than petrol ether, and it may occur that a substance 
which is adsorbed from petrol ether solution by a cer- 
tain adsorbent is not adsorbed from benzene solution 
by the same adsorbent. For fine work pentane and 
hexane may be used with excellent results. 

When the solutionis poured on thecolumn, care should 
be taken not to stir up the latter. Under no circum- 
stances must the level of the liquid disappear from 
above the adsorbent material during the process of 
adsorption and development. If this occurs, 7. e., if 
the column ‘‘dries out,’’ it will shrink, breaks and chan- 
nels may form, and subsequent development will be 
uneven. 

In general, solutions should pass through the column 
by virtue of their own weight, but if passage is very 
slow, vacuum—or pressure at the top in the case of 
volatile solvents—may be applied. 

Development. A chromatogram is developed with 
the purpose of bringing about a clean separation of the 
zones. Development may be effected with the solvent 
used originally (cf. Experiment 3), or with some other 
solvent of greater eluent power, or with a mixture 
(cf. Experiment 2). 

Extrusion, Cutting, and Elution. Extrusion and 
cutting must be effected with the greatest care in order 
not to break the column. The pieces obtained by 
cutting are thrown into separate portions of eluent, 
generally ethyl or methyl alcohol or, occasionally, 
ether. After some stirring, the solution so obtained is 
filtered. The remaining adsorbent may have to be 
extracted once or twice more with the eluent and is 
then stored for reactivation, while the clear solution 
is subjected to any further treatment which may be 
desired. 

Colorless Substances. There are various ways of 
cutting chromatograms of colorless substances: 

(a) An empirical procedure. The column is cut 
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into a large number of equal parts and these are eluted 
separately with the hope of effecting partial or complete 
separation at least in the pieces at the extreme ends of 
the column. This method has been employed for the 
separation of higher fatty acids (7). 

(b) By means of an internal indicator. For example, 
in order to separate stearic from oleic acid, a petrol 
ether solution of the mixture is passed through a column 
of magnesium oxide impregnated with phenol red. 
After development with petrol ether, the acid zones 
appear as yellow bands in the red column which can 
then be cut. The pieces are dissolved in HC1 and the 
free fatty acids extracted with ether (8). 

(c) By conversion of the substance into a colored 
derivative. Thus levulinic acid, CH3— CO — CH; — 
CH, — COOH, and geronic acid, CH; — CO — CH; — 
CH: — C(CH;)2— COOH, may be separated after con- 
version into the colored 2,4-dinitro phenyl hydrazones 
from which they are regenerated, after chromato- 
graphic separation, by means of glyoxal (9). Recently 
fatty acids have been separated after conversion into the 
colored 2,4-dinitro benzyl esters. 

(d) By means of ultraviolet light in the case of sub- 
stances which are fluorescent toward ultraviolet 
radiation (10). 

(e) By means of external indicators spread along 
the column after extrusion by means of a brush. Thus 
the zone containing vitamin A in a completely color- 
less chromatogram may be found by brushing the 
column with a solution of antimony trichloride in 
chloroform (Carr-Price reagent) which marks the 
vitamin A zone blue (11). 

Nevertheless in many cases none of these devices 
can be employed. One must then resort to the so- 
called ‘liquid chromatogram” which is based on frac- 
tional elution. The preparation of the column and 
adsorption are effected in the usual way, except that 
no colored zones will, of course, be formed. Let us 
assume that adsorption has taken place from petrol 
ether solution. More petrol ether is then passed 
through the column and at the same time one investi- 
gates by means of color tests or actual evaporation of a 
few drops on a watch glass whether the petrol ether 
which flows out contains any substance. As soon as 
substance begins to come out, fractions of 10 to 100 ml. 
(according to the size of the column) are taken until 
petrol ether brings about no further elution. When this 
moment is reached,..development is continued with 
petrol ether-benzene mixture (9:1 for careful work). 
When this mixture also ceases to elute substance, the 
proportion of benzene in the eluent is slowly increased. 
When no more elution takes place with pure benzene 
(the last member in the series of petrol ether-benzene 
mixtures) development is continued with benzene-ether 
mixtures, ether, ether-acetone, acetone, and finally with 
methyl alcohol, pyridine, or acetic acid in the case of 
very strong adsorbates. In favorable cases (which are 
unfortunately rare) each component of the original 
mixture may come out with a different eluent. Even- 
tually the fractions are freed of solvent by distillation 
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and are thereafter subjected to further investigation. 

Obviously the process of making a liquid chromato- 
gram is very laborious. With unknown substances it 
may take several days, although once the appropriate 
eluents have been found by means of a pilot chromato- 
gram on a small scale, the procedure usually can be 
simplified. 

Apparatus and Special Methods. A great variety 
of special glassware has been evolved for use in chroma- 
tography. Chromatograms can even be made in 3- 
mm. glass tubes and in Biichner funnels. 

Only two examples of the application of special 
methods will be mentioned here. If elution is difficult 
or impossible to effect because the adsorbate adheres 
too strongly, the adsorbent may be removed or modified 
in some special way. For example, in Tswett’s ad- 
sorption of chlorophyll the sucrose may be removed 
by dissolving it in water. The magnesium oxide used 
to separate fatty acids is dissolved in HCl. Or a 
substance may be very strongly adsorbed on calcium 
hydroxide, but only very weakly on calcium carbonate. 
In that case it is adsorbed on the hydroxide, the ad- 
sorbate is supended in water and treated with a current 
of carbon dioxide. Thus calcium carbonate is formed 
and elution can now be effected easily (12). 


USES 


The most important application of chromatographic 
adsorption in organic chemical work has already been 
indicated, namely, the separation of the components 
of a mixture. This application alone would give great 
importance to the chromatographic method, in contrib- 
uting to the solution of one of the hardest problems of 
organic chemistry. Actually, chromatography some- 
times makes possible the separation of substances which 
cannot conveniently be separated by any other method 
—the two chlorophylls and the three carotenes. 

Another application—perhaps the oldest and simplest 
of all—is the purification of certain substances by means 
of adsorbents in columnar form. When chromatog- 
raphy was still largely unknown, columns of charcoal 
were already employed to purify edible oils. The 
strongly colored and often odorous oil is passed through 
the column and comes out with but a light color and 
almost odorless, as the components of pronounced 
color and smell are adsorbed in the column. The 
same principle has been employed for the purification 
of benzyl chaulmoograte, which is used in the treat- 
ment of leprosy (13). 

Chromatographic adsorption can also be used to 
test the homogeneity of a substance (14). A substance 
is homogeneous if on being passed through an adsorp- 
tion column it is adsorbed in one single zone. There 
are but few substances which are similarly adsorbed 
on a number of columns of different materials and it 
has heen claimed that the criterion of adsorption of a 
substance is more typical than its melting point, boiling 
point, absorption spectrum, etc. The identity or non- 
identity of two substances can also be established 
chromatographically (15). The two substances in 
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question are mixed and the mixture chromatographed. 
If one zone only is formed they are identical, while the 
formation of two different zones naturally indicates 
nonidentity. Unfortunately, chromatographic tests 
for homogeneity and identity can be carried out con- 
veniently only in the case of colored substances, and 
only if the substance in question is adsorbed on the 
column with sufficient intensity. 

Another highly important application is the con- 
centration of a natural product. Let us choose pen- 
icillin as an example. The Penicillium notatum pro- 
duces about 1 to 10 unitsper ml. of culture medium. 
But a gram of penicillin contains 450,000 units; 7. e., 
one must work up about 200 to 1000 liters of liquid in 
order to obtain 1 g. of substance (assuming a yield of 
40 to 50 per cent). In order to avoid handling such 
huge volumes of liquid, it is necessary to concentrate 
the material in an early stage of its preparation. To 
this end the material is chromatographed in ethereal 
solution (after repeated previous extractions, which 
bring about an approximately tenfold concentration). 
Four zones will be obtained in a column of aluminum 
oxide: 


1. A dark brownish-orange layer at the top which contains 
some penicillin. 

2. A light yellow layer containing most of the penicillin and 
no pyrogens. 

38. An orange zone which contains some penicillin and most 
of the pyrogen. 

4. A brownish layer containing no penicillin. 


The column is washed with ether, extruded, and cut. 
The fourth layer is discarded, the other three are eluted 
separately with a phosphate buffer of pH 7.2. The 
eluent of the second zone will now contain a large con- 
centration of penicillin—as a big volume of ethereal 
solution may be passed through the column but only a 
small amount of eluent is required. The eluents of 
the first and third zones are used to elute the next 
batch. : 

Last but not least, the numerous applications of 
chromatographic adsorption in the analysis and control 
of industrial and pharmaceutical products must be 
mentioned. Chromatography is used for the deter- 
mination of the homogeneity and purity of dyestuffs, 
in the investigation of oils and fats, for the analysis of 
drugs from natural sources, in testing for the absence 
of artificial coloring matter in butter and wine, and in 
many other similar instances. Recently it has also 
been applied to quantitative organic analysis; e. g., of 
the three carotenes, which are separated by chromato- 
graphical adsorption previous to spectrophotometric 
determination, and of vitamin D in fish oils, which is 
separated chromatographically from vitamin A before 
it can be estimated colorimetrically or spectrophoto- 
metrically by means of the yellow color it gives with 
chloroformic solution of antimony trichloride (16). 

Applications in Inorganic Chemistry. Although the 
applications of chromatography in organic work are 
more numerous than those in inorganic chemistry, the 
latter are not without importance. The separation of a 





DE 


mix 
illus 


the « 
solut 
ous 1 
wate 
ment 
Thre 
Cie 
trate 
The 
redd: 


sepa 
mad 
affin 


term 
so, 
tect 
mate 
of tl 
grap 
to se 


Cl 
is pr 
of th 
sorbe 
atom 

It 
the a 
subst 
The. 
acids 
(whic 
the 1; 
very 
ester: 
creas 
hydre 
aliph 
zero | 


Most 
ad: 


Weak 


Am 
have 
adsor| 
affinit 
Small 
consid 
exam] 
conju; 
carote 


Pp. ee OO er eee 


1S 





DECEMBER, 1944 


mixture of cations in the form of their nitrates, can be 
illustrated by a simple experiment. 


Experiment 5. The column for this experiment is prepared as 
the one in Experiment 2. A mixture of 2 mi. of a decimolar 
solution of cupric nitrate, 2 ml. of a decimolar solution of cobalt- 
ous nitrate, and 1 ml. of a decimolar solution of ferric nitrate with 
water is poured through the column without suction. Develop- 
ment is effected until the liquid above the column is colorless. 
Three rings will be formed: a brown one of Fe*+**t, a blue one of 
Cut+, and a pink one of Co++. Twenty milliliters of a concen- 
trated solution of K,Fe(CN). are then passed, applying vacuum. 
The ring of Fe+*+* will turn dark blue, the one of Cutt 
reddish brown, the one of Co** grayish green. 


Actually most cations as well as anions can be 
separated chromatographically and lists have been 
made arranging the ions according to their adsorption 
affinity (17). 

The separation can be applied to quantitative de- 
terminations and has possibilities in industrial analysis; 
so, for example, one microgram of Fe+++ can be de- 
tected in a molar solution of Cut++ by means of chro- 
matographic adsorption and subsequent development 
of the column with K,Fe(CN). (18). The chromato- 
graphic method is so sensitive that it has even been used 
to separate the isotopes of lithium. 


THEORETICAL 


Chromatographic adsorption, like any adsorption, 
is produced by forces which act between the molecules 
of the adsorbent and those of the substance to be ad- 
sorbed, forces similar to those which hold together the 
atoms in a molecule. 

It is clear that these forces depend on the nature of 
the adsorbent and on the molecular arrangement of the 
substance which is passed through the column (19). 
The substances most strongly adsorbed are the organic 
acids which contain the very active —COOH group 
(which, moveover, has a large polar moment). Next in 
the list are the alcohols, whose functional group is also 
very reactive and polar. Then follow the ketones, 
esters, and ethers, with their functiona! groups of de- 
creasing reactivity and polarity, then unsaturated 
hydrocarbons, aromatic hydrocarbons, and ultimately 
aliphatic hydrocarbons, which are unreactive, have a 
zero polar moment, and are generally not adsorbed. 





Most strongly Acids 
adsorbed Alcohols Strong eluents | 
Ketones } 
Esters 
Ethers Weak eluents 


Unsaturated hydrocarbons 
Aromatic hydrocarbons 
Y Saturated aliphatic hydrocarbons 





Weakly adsorbed Solvents 


(Pass) 
Among the unsaturated compounds, those which 
have their double bonds conjugated are more strongly 
adsorbed than others. As expected, the adsorption 
affinity increases with the number of double bonds (20). 
Small changes in molecular structures bring about quite 
considerable changes in adsorption affinity. So, for 
example, it is quite easy to separate y-carotene (11 
conjugated and one isolated double bonds) from £- 
carotene (11 conjugated double bonds) and those two 
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in turn from a-carotene (10 conjugated and one iso- 
lated double bonds). 

Among aromatic hydrocarbons, those with the largest 
number of rings are most strongly adsorbed; e. g., 
naphthacene forms a zone above anthracene while 
naphthalene passes through the column (21). 

Now we can explain also why petroi ether is a better 
solvent than benzene. The former being an aliphatic 
hydrocarbon of low molecular weight suffers almost no 
adsorption itself and therefore has no tendency to dis- 
place the adsorbed substance. Benzene is adsorbed in 
the column to a certain small degree and may displace 
other substances whose adsorption affinity is very weak. 
The eluent action of ether, acetone, and alcohol (in- 
creasing in this order) is explained by the fact that these 
substances are themselves strongly adsorbed and tend 
to displace any other substances which may have been 
adsorbed previously. 

The mechanism of the formation of chromatographic 
zones can easily be illustrated by an experiment. When 
two different substances are poured through the column 
they will at first be adsorbed indiscriminately, but 
soon the molecules of the more strongly adsorbed sub- 
stance displace those of the other and force them to 
migrate downwards, forming a lower zone, while the 
strongly adsorbed substance will stay at the top (22). 


Experiment 6. Dilute 1 ml. of a 1 per cent solution of fuchsine 
with 100 ml. of water and pass 3 ml. of this diluted solution 
through a column of the type used in Experiment 2, using 
vacuum. A red zone will be formed. Pass 3 ml. of a dilute 
solution of methylene blue (1 ml. of a 1 per cent solution of 
methylene blue in 100 ml. of water). The methylene blue will 
displace the fuchsine, placing itself at the top of the column. 

Experiment 7. Repeat Experiment 6, inverting the order of 
the dyes. The fuchsine will not dislocate the methylene blue but 
migrate through the blue zone placing itself below it. 


It remains to be proved that the adsorption of a 
substance takes place in a sharply defined zone of con- 
stant intensity. For the mathematical treatment of 
chromatographic adsorption, one is referred to the work 
of J. N. Wilson (23). 

Because of uncertainty in several factors involved 
in the mathematical analysis, the theory of chromatog- 
raphy has not until now found much practical ap- 
plication. In practice, empirical procedures are still 
almost exclusively employed. However, the theoret- 
ical treatment illustrates the discontinuous nature 
of chromatographic adsorption: A small portion of the 
solution which passes through the column remains un- 
changed as long as it passes through already occupied 
regions, but as soon as it comes into a still empty part 
of the adsorbent, all the substance dissolved is at once 
adsorbed and its concentration in the solution drops 
discontinuously to nought. 
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Synthetic Rubber 


A Classroom Demonstration 


ALBERT C. HOLLER 


United States Metal Products Company, Erie, Pennsylvania 


OLYMERIZATION is always quite vague to the 

beginning chemistry student. It was found that a 
class demonstration in the production of a synthetic 
rubber helped considerably to elucidate the mechanism 
of polymerization. The Thiokol type of synthetic 
rubber was chosen because of its ease of preparation 
and also because it could be prepared from materials 
that could be easily obtained. In the following demon- 
stration the processes are carried out in the same man- 
ner as in the industrial production, namely, first, the 
polymerization and formation of the latex, and second, 
the coagulation of the latex to give the rubber. In 
this respect the following demonstration differs from the 
one described by Baker.! 

Thiokol is made from sodium polysulfide and ethylene 
dichloride. The reaction involves the loss of sodium 
chloride and linking the ethylene and polysulfide groups 
into long chains.?:* 


CICH:CH2Cl + NaS,Na + CICH:CH:2Cl + NaS,Na > 
CICH2CH2S, (CH2CH2S,)y,CH2CH:Cl + (2, + 2) NaCl 


Preparation of Polysulfide Solution: Dissolve 10 g. 
of sodium sulfide and 5 g. of sodium hydroxide in 100 
ml. of water. Heat the solution to boiling and add 15 g. 
of flowers of sulfur, with stirring. Allow the solu- 
tion to boil for about 5 minutes and filter off the un- 

1 BAKER, J. CHEM. Epuc., 20, 427 (1943). 

2 Fuson, CONNOR, PRICE, AND SNYDER, ‘‘A Brief Course in 
Organic Chemistry,’’ John Wiley and Sons, Inc., New York, 


1941, p. 125. 
3 MARTIN AND PatrRIckK, Ind. Eng. Chem., 28, 1145 (1936). 


reacted sulfur, catching the filtrate in a 600-ml. beaker. 
Wash out the beaker and funnel with water and dilute 
the polysulfide solution to about 400 ml. The final 
solution should be dark red in color. 

Polymerization and Preparation of Thiokol Latex: 
Heat the polysulfide solution to 75°C. and add 20 ml. 
of hot 5 per cent soap solution to act as an emulsifying 
agent. Add slowly, with vigorous stirring, 20 ml. of 
ethylene dichloride. Keep the reaction mixture be- 
low 72°C. during the polymerization by occasionally 
cooling in a pan of cold water. After all of the ethylene 
dichloride has been added keep stirring the reaction 
mixture vigorously until the color changes from dark 
red to white (about 5 to 7 minutes). Then add 10 ml. 
of conc, ammonium hydroxide to stabilize the emulsion 
and allow to stand overnight or until the next laboratory 
period. 

Coagulation of Latex and Production of Synthetic 
Rubber: After setting overnight the latex will have 
settled to the bottom of the beaker. Decant as much 
of the upper layer (unreacted materials) as possible and 
resuspend the latex by adding about 400 ml. of water 
which contains 10 ml. of ammonia. With stirring, add 
an excess of 20 per cent acetic acid to coagulate the 
latex. A ball of synthetic rubber about two inches in 
diameter will form in the bottom of the beaker. Re- 
move the ball and wash it thoroughly. The color will 
vary from yellow to white and the elasticity of the 
product will depend upon the degree of polymerization 
and of the sulfur content. 
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The Carbon Dioxide Problem 


in Neutralization Titrations 


R. K. McALPINE 


University of Michigan, Ann Arbor, Michigan 


ARBON dioxide introduces certain definite prob- 
lems into neutralization titrations because of the 
following facts: 

1. Carbon dioxide is a normal constituent of the 
air. 

2. It is slightly soluble in water forming a solution 
known as carbonic acid. 

3” Carbonic acid will react with strong bases to a 
considerable extent within the pH range in which 
titrations are commonly carried out. 

These facts may be given more concrete expression as 
follows: 

l. In ordinary pure air CO; is present to the extent 
of approximately 0.03 per cent by volume. 

2. At 20° and 1 atmosphere pressure CO, is soluble 
in water to the extent of 0.17 g. pér 100 g., which 
yields approximately a 0.04 M solution of CO. + 
H2CO;. Since the pressure of CO, in ordinary pure 
air is about 0.0003 atmosphere, the corresponding solu- 
bility would be essentially 0.04 X 0.0003 = 1.2 * 10-5 
M. 

3. By using the ionization constants for H2CO; 
(3 X 10-7) and HCO;~ (6 X 10-"!) one may calculate 
that in distilled water in equilibrium with air at 20°C. 
approximately 85 per cent would be present as [CO2 + 
H,CO;] and 15 per cent ionized as H+ and HCO;-. 
In such a solution [H2CO; + CO.] = 1 X 107° and 
[H+] = 2 X 10-*. 

The problems to be discussed in this paper are 
conveniently divided into two groups, one dealing with 
the presence*of CO, in water and its absorption by 
alkaline solutions, the other with the readiness with 
which CO, is lost from more concentrated solutions of 
carbonic acid. 

The first problem to be considered is this: Is it 
necessary to remove carbon dioxide from distilled 
water in making a standard solution of sodium hydrox- 
ide? The answer depends chiefly on the desired con- 
centration of the sodium hydroxide. For ordinary 
titrations of macro samples a 0.1 N solution of NaOH is 
widely used. With this reagent only 0.01 ml. would be 
required to convert the CO: in 100 ml. of equilibrium 
water to HCO;~ and reach a pH corresponding to a 
phenolphthalein end point. Since this volume is 
within the experimental error of calibration and reading 
of the ordinary buret it is evident that this amount of 
CO: is negligible. However, if one were preparing 
0.01 N or 0.001 NV NaOH the corresponding error would 


be multiplied tenfold or a hundredfold and thus be- 
come so great as to require elimination. 

It is to be noted that under unfavorable conditions 
the preparation of distilled water may be carried out 
in the presence of a higher concentration of CO2. Thus 
Kolthoff mentions cases in which distilled water has 
run as high as 2.56 X 10~‘ with respect to CO:. This 
would multiply by 25 the error under consideration; 
1. e., 0.25 ml. of 0.1 N NaOH would be neutralized by 
100 ml. of the distilled water. It is a simple matter, 
however, to test a sample of distilled water to see 
whether the amount of CO, is sufficient to require re- 
moval. Place 100 ml. of the distilled water in a flask, 
add 2 drops of phenolphthalein indicator solution, and 
then test dropwise with 0.1 NV NaOH to find how much 
is required to produce a pink color. At the University 
of Michigan none of the samples of distilled water sup- 
plied to the laboratories, when tested at various times, 
has required more than 1 drop of the 0.1 N alkali to 
produce a definite light red color. 

The second question to be considered is this, to what 
extent is it desirable to protect a solution of NaOH 
from CO, of the air? By assuming that any aqueous 
solution in contact with ordinary pure air at 20°C. will 
contain CO, + H2CO; so that their total concentrations 
will be 1 X 10~°, one may apply the ionization con- 
stants for carbonic acid to this solution in finding the 
extent to which the following reactions would take 
place: 

H:CO; + OH- 
HCO; + OH- 


HCO; ~ H:0 
CO;—— + H;O0 


In this way it can be shown that a 0/1 JN solution of 
NaOH in contact with ordinary pure air (of the same 
water vapor pressure as the solution) would finally be 
converted to appreximately 0.033 M NaCO; and 
0.033 M NaHCO, with a pH of 10.2. At a pH less 
than this the solution would lose CO, to the air, at a 
higher pH CO, would be absorbed from the air. Fora 
0.5 N solution of NaOH the corresponding condition 
of equilibrium would produce a solution 0.2 M with 
respect to NazCO; and 0.1 M with respect to NaHCOs, 
and with a pH of 10.5. 

It is obvious that these calculations have only a 
theoretical value since it would be impossible to main- 
tain the humidity of the air at such a value that neither 
evaporation nor condensation would take place. How- 
ever, it is permissible to consider the error involved in 
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the use of such solutions as standard solutions in titra- 
tions. In this case the magnitude of the error would 
depend on the indicator required for the titration. If 
the acid being titrated were a relatively weak acid for 
which phenolphthalein would be indicated, the ap- 
parent normality of what was originally 0.1 N NaOH 
would now be only 0.033 N, since the titration would be 
represented by the equation: 


CO;-~— + HA = HCO;- + A-. 


However, if a strong acid were being titrated with the 
use of such an indicator as methyl orange or brom- 
phenol blue, the standard solution would still be essen- 
tially a 0.1 N reagent since under these conditions the net 
reactions would be represented by the following equa- 
tions: 

CO;-- + 2H+ = H,CO; 

HCO;- + H* = H:CO; 


On this basis the same total amount of H*+ would be 
required as if the original NaOH had been used. 

The third question to be considered is the following: 
To what extent will CO. be absorbed from the air in 
the ordinary titration of an acid with a strong base 
when using phenolphthalein as indicator? The answer 
to this question involves a consideration of the rate at 
which CO, is absorbed by an alkaline solution. A very 
simple experiment has direct bearing on this subject. 
Place 100 ml. of distilled water in an Erlenmeyer flask, 
add 2 drops of phenolphthalein solution and 2 drops of 
0.1 N NaOH. A very definite red color is produced. 
Now swirl vigorously for about one minute, prefer- 
ably with frequent reversals of direction so as to give 
marked exposure of the surface of the solution to the 
air. Note that the solution becomes practically color- 
less. This means that the pH has dropped to approxi- 
mately 8. Since the pH produced by 0.1 ml. of 0.1 NV 
NaOH in 100 ml. of distilled water is approximately 10, 
there must have been taken up by the solution an 
amount of CO, very nearly equal to 1 X 10~‘ moles per 
liter. Since the solubility in distilled water in contact 
with air is 1 X 10~5 moles per liter, the amount of CO, 
dissolved in the one minute of swirling by the alkaline 
solution equals nearly ten times its solubility in pure 
water. 

It is possible*at this point to test the above solution 
with an additional drop of 0.1 N NaOH to see whether 
the amount of CO, absorbed is sufficient to prevent the 
color from being restored; 7. e., to establish a pH of 
8.4 to 8.6. Such an experiment shows that the amount 
of CO: absorbed is of the order indicated by the calcu- 
lation. By using the assumption that at equilibrium 
the concentration of CO: + HzCO; in such a solution 
would be 1 X 10-5, it follows that for a stable pH of 8 

(HCO;-] _ 3 x 10-7 _ 30 
[H2COs;] 1X 10° 1 





or the concentration of HCO;~ would finally become 
3 X 10-*. Ata stable pH of 8.5 the concentra.ion of 
HCO;~ would become 1 X 10-*. To establish these 
values for the concentrations of HCO;~ would require 
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the neutralization by CO, of 0.3 ml. and 1.0 ml., re- 
spectively, of 0.1 N NaOH per 100 ml. of solution. 
These amounts would be increased slightly if one took 
into account the slight conversion of HCO3;~ to CO;—~. 
However, it may easily be shown that at a pH of 8.5 
this reaction would be negligible since only 1/25 as 
much OH~ would be used in forming CO;~—~ as in form- 
ing HCO;-, starting with H2CO; in both cases. 

Thus, in the titration of a strong acid with a strong 
base, at a pH of 8.5 and a final volume of 100 ml., the 
CO, error might amount to 1 ml. of 0.1 N NaOH neu- 
tralized by the CO... However, direct experiments 
with an amount of agitation of the solution which is in 
excess of that ordinarily used in a titration shows that 
this effect will not exceed about 0.1 ml. of 0.1 N NaOH. 

It is interesting to note that in the titration of a 
weak acid with a strong base the neutralization of the 
CO, may take place by a different sort of reaction. Con- 
sider the case of acetic acid as an example. 


Kuc.n;3o: = 1.8 X 1075 


“ 


In neutralizing acetic acid with sodium hydroxide the 
reaction may be represented as follows: 


HC.H;0. + OH~ = C2H;0.~ + HO 


If the two reagents were both 0.1 N, at the equivalence 
point the concentration of C;H;0.~ would be approxi- 
mately 0.05, the concentrations of OH~ and of undis- 
sociated HC,H;0. would be essentially equal, there- 
fore, 
2: {H*] X 0.05 1 X 10714 
(OH"] = Tax 107 ~~ (Hr) 

[H+] = 1.9 X 10-°, pH = 8.72 





If such a solution were agitated in contact with air CO, 
would be absorbed and neutralized chiefly by the reac- 
tion 

H.CO; + C:H;0.~- = HCO;- + HC.H;0. 


To restore the solution to a pH of 8.72 and establish 
equilibrium with the CO, in the air a sufficient amount 
of CO: would need to be neutralized to produce a con- 
centration of HCO;~ of 1.6 X 10-* and CO;—~ of 6.9 
X 10-*. In 100 ml. of solution this wotld use up an 
extra 1.74 ml. of 0.1 N NaOH. But it should be noted 
once more that CO, is absorbed slowly enough from the 
air while swirling the solution in an Erlenmeyer flask 
so that the ordinary error to be encountered in this 
titration will probably be less than a tenth this figure. 

The second main division of the paper is concerned 
with the volumetric estimation of carbonate in soluble 
salts by a displacement titration with a strong acid. 
The essential reaction involved in this determination 
may be represented by the equation: 


CO;-~ + 2H+ = H,CO; 


There are three common ways in which this deter- 
mination is carried out. 

(a) By direct titration using methyl orange, brom- 
phenol blue, or methyl yellow as indicator, with the end 
point approximately pH = 4. 
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(6) By treating with excess of acid, boiling to re- 
move the COs», cooling, and back titrating with a stand- 
ard solution of NaOH, using phenolphthalein, methyl 
red, or methyl red plus methylene blue, as indicator, 
with the pH at the end point lying between 5 and 8.5. 

(c) By using methyl red or methylene blue plus 
methyl red as indicator, titrating to the first acid color, 
boiling to remove COs, and then titrating again to the 
acid color, with the end point lying at a pH of approxi- 
mately 5. 

The first of these methods assumes that the CO, 
formed stays in solution with only negligible loss. In 
this case, when titrating 0.1 N Na,CO; with 0.1 NV 
HCl the concentrations of CO, plus H:CO; at the 
equivalence point would be 0.025 M (0.05 NV), and by 
applying the constant for H,CO; (K = 3 X 107") the 
pH at the equivalence point is calculated to be 4.06. 
However, if one were titrating 0.2 NV NazCO; with 0.2 V 
HCI at the equivalence point the concentrations of CO 
plus H2CO; should be 0.05 and the corresponding pH = 
3.88. In this titration one commonly prepares a buf- 
fered solution of potassium acid phthalate or its equiva- 
lent, of approximately the same volume as that ob- 
tained in the actual titration, with the same amount 
of indicator present, and then titrates to match the 
colors. Apparently the pH of the blank should be ad- 
justed to the amount of carbonate present; 7. e., for 
0.1 N solutions = 4.06, for 0.2 N solutions = 3.88. 

However, this assumes that no CO, is lost from 
the solution. The question whether this is true is 
readily answered by direct experiment. By passing 
CO, into water at a moderate rate for two to three hours 
at room temperature (nearly 25° C.) a saturated solu- 
tion of CO.-water may be prepared. Samples of this 
may then be analyzed directly by titration with 0.1 NV 
NaOH, using phenolphthalein as indicator and titrat- 
ing to the first pink color. Other samples may be per- 
mitted to stand or be subjected to swirling or stirring 
for definite periods and then analyzed. From the data 
in the handbook a solution of CO.-water, at 1 at- 
mosphere pressure and 25°C. should be 0.033 M@. The 
highest figure obtained by direct analysis with little 
agitation until near the equivalence point was 0.028 M. 
Actually, in taking a sample in a 100-ml. graduate a 
slight amount of effervescence was observed. On 
simple swirling for one minute—which might approxi- 
mate the amount of agitation in a direct titration— 
some 37 per cent of the CO, was lost. On simple swirl- 
ing for five minutes 75 per cent of the CO: was lost, 
while one minute of reversed swirling was sufficient 
to remove 74 per cent of the CO,. Quiet standing in an 
Erlenmeyer flask for 10 minutes permitted 15 per cent 
of the CO, to escape. 

Since a saturated solution of CO, in water at room 
temperature and 0.0003 atmosphere pressure of CO: 
would be only 1 X 10~° M with respect to CO, plus 
H.COs, the above solutions are all considerably super- 
saturated with respect to CO, and this gas is lost to the 
air fairly readily from such solutions. On this basis, 
if moderate agitation is employed while reaching the 
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end point one may actually overtitrate to some extent. 
Thus, if the pH of the end point is set at 4 and most of 
the COz is lost, an excess of HCI will be used in the titra- 
tion. Since 0.1 ml. of 0.1 N HCI will convert 100 ml. of 
distilled water to a pH of 4, the error introduced in the 
titration should not exceed this figure. If the amount 
of CO; still remaining would account for a pH of 5, the 
error in titrating to a pH of 4 would be only 0.09 ml. of 
0.1 N HClin 100 ml. of the solution. 

The direct titration has two advantages: (1) that 
only a single standard solution is required, and (2) if the 
unknown is dissolved and made up to an accurately 
known volume this solution may be used in one buret 
and the standard acid in the other. Then if one over- 
steps the end point one can back titrate with the car- 
bonate solution. On the other hand, there are two 
disadvantages: (1) the uncertainty as to the pH at the 
equivalence point, and (2) the fact that at a pH of 4 the 
solution is distinctly buffered so that there is a corres- 
pondingly small change in pH for an additional drop of 
the HCl. 

In the second method of carrying out the titration of a 
carbonate it is assumed that by a short period of boiling 
after the solution has been treated with an excess of 
acid the CO, may be removed so completely that there 
will be no significant neutralization of the NaOH by 
CO, when titrating the excess of acid used. This 
method has been widely tested and found so reliable 
that it is regarded as the umpire method by which to 
check other procedures. It does require some attention 
to certain details, such as avoiding too large an excess of 
HCl, some of which may be volatilized during the boil- 
ing (H2SO, is sometimes used to avoid this difficulty), 
and boiling long enough to remove the CO, (three to five 
minutes is ample to reduce this to a negligible amount). 
Under these conditions one may use either phenol- 
phthalein and titrate to a pH of 8.5, or methyl red and 
titrate to a pH of 5 to 5.5, obtaining accurate results in 
both cases if the NaOH itself is free of carbonate. The 
two main criticisms of this method are: (1) that the 
process of boiling out the CO, requires a moderate 
amount of time and some attention, and (2) that the 
volume of acid used is the difference between two sets 
of readings and thus an additional source of error is 
introduced. 

The third procedure depends upon the fact that 
when the first acid color is obtained a pH of 5 has been 
reached and some 97 per cent of the CO;—~ has been 
converted to HCO; with only 3 per cent left as HCO;~. 
On boiling, practically all the H:CO; is decomposed 
and removed as CO; lowering the concentrations of CO, 
plus H2CO; to less than 1 X 10~°. On titrating to the 
second acid end point 97 per cent of the remaining 
HCO;°~ is converted to H2COs, leaving only 0.0009 of the 
original CO;-~ as HCO;~. Since half the acid added is 
used in forming HCO;~ and the other half in chang- 
ing HCO;~ to H2COs, the actual incompleteness of the 
reaction would be half the above amount or 0.00045, 
about 1 part in 2000. Since the normal limit of ac- 
curacy in a volumetric titration is about 1 part in 1000, 
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it is clear that the error indicated would be negligible 
even in a standardization titration. 

It may be interesting to note that in the first decom- 
position of HzCO; the solution becomes alkaline. If 
one assumes that the concentration of HeCOs is re- 
duced to 1 X 10~* and that the [HCO;~] is approxi- 
mately 7.5 X 104, one may substitute these values in 
the ionization constant for H2CO; and calculate a 
corresponding value for [H+] = 4 X 10-*%. Actually 
if one takes into account the fact that at the boiling 
point HCO;~- undergoes some further hydrolysis to 
form H:CO; and CO;—~ the total loss of COz may be 
somewhat greater than that just indicated. 

This procedure has two advantages over the direct 
titration with methyl orange or bromphenol blue as 
indicator: (1) at the end point the solution is less 
buffered so that one drop of the standard acid pro- 
duces a more pronounced change in pH with corres- 
pondingly sharp color change, and (2) since the first 
end point is a preliminary value it may be overstepped 
by a few drops without harm and therefore the first 
stage of the titration may be carried out quite rapidly. 
Its main disadvantage lies in the nuisance involved in 
boiling out the COs. 

In the earlier experiments on removal of CO: from 
solutions of CO.-water by simple agitation it appeared 
that it might be feasible to follow the general principle 
of the third method and then, instead of boiling, to de- 
pend on reversed swirling for short periods of time to 
remove the CO, to a sufficient extent to permit com- 
pletion of the titration in practically an unbuffered 
solution. Direct experiments showed that this is en- 
tirely feasible and that the titration may be appreci- 
ably simplified and shortened in this manner without 
significant loss in accuracy. The procedure as finally 
developed for the titration of approximately 0.1 N 
NazCO; with 0.1 N HCl is as follows: 

Measure from a buret approximately 45 ml. of the 
NasCO; solution into a 250-ml. Erlenmeyer flask. Add 
2 drops of methyl red plus methylene blue indicator, 
and run in 0.1 N HCI with moderate swirling, past the 
neutral point to the first definite acid color. Next 
apply reversed swirling fairly vigorously for one minute. 
The color changes back to a clear green. Add 0.1 N 
HCI dropwise until the acid color is again restored. 
If more than 4 or 5 drops are needed, apply the proc- 
ess of reversed swirling again for one minute and note 
the color. If neutral or alkaline, add HCl dropwise to a 
barely acid color. Usually one drop will suffice. If, 
on swirling, the acid color persists and one fears that the 
end point has been overstepped it is now possible to 
back titrate with the NazCO; solution, picking off frac- 
tional drops to obtain a very accurate end point. It 
should be noted that if one were working with more 
concentrated solutions of NagCO; and HCl it would take 
somewhat longer to reduce the CO, to the low concen- 
trations obtained with the 0.1 NV reagents. 

The accuracy of this procedure may be seen in the 
following comparison of this direct method with the 
umpire method of treating with excess acid, boiling 


JourNAL OF CHEMICAL EpucaTION 


out the COs, and back titrating with NaOH. An ap- 
proximately 0.09 N NazCO; solution was prepared 
and 50-ml. samples were taken with a pipet for titra- 
tion with 0.1 N HCl. Kimball’s ‘‘normax’’ pipet and 
buret were used. Three drops of the mixed indicator, 
methyl red plus methylene blue, were added for each 
titration. In the direct titration using reversed swirling 
to remove the CO; the final end point was a slight red- 
dish purple, reached by taking half drops from the tip 
of the buret. The color was checked for stability by 
an additional minute of reversed swirling. In the other 
procedure excess of HCl was added, ranging from 
0.50 to 2.50 ml., the solution boiled gently for three 
minutes, then cooled in running water, and the excess 
acid titrated with a standard solution of NaOH. At 
the end point the faint reddish purple was barely dis- 
charged, using half drops as the end point was ap- 
proached. 

Five direct titrations with reversed swirling to re- 
move the COz used 44.52, 44.52, 44.50, 44.51, and 44.52 
ml. of the HCl. 

Five titrations in which the CO, was removed by 
boiling required 44.52, 44.54, 44.55, 44.52, and 44.57 
ml. of the HCl, after subtracting the excess acid as 
determined by titration with the NaOH. 

From the point of view of accurate technical analyses, 
this procedure is a little slower than the direct titra- 
tion using methyl orange or bromphenol blue, since 
time must be taken for the removal of CO2. However, 
it does permit the use of somewhat small samples and 
titration with 0.1 N HCl, while in the direct titration it 
is desirable to use larger samples and a more concen- 
trated reagent. In comparison with the other two 
methods discussed, there is a definite saving of time 
since the maximum amount of swirling was only three to 
four minutes while the process of heating to boiling, 
boiling three minutes, and then cooling to approxi- 
mately 40° required a minimum of nine minutes. In- 
cidentally, while studying the time of boiling, it was 
found that in one minute of gentie boiling 97 per cent 
of the CO, was removed, and 99 per cent in two min- 
utes. 

In the hands of a beginner, or a person who is only 
running a titration occasionally, the procedure just 
described has some definite advantages. It is not neces- 
sary to be overly cautious in reaching the first acid end 
point. If the solution remains acid after the first 
period of swirling merely run in enough more of the 
NazCO; solution to make barely alkaline and obtain 
the second acid end point by dropwise addition of the 
HCl. The main disavantage is that the process of re- 
versed swirling requires some practice so that it may 
be done smoothly without loss of the solution from 
spattering. The process of reversed swirling may be 
replaced if desired by passing a vigorous current of air 
through the solution for a similar period or, if the 
equipment is available, by the use of a good mechanical 
stirrer for a slightly longer period. 


(Continued on page 596) 
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Chemistry 
in the Army Specialized Training Program 


CAPTAIN NEIL W. HALKYARD 


Army Specialized Training Division, United States Army 


HE Army Specialized Training Program has been 

concerned chiefly with the training of enlisted 
men on active duty. It will be concerned in the future 
chiefly with the training of reservists. This shift in 
emphasis is part of the larger shift in the Army’s 
activities from preparation to action. 

Before December, 1942, a student’s education was 
largely or exclusively determined by his civilian in- 
terests. Since these interests did not necessarily 
coincide with the needs of the Armed Forces, some 
provision was required to assure that those needs would 
be satisfied by the training of the right men, at the 
right time, and in the right fields. In anticipation of 
the reduction of the age for Selective Service to 18, a 
plan had been prepared for the college training of men 
on active duty. This plan, announced by the President 
early in December, 1942, has been largely identified 
with the Army Specialized Training and Navy V-12 
programs. 

The Army builds upon the training its soldiers have 
had as civilians. Academic work at a university pro- 
fessional level is prerequisite to some Army training 
and assignments. The training and assignment of 
officers for military medical duties, for example, pre- 
suppose that they are graduates of medical schools. 
Training and assignment for other military duties pre- 
suppose education in engineering. 

Modern military equipment embodies abstract prin- 
ciples of science. The degree to which the equipment 
is understood depends upon the degree to which these 
principles are understood. It would be unreasonable, 
although desirable, to expect every soldier to possess a 
scientific understanding of the complicated mechanisms 
with which he works; but some soldiers must have this 
understanding. As many as possible should have as 
much as possible. ; 

In addition to professionally and technically trained 
men, the Army needs men for general military duties 
who have had the post-high-school academic training 
which fosters more than ordinary understanding and 
initiative. It is obvious that training in mathematics 
and physics beyond the high-school level is necessary 
for the understanding of much of the equipment used 
in the Army. It is less obvious, but no less desirable, 
that the soldier understand the historical and global 
aspects of the conflict in which he is involved and the 

1 Presented before the Division of Chemical Education of the 


American Chemical Society, 108th meeting, New York City, 
September 12, 1944. 





human complexities of the military community in which 
he works. 

Obviously, civilian medical schools can more readily 
provide medical training than can the Army itself. 
Similarly, the required training in various fields of 
engineering can best be accomplished in colleges and 
universities. Civilian institutions also have facilities 
for the more elementary and more general post-high- 
school training that is preparatory to professional or 
technical training and that enables men better to per- 
form any duties. 

The Army calls upon the civilian educational re- 
sources of the country to build up its supply of trained 
men just as it calls upon the country’s civilian industrial 
resources to build up its supply of material. Because 
Army arsenals are able to produce only a minor portion 
of the needed weapons, American industry has been 
called upon to produce the major portion, under con- 
tract and according to specifications. The Army’s own 
units and schools provide all but a small portion of the 
training it requires. As the Army has called upon in- 
dustry to supply material, it has called upon civilian 
factory and vocational schools, colleges, and univer- 
sities to provide the remaining portion, also under con- 
tract and according to specifications. 

With this brief background in mind, I shall now re- 
view for you the development of Curriculum B-60, the 
curriculum currently studied by the 17-year-olds 
(A.S.T.R.P.) and which supersedes curricula BE-1 and 
B-1. The subject-matter specialists who recommended 
the sequence in which the courses were to be presented 
were limited by certain conditions. The trainees, 
better than average graduates of our high schools, were 
to be given essential knowledge and skills in fields which 
were designated but only briefly defined. The time 
available was limited to three terms of 12 weeks each. 
The curriculum was to serve in the first two terms as 
common preparation for advanced training in engineer- 
ing, in medicine, and in dentistry. Nevertheless, the 
curriculum as a whole was to be a unit, since it was to 
be terminal for some trainees. Since the program was 
to be intensive, adjustments to make training more 
leisurely in one course could have been made only at 
the expense of other courses. The sequence of courses 
established was the best that the educators consulted 
could devise within the limiting conditions. 

This sequence for the three terms of Curriculum BE-1 
was as follows: 
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Contact Hours per Week 
Termi Term2 Term 3 
Mathematics 6 5 5 
Physics 7 ‘i 7 
Chemistry 3 6 0 
English, history, and geography 8 6 6 
Engineering drawing oO 0 6 


This provided for a total of 108 clock hours of in- 
struction in chemistry, 3 lecture demonstration hours 
per week the first term and 6 lecture and laboratory 
hours per week the second term. Some ingenious in- 
structors working together correlated their instruction 
in mathematics, physics, and chemistry. Such re- 
ciprocation between instructors proved highly success- 
ful. Others, less ingenious, taught as much of their 
regular first semester course as was possible in the 36 
hours allocated to chemistry in Term 1. Others 
tried to teach their regular first-semester course in its 
entirety. 

The criticisms that arrived varied considerably, as 
might be expected. That a laboratory period was 
desirable was appreciated by the Army Specialized 
Training Division but at the time BE-1 was written 
the three hours of lecture demonstration per week 
were prescribed because many institutions were con- 
vinced that laboratory in any elementary course could 
be replaced by demonstration. This would save 
valuable time and the educators and subject-matter 
specialists all agreed that in the best interests of the 
Army and the purpose for which chemistry was placed 
in the curriculum the chemistry course in Term 1 should 
be prescribed without the laboratory. 

The demand for detailed outline and syllabi was dis- 
couraging. In the first place, the War Department has 
no intention of interfering with the latitude which 
college instructors are allowed in the presentation of 
their subject. In the second place, the chemistry out- 
line written by the consultants was stated in broad 
terms, because they felt that each institution would 
need leeway to experiment in developing a good three- 
hour-per-week elementary chemistry course. The dis- 
couraging factor was not the plea for help and clarifica- 
tion of objectives but the obvious lack of initiative and 
imagination on the part of some instructors, which was 
shown in such typical questions and comments as: 

The course outline does not agree at all with the text 
currently used by this institution and we preferred to 
follow the text. 

Chapter three in the text used by this institution is 
not suggested in the A.S.T.P. course outlines until the 
second term. 

It is absolutely impossible to teach chemistry without 
a laboratory period. 

Would it be satisfactory to teach as much of such 
and such a text as is possible in the 36 hours in Term 1? 

Must all the suggested laboratory experiments in 
Term 2 be accomplished? 

These questions and comments are not repeated as a 
slur on the abilities of instructors but to show that the 
purpose of the course was misunderstood by them. 
Chemistry was made part of the curriculum not as a 
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subject designed to make chemists, but first, as an 
indicator course to find the potential abilities of pre- 
meds and predents who were to be selected at the end 
of Term 2; and second, for the general principles of 
chemistry that would prove beneficial to any soldier in 
the field. 

In February, 1944, Curriculum BE-1, the original 
basic-phase curriculum was revised and renumbered. 
The course outlines were altered to include the proposals 
and criticisms which had been sent in. Curriculum 
B-1, as this revision was numbered, did not allow more 
time for chemistry, however, nor did it include a labo- 
ratory period in Term 1. The fact that the majority 
of the institutions were experiencing real success with 
their three-hour-per-week lecture and demonstration 
chemistry course did not warrant the addition of the 
laboratory period. 

Curriculum B-60, which is a revision of B-1 and is 
the basic curriculum now in effect, does include a two- 
hour laboratory period for chemistry in Term 1. The 
laboratory period was added because premed and pre- 
dent students, although they knew their basic chem- 
istry, were handicapped by a lack of laboratory tech- 
niques necessary in the analytical work of their cur- 
ricula. The chemistry in Terms 1 and 2 now provides 
for 132 hours, an increase over the original 108 by 24 
hours. The new curriculum has made the majority 
of the instructors happy and the curriculum as a whole 
has been most favorably received. 

It might seem that the chemistry course of the basic 
curriculum had arrived at that state where the majority 
of instructors felt that they can present their usual 
freshman chemistry course without compunction. 
I would, however, like to present the following facts 
which may again change the chemistry course in Cur- 
riculum B-1: 

1. The A.S.T.P. will no longer screen E.R.C. 
students (the reservists between the ages of 17 and 18) 
for premedicine or predentistry. 

2. No man after induction into the A.U.S. is eli- 
gible for assignment to the basic curriculum. He must 
be eligible for the engineering curricula or for area and 
language studies. 

3. Only a handful of enlisted men are called upon 
to perform their military duties in the laboratory. 

I do not say that the chemistry course will be changed 
but the facts are indicative. It will be noted that the 
purpose for which chemistry was placed in the cutric- 
ulum no longer exists (no future enrollment of new train- 
ees in premedicine or predentistry). This and the 
fact that very few men are called upon to use the 
techniques of the laboratory are weighty in the eyes of 
the curricula experts. 

The trend of thought in the Curricula and Standards 
Branch of the School Division relative to the place of 
chemistry in the curriculum is pointing toward a general 
background course which would lay the foundations 
for the intelligent use of explosives, fuels, lubricants, 
foods, water supply, protective coatings, solvents, 
etc. It would be a course that has its roots in chem- 
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istry and that cuts across its entire field. Laboratory 
periods would be devoted to a new type of experiment 
that would be explanatory in nature rather than qual- 
itative or quantitative. 

I am not aware that such a course is now offered at 
the college level. The Director of Military Training, 
A.S.F., and the Director of the School Division (form- 
erly Army Specialized Training Division), Office of the 
Director of Military Training, A.S.F., would appreciate 
any suggestions you might care to submit concerning 
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a course as just outlined. The suggestions would be 
most helpful if they described the possibilities of such a 
course, the time necessary, and the type of problem 
to be discussed, and not a justification of chemistry 
as itis now offered. This latter point must be kept in 
mind when it is remembered that the objective for 
those men who will not continue beyond the basic 
curriculum is an acquaintance with sufficient math- 
ematics and science to make the maximum effective 
use of military equipment. 


Recent Chemical Patents 


WILLIAM S. HILL 
Member, Examining Corps, United States Patent Office 


Stabilization of Soil. No. 2,357,124. Abraham B. 
Miller, decd., assignor to Hercules Powder Com- 
pany, Inc., Wilmington, Delaware. 

Soil stabilization deals mostly with the treatment 
of soils to make them more suitable for road building. 
Many soils have one or more natural deficiencies which 
must be corrected. Sore of the factors which are 
improved are poor resistance to heavy loads, moisture, 
and frost heaving. . 

One way that has been proposed to stabilize soils 
is to blend those of various particle sizes and physical 
and chemical properties. An example would be a 
blend of various silts and clays. Another way is to add 
various chemical agents such as deliquescent materials, 
sulfite liquor concentrates, distillery wastes, or bi- 
tuminous emulsions. 

The present patent describes a method which in- 
cludes mixing with the soil an aqueous suspension of 
tall oil and pine wood resin saponified with sodium or 
potassium hydroxide. The pine wood resin is prac- 
tically insoluble in petroleum hydrocarbon and is 
usually obtained from pine wood stumps from which the 
volatile constituents have first been distilled. The 
resin. along with the wood rosin is extracted with 
benzol or toluene and the wood rosin is then extracted 
from the mixture with gasoline. 

The stabilizing mixture usually contains more resin 
than tall oil and may be added to the road soil by sprink- 
ling over the surface, pouring in plowed furrows, or 
spreading on the subgrade in two- or three-inch lifts. 
The amount of mixture needed to treat a road surface 
satisfactorily will usuaily vary from 1 to 10 per cent 
by weight, depending upon the type of soil. 


Process for the Manufacture of Strontium Peroxide. 
No. 2,357,655. August Hummel, e¢ a/., assignors to 
Hummel Chemical Company, Inc., New York City. 
Strontium peroxide is a well-known chemical because 

of its use in the production of red flames in pyrotechnic 

and military compositions. It has gone to war as an 
ingredient of tracer bullets. 


Strontium peroxide is known to exist in several forms, 
one of which is very light and fluffy, while another con- 
sists of discrete particles of granular or sandy character. 
The present process deals with the production of the 
latter type. 

To a saturated water solution of strontium nitrate 
an equivalent amount of sodium peroxide is gradually 
added. The temperature of the reaction is kept below 
135°F. by any convenient means in order to avoid 
decomposition of the strontium peroxide which is 
formed. The equation representing this reaction is: 


Sr(NOs)2 i Na.O, — xH,O => SrO,-xH.O a 2NaNO; 


At this point the strontium peroxide is in a complex 
hydrated form. The hydrated peroxide is then dried 
and sintered. The sintering operation should take 
place as quickly as possible to avoid excess loss of oxy- 
gen. One example is to heat at 350°F. for 10 minutes. 
This results in a mass of hard irregular lumps contain- 
ing about equal amounts of strontium peroxide (an- 
hydrous) and strontium oxide. The ratio will vary 
with time and temperature of heating. ‘ 

To separate the two compounds the heated mass is 
quickly plunged into a large volume of water. This 
changes the oxide to the hydrated form which is water 
soluble. The peroxide settles to the bottom and does 
not dissolve. The process is completed by pouring 
off the water and vacuum-drying the peroxide. The 
strontium hydroxide solution may be treated with 
hydrogen peroxide to convert it to the hydrated per- 
oxide and this may be converted to the anhydrous form 
as described above. 


Determination of Tin in Cast Iron and Steel. No. 
2,357,429. Edward T. Saxer, Brecksville, and 
Robert E. Minto, Cleveland, Ohio. 

This patent describes in detail a new method of 
simplifying a troublesome determination. 

The sample is dissolved in boiling HCl. To this 
solution is then added ammonia and ammonium chlo- 
ride until a precipitate of ferric hydroxide just starts to 
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form. This is filtered, the precipitate is redissolved 
by washing the HCl, and the washings added to the 
original filtrate containing the tin. The tin is reduced 
with a material known as ‘“‘Stanreduce.” This is pre- 
pared by melting together 10 per cent of antimony 
and 90 per cent of iron, and pouring the melt in a thin 
stream into cold water. The resulting brittle alloy is 
then crushed and ground to about 50 mesh. 

The iron-antimony reagent reacts with the HCl to 
give off hydrogen, which reduces the stannic chloride 
and provides a nonoxidizing atmosphere. 

Starch solution is added to the tin-containing liquid, 
which is then titrated immediately with standard po- 
tassium iodate solution to a deep permanent blue. 


Hardening of Photographic Gelatin. No. 2,359,217. 
Charles S. Hollander, assignor to Rohm and Haas 
Company, Philadelphia, Pennsylvania. ° 
This is an invention which should interest any 

chemist who dabbles in photography. 

It is of course well known that many substances have 
been used successfully for toughening or hardening the 
gelatin layer on plates or films. Among these ma- 
terials are formaldehyde, potassium alum, and potas- 
sium chrome alum, but the first two are of no value in 
permanent hardening and the third acts too slowly. 

The method described in the present patent includes 
the use of chromium sulfate having a basicity between 
30 and 55 per cent, such that a 1 per cent solution thereof 
has a pH of 3.3 to 3.9. The basic chromium salt is 
prepared by cautious addition of sodium hydroxide to a 
solution of normal chromium sulfate until the desired 
basicity is reached. What happens in effect is that 
part of the sulfate ion is replaced by hydroxy] ion. 

The basic chromium sulfate solution is preferably 
made up to 20 per cent strength and may be diluted as 
needed to form a hardening bath containing 0.5 to 10 
per cent of the salt. It serves both as a “‘short stop’’ 
bath and as a hardening bath. 

The patent further describes how the bath is used 
and the inventor states that its advantage is that 
stable stock solutions may be produced which are 
readily adjusted to desired concentrations for acting 
on photographic gelatin. There are no complicated 
formulas which must be made up just before use. 


THE CARBON DIOXIDE PROBLEM IN NEUTRALIZATION TITRATIONS 


By way of summary, the following points may be 
made: 

1. In distilled water in equilibrium with ordinary 
pure air the amount of COs is so small that it does not 
need to be removed in preparing 0.1 N NaOH solutions. 

2. Samples of distilled water are easily tested by 
direct titration with 0.1 N NaOH using phenolphthalein. 

3. On prolonged exposure to the air alkaline solu- 
tions may take up a considerable amount of CO, with 
formation of HCO;~ and CO;—~. 

4. COs, dissolves rather slowly from the air even 
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Bar Soap. No. 2,358,976. Harold G. Houlton, as- 
signor to The Procter and Gamble Company, Cin- 
cinnati, Ohio. 

Anyone unfortunate enough to live in the hard-water 
districts of our country does not need to be told about 
the white curd or scum that forms on the surface of 
the water when ordinary soaps are used. This ob- 
jectionable deposit consists mostly of insoluble calcium 
and magnesium salts and forms the well-known “‘ring”’ 
around the bath tub or wash basin as well as the ‘‘tattle 
tale gray’”’ on clothes. 

The soap described in the present patent is stated to 
be an economical, mild, substantially ‘‘unbuilt’”’ bar 
soap, which will largely disperse the insoluble calcium 
and magnesium salts of the fatty acids and thus 
minimize the formation of scum. The curd dispersion 
is said to last long enough for ordinary washing. 

One of the examples given describes manufacture of 
the soap by saponifying 16.7 parts of coconut oil and 
83.3 parts of tallow and making up into a kettle soap. 
To 100 parts of this kettle soap are added 43.1 parts 
of mixed fatty acids from tallow and just enough 
caustic potash solution to saponify these fatty acids. 

Another main advantage pointed out is that this 
soap has both low glycerin content and low coconut 
oil soap content and can be-made without “‘builders”’ 
such as sodium silicate and sodium phosphate. 


Treatment of Phosphorus. No. 2,359,243. John C. 
Pernert, assignor to Oldbury Electro-Chemical 
Company, Niagara Falls, New York. 

Since red phosphorus is found on the shelf of any 
high-school chemistry laboratory, this patent should 
be of interest to all chemistry teachers and pupils. 

The chemistry teacher is prone to forget that red 
phosphorus, itself not very dangerous, changes slowly 
when exposed to air to its much more potent relative, 
white phosphorus, and also gradually oxidizes to form 
acids of phosphorus. 

The patentee tells how red phosphorus may be 
stabilized against oxidation. His method of treatment 
is to prepare a solution of sodium or potassium alu- 
minate in water, mix the red phosphorus therein, aerate 
for several hours, and finally remove the phosphorus 
from the water and dry. 


(Continued from page 592) 


in alkaline solutions, so that only small errors are 
introduced in titrations carried out at ordinary speed 
with phenolphthalein as indicator. 

5. When a carbonate is titrated to HCO; this 
solution will lose CO, slowly even on quiet standing 
and quite rapidly if violent agitation is employed. 

6. By using reversed swirling it is possible to carry 
out a fairly direct titration of carbonate to carbonic 
acid, using methyl red, or methyl red plus methylene 
blue as indicator, and obtain a sharp end point in a 
practically unbuffered solution. 
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6 inenneg has just appeared a new account of another 
source of ascorbic acid, or vitamin C. Until re- 
cently the fruit or “‘hip”’ of the rose has been considered 
to have the highest content of this material of any other 
natural product, but now it is reported that from ynripe 
walnut husks at a certain stage in their development, 
an even larger quantity of vitamin C may be extracted. 
The account comes from Russia and it is not apparent 
whether this is peculiar to the Russian variety of the 
walnut. 


e@ The term “vitamin alloys’ has been applied to 
certain types of steel which contain small quantities 
of particular elements which give the steel desirable 
properties. 
from its proper field to another in which it is practically 
meaningless is a step greatly to be regretted. Anyone 
who knows anything about the origin of the term will 
be somewhat irritated by the use of ‘‘vitamin” in any 
such sense as this. 


@ We recently received an announcement from a firm 
entitled ‘‘Forrester and Marshall, Chemists,’’ which 
offered to chemistry students ‘‘general assistance by 
correspondence.’ The most amazing.part of it, how- 
ever, was the announcement: ‘Text problems solved 
(please indicate book used).’’ Apparently this is not an 
ordinary tutoring school. It evidently offers to do 
all of the work for the students. It would take some 
effort to convince us that there is a proper place in 
chemical education for such a thing as this. 


e A beautifully illustrated booklet has been issued by 
the Koppers Company, Pittsburgh, Pennsylvania, 
which describes the history, development, and use of 
the Koppers-Becker coke oven. The illustrations alone 
make it a desirable addition to a library. 


@ More than 13,760,050 American workers, by 
September 1, 1944, had received special training for 
war production, which should equip them for greater 
industrial productivity and add to the total productive 
capacity of the nation in postwar years. 

This is based on information furnished by the War 
Manpower Commission, the U. S. Department of 
Labor, and the United States Office of Education, 
Federal Security Agency. 

Training of U. S. war workers has been carried on 
under six programs conducted or coordinated by 
WMC’s Bureau of Training. 

1. A total of 6,756,339 men and women have re- 
ceived either pre-employment training or supple- 
mentary training under Vocational Training for War 
Production Workers. 

2. The Food Production War Training Program, 
conducted through vocational agriculture schools, 
had 3,207,205 enrollments. 

3. The Engineering, Science, and Management 


Such transplantation of a technical term ¢ 


War Training program, given in selected colleges, had 
1,583,256 enrollments. 

4. <A total of 1,440,494 men and women super- 
visors in approximately 1500 plants throughout the 
country have been trained under a Training Within 
Industry program. 

5. During the four-year period ended June 30, 
1944, the Apprentice Training Service, cooperating 
with industry in the setting up of organized programs 
of apprentice or advanced worker training, served 
43,050 plants. (No figures are available on the total 
trained under this program, but it is conservatively 
estimated that it will number well over 1,000,000.) 

6. During 1942 and 1943 fiscal years, the National 
Youth Administration, which is no longer in existence, 
provided industrial training for 772,756 persons in 
cooperation with the U. S. Office of Education and local 
vocational schools. 

In addition, Visual Aid for War Training, a unit of 
the U. S. Office of Education, has produced close to 
150 motion pictures and film strips, of which 120,781 
prints have been purchased by industry and schools 
and used in war training programs. Some 350 more 
visual aid units are now in production and will be avail- 
able shortly. 

Many thousands of men in the armed forces have 
been trained in types of skill that will prove useful in 
industrial, mechanical, business, transportation, and 
other fields upon their return to civilian life. 


@ Prospective supplies of nitrogen and phosphate 
fertilizers for use on 1945 crops have declined since 
midsummer, as a result of greatly increased military 
use of materials required for manufacture of those 
fertilizers, but substantially increased supplies of potash 
are expected to be available, the War Food Admin- 
istration has reported. ‘ 

The nitrogen supply now regarded as certain is 
588,000 tons. This includes the nitrogen in 850,000 
tons of Chilean nitrate (16 per cent nitrogen) for which 
shipping priority has already been granted. The 
amount of nitrogen now regarded as ‘‘certain”’ for this 
year is approximately 43,000 tons less than was used 
for fertilizer last year (1943-44), but 220,000 tons more 
than average consumption in 1935-39. 

Officials said that 7,000,000 tons of superphosphate 
(18 per cent equivalent) is ‘‘in sight,” compared with 
7,600,000 tons last year. The phosphoric acid content 
of this year’s superphosphate supply is 1,260,000 tons 
compared with the 1935-39 average consumption of 
758,000 tons. 

The supply of potash (K,O) will be materially larger 
than last vear, when a record amount was consumed. 
Officials expect 725,000 tons of KO, as compared with 
604,000 tons last year and 1935-39 average consump- 
tion of 373,000 tons. The increase this year is ex- 
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pected to be in the form of muriate (potassium chloride) 
rather than sulfate of potash. 


@ Faxfilm is the latest method of surface inspection 
and comparison. The process is simple. By the use 
of a solvent, one surface of a plastic film is softened 
enough to permit the making of a contact replica of any 
surface. This small piece of film is mounted in a card- 
board frame which fits any standard projector where it 
can be enlarged 100 diameters or more, and shows all 
contours in three dimensions. The film can be filed for 
future record, if desired. 

The illustration shows a machine-finished steel bar, 
finished to 250 RMS. The enlargement is to 100 di- 
ameters. 





FAXFILM 


e@ How to heat, not cool, lubricating oil used in the 
jet plane power plant was one of the unusual problems 
confronting General Electric design engineers who per- 
fected the first successful aircraft gas-turbine engine 
for jet propulsion in this country. 

The reason is that there is only one major moving 
part in the unit, and because that rotates without ajj- 
preciable vibration it can be supported on antifriction 
bearings. 

As a result, heat rejection to the oil is very low. An 
oil heating system with thermostat control was devised 
to maintain the oil at proper temperature under varying 
degrees of cold at high altitudes. 

Oil consumption is negligible, and the amount of 
lubricating oil required by the jet propulsion gas tur- 
bines is, therefore, small—being 15 per cent or less 
than that required in other aircraft power plants. The 
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entire lubricating system is integral with the gas- 
turbine engine, and there are no complex cooling 
mechanisms, oil coolers, or large oil tanks involved. 

Likewise, cooling of the gas-turbine engine itself is a 
simple matter, and provided for as an integral part of 
the design. Moreover, air required for cooling the unit 
is as little as 2 per cent of the total taken in for opera- 
tion. 

Inherent simplicity features such as these greatly 
facilitate production and operation of the jet gas tur- 
bine. The power plant is a “packaged” unit which is 
installed easily. Inasmuch as it operates without ap- 
preciable vibration it can be tied right to the airframe. 
Operation-wise, relatively few gages and instruments 
face the pilot in the cockpit, and there are no propeller 
or fuel mixture controls. The gas-turbine engines will 
burn either kerosene, automobile gasoline, or aviation 


high-test without any major changes being required. 


Since combustion is continuous, expensive high-octane 
fuels are not needed, and cheaper fuels are preferred. 


@ Speaking before The Magnesium Association, Dr. 
Willard H. Dow told the first meeting ever held of the 
producers and fabricators of the metal that ‘‘magnesium 
holds within itself a greater power to increase wages 
while at the same time decreasing costs than do all the 
laws and all the politicians on earth. For real wages, 
let me remind you, can never be more than temporarily 
increased by law. They can be increased only by 
science.”’ 

Looking to the future of the metal, Dr. Dow declared 
that magnesium was more than a metal—that it was 
a “social force.’ He said, “If we raise our sights a 
bit, we shall see less of the difficulties and more of the 
opportunities. The steam engine, followed by the 
electric motor, gave to man a strength of hand which 
permitted him to do what human hands could never do. 
It is this added strength that built civilization. Now 
we have the opportunity to make another great advance 
by taking much of the weight out of moving parts and 
thus multiplying the effectiveness of the artificial power 
which is at our command. We are not just playing 
with a metal; we are commanding a social force. Man 
is carrying excess weight and wasting his effectiveness 

It is steel that has permitted the extension of 
mechanical power aud the broadening of the effective- 
ness of human labor. Iron fulfilled a great mission, 
but it was too weak and bulky to compete with steel. 
Magnesium has only a quarter of the weight of steel. 
The trend in steel is toward high-strength alloys which 
permit lighter weight construction. We have not as 
yet any magnesium alloys which are as strong as the 
strongest steel alloys, but we have magnesium alloys 
which, if they are pressed into service, will revolutionize 
modern construction. Magnesium is the natural and 
I believe the inevitable material of construction for any- 
thing that has to be moved.” 


e A scientific fungus farm—one of the first of its 
kind—has been established at General Electric’s Sche- 
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nectady Works Laboratory so that engineers, by study- 
ing the characteristics of the mysterious growth, may 
prevent its interfering with the best performance of 
war equipment. 

Fungus growth collects from spores which crowd 
the air. After settling on a surface, they collect in 
soggy colonies. These are what menace delicate equip- 
ment. Tuey feed on the insulation wrapping of wires, 
often short-circuiting important connections. They 
clog machinery. And they give off a by-product which 
forms an acid strong enough to corrode metallic and 
electrical parts. 

There are 200 varieties of the spongy fungus mold. 
One of these gave science the magical new drug peni- 
cillin. Like mushrooms, fungi thrive in warm, 
moist places, do not need light. Their distribution 
is apparently not limited to definite areas, for wind 
carries them so easily that under the right conditions 
any type might appear at any place. 

In the tropics, where the atmospheric conditions 
are especially to their liking, the fungi flourish and 
often disrupt essential equipment. To protect it, the 
Army Signal Corps has set up specifications for ma- 
terials to be used and has encouraged research on ways 
to prevent the colonies from thriving. 

Scientists are experimenting with new-type waxes, 
lacquers, and varnishes to develop one that will have 
a toxic effect on the growth. Their purpose is not to 
kill off the fungi, which now seems highly improbable, 
but to arrest their development in the early stages and 
prevent their clustering into colonies. 

Research has shown that the colonies can be arrested 
naturally under certain conditions. Thus they can 
be prevented from forming if the humidity is held be- 
low 75 per cent of the atmosphere, if the equipment is 
enclosed in water-tight cases, or if the surface is kept 
spotlessly free of dust. 

Since these natural conditions are almost impossible 
to regulate in theaters of war, however, most research 
is trying to develop a powerful fungicide that will 
penetrate the walls of the spores, stop their growth, 
and prevent the mold from beginning. 


e@ Plastic foam weighing only one-seventh as much as 
cork has been developed and is being manufactured 
for important war uses by United States Rubber Com- 
pany. 

Important peacetime uses foreseen include insula- 
tion for trains, airplanes, automobiles, and homes. 
In lifesaving equipment such as life preservers and floats 
and as buoyancy units on pleasure craft, this plastic foam 
will provide extreme buoyancy with minimum weight. 

Although it has great buoyancy, it is semi rigid. 
Because it contains so much air space, it has good in- 
sulation and sound-deadening properties in com- 
parison to its weight. It weighs less than a pound and 
a half a cubic foot and can be made to weigh as little 
as three-quarters of a pound per cubic foot. 

To produce the new and different war material, a 
combination of synthetic plastic materials are foamed 





PLASTIC FOAM WEIGHING ONLY ONE-SEVENTH AS MUCH AS 
Cork Has BEEN DEVELOPED AND IS BEING MANUFACTURED FOR 
IMPORTANT WAR USES BY UNITED STATES RUBBER COMPANY. 
IMPORTANT PEACETIME USES FORESEEN INCLUDE INSULATION 
FOR TRAINS, AIRPLANES, AUTOMOBILES, AND Homgs. IN LIFE- 
SAVING EQUIPMENT SUCH AS LIFE PRESERVERS AND FLOATS 
AND AS BUOYANCY UNITS ON PLEASURE CRAFT, THIS PLASTIC 
FoAM WILL PROVIDE EXTREME BUOYANCY WITH MINIMUM 
WEIGHT. 


and then solidified. The new product is called floto- 
foam because of its buoyancy. 


e@ A pioneer work-study plan, geared to aid employed 
college and university graduates who desire to obtain 
advanced degrees, begins its 18th year in Pittsburgh 
this week. 

Approximately 250 employees of the Westinghouse 
Electric and Manufacturing Company are starting 
night classes which may lead to Master of Science or 
Doctor of Philosophy degrees in the fields of electrical 
engineering and business administration several years 
hence and will train them for leadership. Since the 
inception of the plan in 1927 by Westinghouse in con- 
junction with the University of Pittsburgh, 108 students 
have received Master of Science degrees and seven 
have been awarded Doctor of Philosophy degrees. 


e@ Exhibited at the National Metal Congress in Cleve- 
land for the first time, a new Geiger-counter x-ray 
spectrometer has been announced by North American 
Philips Company, Inc., 100 East 42nd Street, New York 
City. 

(Continued on page 614) 








The Second Law and the Carnot Cycle 


W. F. LUDER 


Northeastern University, Boston, Massachusetts 


INTRODUCTION 


N a previous article on entropy and free energy! the 

desirability of reducing. the emphasis given to the 
Carnot cycle in thermodynamics for chemists was men- 
tioned. Since the chemist rarely uses the formula for 
the so-called efficiency of a heat engine, the time de- 
voted to a thorough discussion of its derivation is 
wasted. 

However, there is one use to which a very brief dis- 
cussion of the Carnot cycle may be adapted: clarifica- 
tion of the meaning of the Second Law of thermo- 
dynamics. Most beginning students have considerable 
difficulty getting a concrete idea of what the Second 
Law really means. Some of them even think that it is 
derived from a consideration of the Carnot cycle. This 
situation is not remedied when the student consults a 
variety of textbooks. He finds a half dozen different 
statements of the law. Some of them are even given in 
terms of the increasing entropy of the universe. This 
idea is not the Second Law, but only one of its conse- 
quences. 

After a brief introduction dealing with heat engines, 


1 LuUDER, THIS JOURNAL, 21, 265 (1944). 
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Area 12341 = { pdv = w,. v 
FIGURE 1 


the Second Law may be stated unequivocally as the 
summation of our experience with such engines. The 
Carnot cycle is then used as one simple example to help 
fix a concrete picture in the student’s mind so that the 
words of the law acquire real meaning for him. 


HEAT ENGINES 


To be of practical importance, heat engines must 
operate in cycles. Examination of all known heat 
engines shows that only part of the heat absorbed by the 
working substance during one stage of the cycle is con- 
verted into work. Some heat is always given off by the 
working substance at a temperature lower than that 
at which heat is absorbed. Therefore, even in the 
most efficient engine (a reversible one) 


Ww=a—- Hh (1) 
where 
gz = heat absorbed by the engine at 72 
and 
—gi = heat evolved by the engine at 7; 
and 


T2 > T; 


Equation (1) is of course only another example of the 
First Law: 


AE=q-w (2) 


since for one cycle AE is zero. 

Suppose we let g2 remain constant at constant 72 and 
observe what happens when 7; is made to approach 7>. 
When this is done, it is found that for all known cycli- 
cal heat engines the amount of work obtainable ap- 
proaches zero. ‘These experimental facts are sum- 
marized in the Second Law: the amount of work ob- 
tained from a fixed quantity of heat given up to a heat 
engine operating in a reversible cycle between two tem- 
peratures approaches zero as the temperature difference 
approaches zero. This is the statement of the Second 
Law of most direct interest to the chemist since it is 
the most convenient form to use in deriving the condi- 
tions for equilibrium.’ 

It is interesting to note at this point that if w, ap- 
proaches zero as 7; approaches 72, the First Law re- 
quires [Equation (1)] that gq, approach q (disregarding 


signs). The pertinent facts about heat engines then 
can be summarized by the following device: 
as T; —> LF api : (3) 





2 For amplification of this statement the previous paper should 
be consulted. 
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THE EXAMPLE OF THE CARNOT CYCLE 


The Carnot cycle is here considered as merely one of 
the simplest examples of the experimental behavior of 
heat engines as summarized in the Second Law. After 
the previous discussion Figure 1 is almost self-explana- 
tory. The work done during the four stages of the 
cycle is the work done by the engine in the first two 
stages (the area under the curve 1, 2, 3) minus the work 
done on the engine in the last two stages (the area under 
the curve 3, 4, 1). This is the area bounded by the 
complete curve. Now if 7, is made to approach 7} 
by degrees 7;’, 7,", T,’’’, etc., the area of the figure 
obviously decreases until, when 7; is equal to 7», it is 
zero. Thus the student gets a clear picture of the 
meaning behind the words of the Second Law. 

So far as the student chemist is concerned, no further 
discussion of the Carnot cycle is necessary. (The deri- 
vation of the equation for the “efficiency” of heat 
engines might be assigned as outside work.) However, 
some instructors may desire at this point to refer 
briefly to the historical origin of the concept of entropy. 
This can be done readily by rearranging (3) as follows: 


as Ws —o{# > BE (4) 
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This leads the student to suspect that perhaps: 


1 2 - 

ia 6) 

so that it seems reasonable to him when he is told that 

such is found to be the case. The concept of entropy 

need not bother him at this point if he is taught to re- 

gard AS; and AS»: merely as abbreviations for g,/7) and 
q2/T2 applied to the system for a reversible change. 


CONCLUSION 


The most directly usable statement of the Second Law 
for chemists is: the amount of work obtained from a 
fixed quantity of heat given up to a heat engine operat- 
ing in a reversible cycle between two temperatures 
approaches zero as the temperature difference ap- 
proaches zero. 

The relevant facts can be summarized by a graphic 
device: 

all ied sc Pen rd 

The Carnot cycle is best used as a pictorial illustra- 

tion of the meaning behind the words of the law. 


AN APPARATUS FOR THE DETERMINATION OF SURFACE AND INTERFACIAL TENSION 
(Continued from page 582) 


Continue the addition of liquid from the buret so that 
the pressure increases until bubbles form slowly and 
break away. Record the maximum pressure developed 
during the formation of the bubble. This is Jaeger’s 
method for determining surface tension by the bubble 
pressure method. The value of 2y/r may be calculated 
from the following equation: 


to 


Y ‘ 
<1 = P — hdg (2) 
where (P) is the pressure in dynes/cm.* recorded by the 
manometer, (h) is the depth that the capillary tip is 
located below the surface of the liquid, (d) is its density, 
and (g) is the acceleration of gravity. 

The values of 2y/r obtained by the different meth- 
ods agree within 5 percent. If 7 is known, it is possible 
to determine y, the surface tension. One may deter- 
mine ¢ by calibrat . the capillary with a liquid of 
known surface tension or with a cathetometer and mer- 
cury thread. 

The interfacial tension of two mutually saturated 
immiscible liquids may be measured with reasonable 
accuracy and rapidity. Suppose the interfacial tension 
of benzene and water is to be determined. It is first 
necessary to measure the capillary rise for benzene 
saturated with water, from which the value of 2y,/r is 
calculated. However, if the value of 7 is known from 
previous measurements and if the surface tension of 
benzene is known, 27;/r may be calculated. The ex- 
perimental value is more reliable, especially if the two 


substances are somewhat soluble in each other, as is the 
case for aniline and water. 

Water is placed in the large test tube and the capil- 
lary is placed in it to a known depth. The rubber 
tubing, E, is disconnected and a small hand bellows is 
connected to the outlet, D. The purpose of this is to 
force the water up the capillary into the ‘‘well.”’ Ben- 
zene is then blown out into the well from a micro capil- 
lary, and upon disconnecting the hand bellows the 
liquids recede in the capillary. Sufficient benzene 
should be used to form a column which is 2 to 4 cm. long. 
The length of the column of water and benzene should 
be measured. 

The interfacial tension 7,2 may be calculated from 
the following formula: 

an = (hw dw + hads)g — a (3) 
In the above formula, h,, and fg are the lengths of the 
columns of water and benzene, respectively; d, and 
dz are the densities of the aqueous and benzene phases, 
respectively, at equilibrium; and (g) is the acceleration 
of gravity. 

The above experimental procedure may be modified 
somewhat. The rubber tubing, £, is connected to the 
capillary after the above procedure has been carried 
out and then the pressure which is required to force the 
interface down to the level of the main body of liquid is 
measured. 

The author wishes to thank Mr. Harold Wilson for 
supplying the drawing. 








Here and There in the Trade Literature 


HE Esso Oilways (Penola, Inc., 26 Broadway, 

New York City) is perhaps scarcely the place where 
one would look for an article on penicillin. Never- 
theless, the October, 1944, number contains an ex- 
cellent article on this subject, well illustrated, which de- 
scribes the production of this substance in the Lederle 
Laboratories. Another article in the same number 
describes the use of a new type of aviation instrument 
oil which is used in several of the modern aviation in- 
struments. 


Another article on penicillin is to be found in the 
September, 1944, number of the Squibb Memoranda 
(E. R. Squibb and Sons, 745 Fifth Ave., New York 
City). This article describes particularly the use of 
penicillin in the prevention of infection of wounds. 


The Autumn number of the Interchemical Review 
(Interchemical Corporation, 432 West 45th St., New 
York City) contains, like all the preceding numbers we 
have seen, much that is of chemical interest. The 
first article in this number is entitled, ‘‘Particle size 
analysis,’ an important topic in colloid chemistry and 
physics. 


Of several articles in the September number of The 
Lamp (Standard Oil Company of New Jersey, 30 Rocke- 
feller Plaza, New York City), one describes, ‘“Twenty- 
five years of research,” in the field of oil technology. 

Several pages of colored pictures also portray ‘Oil 
in the Indian theater.” 


The current number, vol. 8, no. 2, of The Process 
Industries Quarterly (International Nickel Company, 
67 Wall St., New York City) tells how vanillin, or 
synthetic vanilla, is recovered from lignin in waste 
sulfite liquor. 


One of the most recent and comprehensive accounts 
of the work of the Chemical Warfare Service and of the 
weapons which it has most recently developed is to be 
found in the Merck Report (Merck & Company, Inc., 
Rahway, New Jersey) for October, 1944. This article 
is authoritative, having been written by Major General 
William F. Porter, Chief of the CWS. 

Accompanying the Electromet Review (Electro Metal- 
lurgical Company, 30 East 42nd St., New York City) 
for October, 1944, is a spectacular color picture of an 
electric arch furnace in operation. 


What’s New (Abbott Laboratories, North Chicago, 


Illinois) continues its excellent series of reproductions 
of pictures by war artists, with a set on ‘“‘Naval med- 
icine’ in the September, 1944, number. Lucidentally, 
the same number contains a splendid ‘Story of blood 
plasma.” 


“Importance of research in postwar business,”’ is the 
title of a short article in the Copper Alloy Bulletin 
(Bridgeport Brass Company, Bridgeport, Connecticut) 
for October, 1944. 


Another account of the use of plastics in the produc- 
tion of modern military planes is found in the Septem- 
ber—October, 1944, Dupont Magazine (E. I. du Pont de 
Nemours and Company, Wilmington, Delaware). 
And there is also described, along the line of chemical 
warfare, the manufacture and use of cellophane as a 
protective agent against mustard gas attack. For- 
tunately, we haven’t as yet come to its actual use. 

Another article in this same number, in lighter vein, 
is a story of nylon and its appearance and disappearance 
amongst us. 


One interesting article in the current number, vol. 6, 
no. 4, of Steel Horizons (Allegheny Ludlum Steel Cor- 
poration, Brackenridge, Pennsylvania) tells of the 
process of recording sound on wire; another, entitled 
“Navigation with pinpoint accuracy,’’ describes the 
use of the new Gyro Flux Gate compass, which is going 
a long way toward revolutionizing aerial navigation. 


There are two articles of general chemical interest in 
the September, 1944, number of The Rohm & Haas Re- 
porter (Rohm & Haas Company, Washington Square, 
Philadelphia, Pennsylvania). One, on ‘‘Orotan,’’ de- 
scribes the use of this new substitute for vegetable 
tannin. Another tells of the new Redux method for 
bonding metal to metal and metal to wood, a process 
which is finding valuable application in the construc- 
tion of airplanes. 


In the October, 1944, number of the Industrial 
Bulletin of Arthur D. Little, Inc. (30 Memorial Drive, 
Cambridge, Massachusetts) are two short articles on 
the use of resins. The first of these describes the new 
type of contact pressure resins, which are liquids which 
may be heated to cause partial thickening or hardening 
of the resins, in which state they resemble thermo- 
plastics. The other article describes compreg, a wood 
impregnated with resin and then compressed, which is 
finding many uses in structural materials, etc. 
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The Use of Semimicro Technic 
in Organic Chemistry—V 


Catalytic Hydrogenation of Aldehydes and Ketones at Atmospheric Pressure 


NICHOLAS D. CHERONIS and NATHAN LEVIN 


Chicago City College, Chicago, Illinois 


N A previous paper! a general method for semimicro 
hydrogenation at atmospheric pressure was de- 
scribed, with particular application to the reduction of 
nitro compounds. The present paper describes the 
extension of this method to the reduction of carbonyl 
compounds. The reduction of aldehydes and ketones 
has been extensively investigated, and the literature*—!* 
cited does not include patents or catalytic hydrogena- 
tions at high temperatures and pressures. Though it 
has been possible to reduce aldehydes and ketones at 
pressures of 3 to 5 atmospheres, catalysts of high ac- 
tivity are required; furthermore, it has been observed 
that there is rapid decay in the activity of the catalyst, 
which can be somewhat offset by adding a promoter. 
To the authors’ knowledge the successful hydrogenation 
of the common aldehydes and ketones at atmospheric 
pressures, using a simple apparatus, has not been re- 
ported. Forresti® reported the rates of the hydrogena- 
tion of 1 ml. of acetophenone and benzophenone using 
an elaborate apparatus. From the velocity reported the 
time estimated for the reduction of 1 ml. of acetophe- 
none is 7 hours. 

Of the catalysts reported thus far in the present 
method of hydrogenation platinic oxide was found to be 
the most efficient. Fifty milligrams of the catalyst were 
in most cases found sufficient to reduce 1 g. of the nitro 
compound within 20 to 30 minutes. It was noted early 
in this work that the activity of the various lots of pla- 
tinic oxide varied widely. The activity can be measured 
qualitatively by noting the time required for the re- 
duction of a definite amount of p-nitrophenol. The end 
of the reduction is evident from the disappearance of the 


1 CHERONIS AND KOECK, J. CHEM. Epuc., 20, 488 (1943). 

2 Vavon, Compt. rend., 154, 359 (1912). 

3 VOORHEES AND Apams, J. Am. Chem. Soc., 44, 1897 (1922). 

4 CAROTHERS AND ADAMS, ibid., 45, 1071 (1923). 

5 FAILLEHIN, Compt. rend., 175, 1077 (1922); 177, 1118 (1923) ; 
182, 138 (1926). 

6 ZELINSKY AND TARASSOWA, Ber., 65, 1249 (1932). 

7 PARKENDORFF, Ber., 66, 872 (1933). 

8 DELEPINE AND Horgau, Compt. rend., 201, 1301 (1935); 
202, 995 (1936); Bull. soc. chim., (5) 4, 31 (1937). 

® ForrestTI, Ann. chim. applicata, 26, 207 (1936). 

10 FORRESTI AND CHIUMMO, Gass. chim. ital., 67, 408 (1937).° 

11 FORRESTI, CHIUMMO, AND MENASSE, Ann. chim. applicata, 
27, 359 (1937). 

12 DuPont, Bull. soc. chim., (5) 3, 1021 (1986). 

13 Kino, J. Soc. Chem. Ind., Japan, 41, Supp. 259; 
188 (1939). 

14 HoriuTI AND Kwan, Pisc. Imp. Acad., Tokyo, 15, 105 (1939). 

1% Winans, J. Am. Chem. Soc., 61, 356 (1989). 

16 Caras, Bull. soc. chim., (5) 6, 1485 (1989). 

17 VAVON AND MONHAARD, Bull, soc. chim., 7, 551 (1940). 

8 VEKHOTKO, J. Gen. Chem., U.S.S.R., 11, 97 (1941). 


ibid., 42, 


yellow-green color of the solution; a melting-point de- 
termination of the product gives information as to the 
extent of the reduction.! Work by one of us, which will 
be published later, on the coagulation of platinum black 
indicates that the inactivity of the coagulated form of 
the catalyst is not due to the absence of oxygen!®:*° but 
to the saturation of the platinum particle with adsorbed 
active hydrogen. It is postulated that the active hy- 
drogen imparts a small charge to the particles of the 
catalyst and this eventually leads to coagulation. 
By bubbling air through the coagulated catalyst the 
active hydrogen is removed through combination with 
oxygen, and therefore the catalyst is dispersed and the 
activity regenerated. The same effect is produced by 
substances which can accept active hydrogen and can 
be reduced. In order to retard the coagulation of the 
finely divided platinum black a large number of experi- 
ments were performed with platinum black precipitated 
on finely divided carbon, silica, and other easily sus- 
pendable materials. It was found that the amount of 
platinum could be reduced to one fourth and still obtain 
the same activity as given by the most efficient of the 
platinic oxide catalysts. Using 250 mg. of 5 per cent 
platinum charcoal (containing 12.5 mg. Pt) the same re- 
duction rate was obtained as when 50 mg. of platinic 
oxide were employed. From these data it was con- 
cluded that for this type of semimicro hydrogenation 
platinum and palladium catalysts precipitated on car- 
bon are more economical and efficient. b 


PLATINIZED AND PALLADIZED CARBONS 


A large number of platinum and palladium catalysts 
precipitated on carbon and other media were prepared 
or obtained commercially. To test their activity to- 
ward the reduction of aldehydes and ketones, piperonal 
and benzophenone were selected. Piperonal is known 
to be reduced easily and benzophenone with difficulty 
by catalytic hydrogenation. Therefore, both small and 
high activity could be qualitatively measured by sub- 
jecting the same catalyst for activity in the reduction of 
those two compounds. The extent of reduction was 
measured by removing | ml. of the solution, evaporating 
on a watch glass, and determining the melting point of 
the resulting product. Figure 1 shows the melting- 


’ point composition diagram of piperonal and piperonyl 


alcohol; Figure 2 shows the melting-point composition 


1? WILLSTATTER AND Jaguert, Ber., 51, 767 (1918) 
2 WILLSTATTBR AND WALDSHMIDT-Lerrz, Ber., 54, 11S (1921), 
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MELTING-POINT COMPOSITION DIAGRAM OF PIPER- 
ONAL AND PIPERONYL ALCHOL 


FIGURE 1. 


diagram of benzophenone and benzohydrol. In Figure 
2 the part of the curve indicated by a broken line shows 
mixtures which do not give well-defined melting points. 
It will be noted in both Figures 1 and 2 that the melting 
points of several mixtures are below room temperature. 
Inspection of the literature did not disclose the descrip- 
tion of such a method, and therefore it is described in 
detail in the experimental part. 

Tables 1 and 2 give a summary of a large number of 
experiments on the efficiency of various platinum, pal- 
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ladium, and nickel catalysts as measured by the re- 
duction of piperonal and benzophenone under compar- 
able conditions. The conclusions from these studies 
are: (a) platinum or palladium precipitated on carbon 
is more efficient than when precipitated on aluminum 
oxide, zinc carbonate, calcium carbonate, and Supercell; 


TABLE 1 
EFFICIENCY OF VARIOUS CATALYSTS IN THE HYDROGENATION OF PIPERONAL 


(10 minutes) 


Amount Per Cent 
Catalyst Lot No. (Mz.) Reduction* 
Platinic oxide 103t 50 90 
Platinum (10%) on carbon 189t 250 100 
Platinum (5%) on carbon 188t 250 100 
Platinum (10%) on carbon 144§ 250 80 
Platinum (5%) on carbon 145§ 250 80 
Platinum (10%) on carbon 150)| 250 90 
Platinum (10%) on carbon 1514 250 60 
Platinum (5%) on AlzOs 290** 250 60 
Palladium (5%) on AlsO; 291** 250 55 
Platinum (5%) on ZnCOs 292** 250 75 
Platinum (5%) on CaCOs 293** 250 55 
Platinum (5%) on Supercell 195 250 70 
Palladium (5%) on carbon 172tt 250 100 
Palladium (5%) on carbon 171ft 250 75 
Palladium (5%) on carbon 163** 250 100 


* Measured by the reduction of 500 mg. piperonal dissolved in 20 ml. 
ethanol (95 per cent), hydrogen passed through the solution for 10 minutes at 
the rate of 80 to 100 ml. per minute, after reduction catalyst filtered, solution 
evaporated, and melting point of product determined. 

{ Prepared from impure (recovered) chloroplatinic acid contains about 
5 to 10 per cent Pd, and about 1 per cent Fe and Ni. 

{ Chloroplatinic acid solution evaporated with the required amount of 
charcoal and reduced by hydrazine at0°C. (See Experimental Part.) 

§ Same as f but reduced at 100°C. 

|| Chloroplatinic acid solution evaporated with required amount of char- 
cual and reduced with formaldehyde at —5°C. 

{ Same as || but reduced at 100°C. 

** Commercially available from Baker and Company. 
tt Reduced by hydrazine at 0°C. 
tt Reduced by hydrazine at 100°C. 


TABLE 2 


EFFICIENCY OF VARIOUS CATALYSTS IN THE HYDROGENATION OF BENZO- 
PHENONE* 


(20 minutes) 


Lot Amount Per Cent 

Catalystt No. (Mg.) Promoter Reduction 
Platinic oxide 103f Gait: kes 20 || 
Platinic oxide 101t ae 15 
Palladium (5%) on carbon 163§ | ST Ore 50 
Palladium (5%) oncarbon 163§ 250 FeClz—1 mg. 58 
Palladium (5%) on carbon 163§ 250 FeClz—3 mg. 55 
Palladium (5%) on carbon 163§ 250 FeClz—3 mg. 55 
Platinum (10%) on carbon  150)/ my « Atedaen 75 
Piatinum (10%) on carbon 151! CO oe 68 
Platinum (10%) on carbon 155]! 250 FeO—0.5 mg. 85 
Palladium (10%) oncarbon 264tf 250 FeO—0.5 mg. 72 
Platinum (5%) on carbon 188] roe 75 
Platinum (5%) on carbon 1584 250 NiO—0.5 mg 65 
Platinum (5%) on carbon 1604 250 MnO—0.5 mg. 70 
Platinized oxides of Ni, Fe, 

Mn (Pt:MeO = 1:8) 1629 - ere 75 
Raney nickel 49** ore 10 
Raney nickel 49** neo 15 
Raney nickel platinized 

(100 Ni:2 Pt) 167 tt | ee se 10 
Platinized oxides of Ni, Fe, 

Mn (Pt: MeO = 1:10) 2429 i as ser 80 
Palladium carbon } = 163§ Se 
Oxides of Ni, Fe, Mn 242 | err ee 95 


* Two hundred milligrams of benzophenone dissolved in 20 ml. of ethanol 
(95%); hydrogen passed through the solution for 20 minutes at the rate of 
80 ml. per minute; catalyst filtered, solution evaporated, and melting point 
of product determined. 

t+ Number after catalyst identifies lot. 

t See explanation in Table 1. 

§ Commercially available (Baker and Company). 

|| See Table 1 on piperonal. 

{ Solution of the nitrates of the metals and the required amount of 
chloroplatinic acid evaporated with charcoal, then treated with sodium 
hydroxide, filtered, washed, and dried. 

** Prepared according to directions by Adkins. 
tt See Experimental Part. 
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(b) platinized and palladized carbon are much more ac- 
tive than equal amounts of metal in the form of “‘re- 
duced black” obtained from the oxide; (c) palladium 
and platinum carbons prepared by reduction with hy- 
drazine at low temperatures have a higher activity 
than when reduced at elevated temperatures or reduced 
by formaldehyde at either high or low temperatures; 
(d) commercially available 5 per cent palladium carbon 
was found to have about the same activity as the more 
active sample prepared; (e) for complete reduction of 
beuzophenone a nickel oxide catalyst and palladium 
carbon are necessary; and (f) platinized oxides of 
nickel-iron manganese (Pt: MeO = 1:8) have higher 
activity than Raney nickel or platinized Raney nickel. 


SOLVENT AND PH EFFECT 


The use of an alcohol as a solvent for catalytic hy- 
drogenation of aldehydes and ketones is sometimes not 
desirable. Such an occasion may arise in the identifi- 
cation of a carbonyl compound, when the latter is re- 
duced to the alcohol which is then subjected to deriva- 
tization. It was considered, therefore, of some interest 
to test the effect of various solvents in the reduction of 
piperonal, using the same catalyst throughout. The 
results are summarized in Table 3. Since the object of 


TABLE 3 


HYDROGENATION OF PIPERONAL* IN VARIOUS SOLVENTS IN PRESENCE OF 
PaLLapiumM CarRsont : 


Per Centt 
Solvent Temperature Reduction 
(PC.) 
Ethanol (absolute) 60-65 100§ 
Ethanol (95%) 60-65 100§ 
Ethanol (60%) 60-65 100 
Methanol (99.5%) 60-65 55 || 
Methanol aqueous (60%) 60-65 75 
2-Propanol 60-65 85 
Ethyl acetate 55-60 65 
Methyl acetate 55-60 75 
Ethyl formate 55-60 85 
Isopropyl acetate 55-60 90 
Ethyl ether 30-35 38 
Isopropyl ether 55-60 40 
Dioxane 55-60 40 
Toluene 60-65 8 
n-Heptane 60-65 12 


* Five hundred milligrams of piperonal dissolved in 25 ml. of the solvent; 
250 mg. of catalyst added and hydrogen passed for 10 minutes at the rate of 
100 to 125 ml. per minute. 

¢t Carbon containing 5 per cent palladium (Baker and Company). 

t After filtration of catalyst the solvent was evaporated, the melting point 
of the product determined, and extent of reduction determined from Figure 1. 

§ Products which without recrystallization gave melting points of 48-52°C. 
are reported as 100 per cent redueed. 

|| Results not consistent; product is often an oil which does not crystallize. 


the experiments was to discover a nonaqueous and non- 
alcoholic solvent for semimicro hydrogenation, the 
data are given without discussion as to their probable 
explanation. Suffice it to state that the efficiency of 
the solvent was found to be: ethanol > 2-propanol > 
esters > ethers > hydrocarbons. Esters were found to 
react with such reagents as 3,5-dinitrobenzoyl chloride 
and a-naphthyl isocyanate. Isopropyl ether was se- 
lected as a solvent when a derivative of the alcohol re- 
sulting from the reduction of the carbonyl compound 
was to be prepared. 

The effect of alkaline media on the reduction of ke- 
tones has been noted by Delepine,* Forresti,* and others. 
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The object of the experiments summarized in Table 4 
was to determine the effect of change of the pH in the 
semimicro hydrogenation of ketones using the catalysts 
and method developed. The results indicated that an 
initial pH above 8 increases the rate of reduction, while 
an initial pH of below 7.0 inhibits the zeaction. 


TABLE 4 


HYDROGENATION OF BENZOPHENONE IN ETHANOL AT VARIOUS PH IN 
PRESENCE OF PALLADIUM BLACK 





ae Per Cent 

Solvent Initial End Reduction 
Ethanol-acetic acid 3.8 3.6 25 
Ethanol-acetic acid 5.4 5.3 40 
Ethanol (absolute) 6.2 6.0 50 
Ethanol-sodium hydroxide 8.2 7.3 95 
Ethanol-sodium hydroxide 12.3 12.1 95 


REDUCTION OF ALDEHYDES AND KETONES 


The carbonyl compounds successfully reduced by this 
method and the condition of hydrogenation are listed 
in Table 5. The reduction of acetone and butanone in 
the presence of isopropyl ether is incomplete. In gen- 
eral the reduction in isopropyl ether is slow and not 
suitable for rapid microhydrogenation of the aliphatic 
carbonyl compounds. Aromatic aldehydes and ketones 
are reduced with varying rates, the ortho-substituted al- 
dehydes having the most rapid. The reduction of 
piperonal and salicylaldehyde is suitable for prepara- 
tive work to illustraté catalytic hydrogenation of car- 
bonyl compounds, and detailed directions are given in 
the experimental part. For the reduction of ketones a 
nickel oxide catalyst should be used in conjunction with 
palladium carbon. 


EXPERIMENTAL PART 


General Method. The general directions for semimicro 
hydrogenation are the same as previously described.! 
The commercial model of the hydrogenating tube”! 
shown diagrammatically in Figure 3 was used in the 
present investigation. The student model! may be used 
for the reduction of piperonal and salicylaldehyde. 
The commercial grade of 5 per cent palladium black is 
efficient and is recommended for the reduction of nitro 
compounds in which the platinic oxide catalyst was pre- 
viously! specified. After reduction the solution is fil- 
tered; the first filtrate is returned to the filter as a small 
amount of finely divided carbon passes through. When 
the filtration is complete the paper is washed twice with 
5 ml. of the solvent used in the reduction. The funnel 
is removed and water is drained off, and the paper is 
pressed together and placed in a bottle. When a suffi- 
cient number of papers have accumulated, they are 
burned and the carbon and ash returned to the dealer 
for credit.?! 

The cost of 5 per cent palladium carbon in 10-g. lots is 
$0.25 per gram and therefore the cost of catalyst per run 
is $0.06. 

Materials. Commercial zine and 25 per cent sulfuric 
acid were used to generate hydrogen. Most of the or- 


(See Fig- 





21 Wilkens-Anderson Company, Chicago, Illinois. 
ure 3.) 
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ganic chemicals were prepared by standard methods and 
some were obtained from Eastman Kodak Company. 
It should be emphasized that for semimicro work it is 
usually far easier to begin with a pure compound than 
to purify the product. 
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FIGURE 3.—SEMIMICRO HypDrRo- 
GENATOR (COMMERCIAL MODEL) 


Preparation of Catalysts. The platinized and palla- 
dized carbons were prepared by evaporating a mixture 
of chloroplatinic acid or palladium chloride with char- 
coal. The residue was then heated at 110 to 120°C. 
with occasional stirring; after cooling, hydrazine hy- 
drate solution was added and the mixture was cooled to 
—5°C. and made alkaline with a sodium hydroxide solu- 
tion. 

Platinum Carbon 5 Per Cent. Place 2 g. of purified 
Norit charcoal in an evaporating dish. (The charcoal is 
purified by boiling 10 g. with 100 ml. 6 N hydrochloric 
acid for 10 minutes, filtering, and washing the charcoal 
with distilled water until the pH of the filtrates is about 
5 to 6.) Add 2.7 ml. of 10 per cent solution of chloro- 
platinic acid and 6 ml. of water to the dish. Place the 
evaporating dish on a steam bath (or a beaker of boiling 
water) and stir the mass until it is homogeneous. Al- 
low the stirring rod to remain in the dish and stir occa- 
sionally until the mass has dried sufficiently to be pulver- 
ized with the glassrod. Place the dish in an oven heated 
to 110 to 120°C. for 30 minutes, or heat the dish for 15 
minutes at 120 to 130°C. over a small, free flame, stir- 
ring the charcoal mixture continuously with a thermom- 
eter. Cool to room temperature and place material in 
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a small Erlenmeyer flask with 10 ml. of 1 per cent hy- 
drazine hydrate solution. Place corked flask in an ice- 
salt bath and cool to about —5°C. Add, all at once, 10 
ml. of 1 NV sodium hydroxide solution previously cooled 
to about 0°C. Allow the mixture to stand at —5 to 0° 
for two hours, then filter in the suction filter, using 
water to transfer the mass adhering to the sides of the 
flask. Do not leave the charcoal uncovered with water 
for any length of time but continue the washing with 
five 20-ml. portions of water. Wash once with 10 ml. 
of alcohol, and before all the alcohol has passed through 
the charcoal add 5 ml. of ether and then another 10-ml. 
portion. Remove the filter from suction as soon as all 
the ether has drained off. Spread the charcoal on a 
piece of glazed paper and dry in the air for 10 to 15 min- 
utes and then transfer it into a small screw-cap bottle. 
If the alcohol is allowed to drain through the charcoal 
and the cake becomes dry, oxidation of the adhering 
alcohol will set the charcoal on fire. ‘ 

Palladium Carbon 5 Per Cent. The same method is 
used as in the preparation of 5 per cent platinum carbon 
except that instead of chloroplatinic acid a palladium 
chloride solution is used; a sufficient quantity of pal- 
ladium chloride is added to 2 g. of charcoal so that on re- 
duction 100 mg. of palladium metal will be formed. 
Commercially available 5 per cent palladium carbon 
gave about the same results as the most active palla- 
dium catalysts prepared by this method. 

Nickel-Iron Catalyst. Place in an evaporating dish 
4 g. of nickel nitrate (NiNO;-6H,0), 1 g. of ferrous chlo- 
ride, 0.1 g. of manganese chloride (MnCl,-4H,0), and 
0.3 ml. of 10 per cent chloroplatinic acid. Add 50 ml. of 
water and stir until the salts are dissolved. Add 10 g. 
of purified Norit charcoal and heat over a water bath 
with occasional stirring until the mass is dry. Heat the 
mass at 120 to 130°C. for 15 minutes, as in the prepara- 
tion of the platinum catalyst. Cool to room tempera- 
ture and add 2 ml. of 1 per cent hydrazine hydrate and 
50 ml. of 1 N sodium hydroxide solution. Allow to 
stand one half hour and then filter. Wash several 
times with water—twice with 100 ml. of water, once 
with 100 ml. of water containing 0.5 ml. of dilute acetic 
acid, and then twice with distilled water. Dry over a 
free flame at 120 to 130°C. with stirring. Place dry 
charcoal in an 8-inch test tube having a side arm. Pro- 
vide a rubber stopper having a glass tube reaching 
nearly to the bottom for the inlet of hydrogen. Con- 
nect the side arm with an outlet tube. Clamp the tube 
to a stand in a nearly horizontai position and wire a 
thermometer to its side. Connect the inlet tube to a 
hydrogen generator used in semimicro hydrogenation; 
the gas is dried by bubbling it through sulfuric acid 
before it enters the tube. Pass hydrogen for 10 minutes, 
then place a small flame at a distance from the tube 
éontaining the charcoal so that the temperature rises 
slowly to 180 to 200°C. Pass hydrogen slowly for 30 
minutes after this temperature has been reached, then 
shut off the flame and allow to cool while a stream of 
hydrogen passes through the tube. Disconnect the 
hydrogen inlet and replace with a solid rubber stopper 
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which has been previously boiled with 20 per cent so- 
dium hydroxide solution, then with water, washed free 
of alkali, and dried. The metallic oxide catalyst pre- 
pared by this method is pyrophoric and care should be 
taken in weighing it. To remove it from the tube use a 
long spatula and avoid tilting the tube so that the car- 
bon falls out into the weighing vessel, for in that case it 
will catch fire. This catalyst is used in conjunction with 
palladium carbon in the reduction of ketones. Alde- 
hydes undergo other changes in its presence, probably 
because of its slight alkalinity. . 

Determination of Melting Points of Substances or Mix- 
tures Which Melt Between —50° and +40°C. This 
method is useful for the determination of melting points 
of substances or eutectic mixtures which are liquid 
at ordinary temperatures. 

Apparatus used in the determination is shown in Fig- 
ure 4. It consists of an 8-inch tube with a side arm hav- 
ing the closed end blown to a bulb of 35 to 40 mm. in di- 
ameter and having a capacity of 25 to 30 ml. The 
commercial model?! has a small glass tube reaching 
from the side arm to the bottom of the tube, curving 
upwards, and ending in an orifice of about 0.3 to 0.5 
mm. for blowing a stream of bubbles. The same pur- 
pose can be accomplished by inserting through the top 
of the apparatus a 4-mm. tube drawn to a capillary at 
the end and bent at a right angle at the top. A 3-mm. 
rubber tube is connected to the inlet and held at the 
mouth for blowing a stream of bubbles. An alcohol- 
filled thermometer, graduated from —50° to +50°C. is 
inserted through a cork which is held by a clamp so that 
the end of the thermometer bulb is 10 mm. from the bot- 
tom. About 25 to 30 ml. of methanol are added to the 
bulb to serve as bath liquid. 

A capillary tube, 1 mm. in outer diameter and 75 to 
80 mm. in length,” is sealed at one end to serve as 
melting-point tube. Another capillary tube having an 
outer diameter of 0.2 to 0.4 mm., length of 110 to 120 
mm., and openings at both ends, is prepared. The 
smaller capillary should be inserted in the melting- 
point tube so that one end reaches the bottom freely. 
A small droplet of the liquid (1 mg. or less) is placed on a 
small watch glass. Holding the melting-point tube with 
one hand remove the smaller capillary and place it ver- 
tically so that one end of the open capillary is immersed 
in the liquid which, by capillary attraction, rises rap- 
idly into the tube to a height of 40 to 50 mm., depending 
on the diameter of the capillary and properties of the 
liquid. The smaller capillary is inserted in the melting- 
point tube and pushed gently down until the end reaches 
the bottom. This pressing gently downwards rotates 
the smaller capillary so that the liquid descends and fills 
the melting-point tube to a height of 3 to 4 mm., when 
the capillary is rapidly withdrawn, streaking the sides 
of the melting-point tube with the oil in passing. The 
clean end of the smaller capillary is held momentarily 
in the flame so that the open end is just sealed off, form- 
ing a very small bead at the end. The sealed end of the 


22 These capillary tubes are commercially available packed in 
vials containing 100 capillaries. They can be used in all melting- 
point determinations. 
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capillary is inserted in the melting-point tube to be used 
as a stirring rod for the crystallization. 

If the melting point of the solid is above —15°C. an 
intimate mixture of ice and salt is placed in a 50- or 100- 
ml. beaker and the melting-point tube is immersed and 
allowed to remain for three to five minutes. When the 
liquid has crystallized, the melting-point tube is re- 


Z 



































%& 


FIGURE 4.—DIAGRAM OF ApP- 
PARATUS USED FOR DETERMINA- 
TION OF MELTING POINTS OF 


SUBSTANCES OR MIXTURES 
WHICH MELT BETWEEN —50° 
AND +40°C. 


moved and the lower end is held momentarily between 
two fingers so as to melt the crystals partially. The 
melting-point tube is replaced in the ice-salt bath and 
the mixture of crystals and liquid is stirred by raising 
and lowering the capillary rod until the mass begins to 
solidify, when the capillary rod is withdrawn. The 
lower end of the melting-point tube thus contains a 
crystalline mass while the sides are covered by a film of 
crystals to a height of 10 to 20 mm., giving a foggy ap- 
pearance to the tube. When the tube is heated this 
foggy film of crystals vanishes suddenly, furnishing 
thereby a better criterion of the temperature at which 
melting takes place. 

When the liquid does not crystallize because of su- 
percooling, the liquid is rubbed against the walls of the 
vessel with the capillary stirring rod. Some substances 
require considerable agitation before they begin to 
crystallize. Seeding may be used to induce crystalliza- 
tion. The watch glass on which the droplet was placed 
for transfer to the capillary is chilled by placing it on the 
freezing mixture and rubbing it with aspatula. As soon 
as crystals have formed, the capillary rod is withdrawn 
from the tube and the bead at its end is touched to a few 
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minute crystals and then transferred back to the melt- 
ing-point tube. If the melting point of the substance is 
between —18° and —50°C. the bath used is a mixture 
of dry ice and acetone or methanol. About 75 ml. of 
the acetone or alcohol are placed in a 250-ml. beaker 
wrapped in a towel, and then small pieces of dry ice are 
added until the required temperature has been reached. 

While the melting-point tube is being prepared the bulb 
of the melting-point apparatus is immersed in a cooling 
mixture similar to that used for chilling the melting- 
point tube. A 250-ml. beaker is used; the bulb with the 
thermometer resting on the bottom is immersed in the 
cooling mixture and stirred occasionally with the ther- 
mometer. When the temperature has fallen about 10° 
below the melting point of the compound in the capil- 
lary tube the thermometer is transferred rapidly close to 
the melting-point tube, which is attached to the ther- 
mometer bya rubber band. The melting-point apparatus 
is removed from the cooling bath and clamped in posi- 
tion on the stand; the thermometer is removed from 
the cooling bath, lightly shaken to remove adhering 
liquid, and rapidly adjusted in place within the liquid 
bath of the melting-point apparatus. The bulb is wiped 
off with a dry cloth and the melting-point tube in- 
spected. If the operations have been made with proper 
care the temperature is several degrees below the melt- 
ing point and any solid that may have melted during 
the adjustments has solidifled. The bath is heated by 
holding the small rubber tube between the lips and 
blowing a stream of bubbles intermittently through the 
liquid. The temperature rises about 1° for every one or 
two minutes. If more rapid heating is required, as when 
the temperature is much below the melting point, the 
bulb is warmed by holding it in the hand for a few sec- 
onds or by momentarily applying the smallest flame of 
a microburner. When the foggy film above the mass of 
crystals in the melting-point tube vanishes, further 
heating or blowing “‘bubbles’”’ through the bath is dis- 
continued and the temperature noted. If the com- 
pound is pure the crystals melt within 0.5° of this tem- 
perature. If the crystals are impure the mass may not 
melt completely until the temperature has been raised 
several degrees above this point. 

Reduction of Piperonal. Place 250 mg. of 5 per cent 
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palladium carbon in the hydrogenating tube and add 25 
ml. of ethanol. Pass hydrogen for two minutes and then 
add 500 mg. of piperonal. Heat the bath to 60°C. 
and pass hydrogen for 15 minutes. Filter and wash 
residue with two 5-ml. portions of alcohol. Evaporate 
the filtrates in a dish over a water bath until a small 
amount of solvent remains, then conduct the evapora- 
tion slowly. Cool the residual oil by placing the dish in 
a freezing mixture. On scratching the oil with the spat- 
ula it solidifies. Scrape the crude mass and transfer 
itintoatube. Add 12 to 15 ml. of heptane or petroleum 
ether. Boil to effect solution and filter through suc- 
tion into an 8-inch test tube having a side arm. The 
oily mass remaining in the solution tube is crude piper- 
ony] alcohol and is extracted using the filtrates from the 
first crystallization. Cool the filtered solution and 
scratch the sides of the tube with a glass rod. Allow to 
stand 10 minutes and filter. Conduct successive ex- 
tractions of the crude piperonyl alcohol, using the fil- 
trates from the previous crystallization, until the crude 
residue is exhausted. Collect the crystals on the suction 
funnel and wash with a few milliliters of the pure sol- 
vent. Place the crystals on a drying disc. Yield: about 
400 mg. of crystals melting at 52-53°C. 

Reduction of Salicylaldehyde. Use the same method 
and quantities as in the reduction of piperonal. Pass 
hydrogen for 25 to 30 minutes. Use the same method 
for the purification of the crude alcohol but use 20 ml. 
of solvent. Yield: 350 to 400 mg. of crystals melting at 
86°C. 

Reduction of Benzophenone. Place in the hydrogenat- 
ing tube 25 ml. of ethanol, 100 mg. of 5 per cent palla- 
dium carbon, and 450 mg. of nickel-iron carbon. Pass 
hydrogen for two minutes and then add 200 mg. of ben- 
zophenone. Pass hydrogen for 30 minutes. Filter the 
carbon and wash the residue with two 5-ml. portions of 
alcohol. Evaporate the alcohol in a dish. Cool and 
scratch the oil mass with the microspatula. Collect the 
crystals on the bottom of the dish and transfer them 
into a tube. Wash the dish with 5 ml. of heptane or pe- 
troleum ether, and add the solvent to the tube contain- 
ing the crude benzohydrol; heat the mixture to boiling 
and filter through suction into an 8-inch tube with a side 
arm. Cool the solution and scratch the sides of the ves- 


TABLE 5 


SEMIMICRO REDUCTION OF CARBONYL CoMPoUNDS BY CATALYTIC* HYDROGENATION AT ATMOSPHERIC PRESSURE 


M.P. or B.P. Amt. 

Carbonyl Compound Cc.) (Mg.) Solvent 
Butanal 75 300 Isopropyl ether 
Heptanal 155 300 Isopropyl ether 
2-Octanonet 173 300 Isopropyl ether 
Cyclohexanone 156 500 Isopropyl] ether 
Benzaldehyde 179 500 Isopropyl ether 
Salicylaldehyde 197 500 Ethanol 
p-Hydroxybenzaldehyde 116 500 Ethanol 
Piperonal 37 500 Ethanol 
Vanillin 80 500 Ethanol 
Benzophenonet 48 500 Ethanol 
Acetophenonet 20 500 Ethanol 


M.P. of Product or 


Derivative* 

Time Ca) 

(Min.) Product Obs. Lit. 
40 1-Butanol (B) 62 62.5 
40 1-Heptanol (B) 45-46 46.9 
40 2-Octanol (C) 61-62 62.5 
30 Cyclohexanol (B) 112 112-113 
30 Benzyl alcohol (B) 112 112 
30 Salicyl alcohol (A) 86 86 
30 p-Hydroxybenzyl alcohol (A) 123-124 125 
15 Piperony] alcohol (A) 52 52-53 
30 Vanillyl alcohol (A) 113 115 
30 Benzohydrol (A) 68 68 
30 a-Methyl-benzyl alcohol (A) 19-20 20 


* Unless otherwise specified 250 mg. of 5 per cent palladium carbon was used as catalyst. 


Tt 250 mg. of 5 per cent Pd carbon and 400 mg. of carbon containing oxides of Ni, Fe, Mn. 


See Experimental Part. 


(A) = corresponding alcohol; (B) = 3,5-dinitrobenzoate; (C) = a-Naphthylurethan. 
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sel with a glass rod. After 10 minutes filter the crystal 
and wash with 1 ml. of pure solvent. Use the filtrates to 
extract the remaining crude benzohydrol. Yield: 
100 to 150 mg. of crystals melting at 67-68°C. 
Reduction of Benzaldehyde. Place 29 ml. of isopropyl 
ether and 250 mg. of 5 per cent palladium carbon in the 
hydrogenating tube. Pass hydrogen for two minutes 
and then add 0.25 ml. of benzaldehyde. Raise the tem- 
perature of the bath to about 50°C. and pass hydrogen 
for 20 minutes. Filter the isopropyl ether solution 
into an 8-inch distilling tube or 25-ml. distilling flask; 
add 150 mg. of 3,5-dinitrobenzoyl chloride and distill 
off the ether until about 2 ml. remain in the distilling 
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vessel. Pour off the ether solution into a dish and wash 
the distilling vessel with 1 to 2 ml. of isopropyl ether, 
adding the washings to the residue in the dish. Add 2 
ml. of water and evaporate to dryness. Cool, add 5 ml. 
of water, and transfer crystalline mass into the filter. 
Return crystals to the dish and rub well with 5 ml. of 
5 per cent sodium carbonate solution, warm to 60°C., 
then filter, and wash twice with water. Recrystallize 
from methanol. Yield: 80 mg. of crystals melting at 
109—110°C. On crystallizing again, 50 to 55 mg. are 
obtained melting at 112°C. _ 

* Heptanal and other aliphatic aldehydes are reduced 
in the same manner for identification purposes. 
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Can We Take the Monotony Out of Review Work? 


CHARLES E. DULL 


Maplewood, New Jersey 


ROBABLY most teachers and pupils find drill work 

for review rather boring. With such a subject as 
high-school chemistry, however, it is highly desirable 
and almost essential for the teacher to use two weeks or 
more for a thorough review. Much of the beginning 
work in chemistry is intangible, and the beginning 
pupil must use his imagination, both in the classroom 
and in the laboratory. It takes some time before the 
pupil begins to realize that the science of chemistry is 
real, that formulas and equations are exact and mean- 
ingful, and that the entire science is not built upon the 
whims of a group of chemists. While the pupil is get- 
ting a bird’s-eye view of the subject, the light may 
glimmer or sometimes flicker before it grows bright 
enough to clear the fog and dispel certain doubts that 
are all too common. It is the function of a thorough 
review to bind together the fundamental principles of 
the science, to give the beginner a composite picture of 
what he has studied, and to clinch the fundamental 
facts and principles so completely that the student will 
find his chemistry of practical value. 

A few years ago it occurred to the writer that he 
might capitalize upon the popularity of the ‘‘Informa- 
tion, please,” “‘Quiz kids,’ and other radio programs of 
the question-and-answer type. For. each lesson in re- 
view he selects three better-than-average pupils to 
prepare themselves to act as ‘‘experts’ in answering 
questions. He then assigns two or three chapters in 
review to be studied by all pupils. Each pupil is re- 
quired to come to class the next day with a list of 10 
questions from the review chapters assigned. His 
questions must be so worded that they cannot be 
answered by ‘‘Yes”’ or “‘No,’’ and they should require 
a complete sentence for an answer. The pupils are 
warned that their aim is not to ‘stump the experts,”’ 


but to ask those questions which emphasize the im- 
portant facts and principles of those chapters assigned. 
They may ask for such blackboard work as equations, 
diagrams for laboratory apparatus, or numerical prob- 
lems. 

When the class meets the next day, the three experts 
selected are asked to step up to the front of the room, 
before the blackboard. Then the other members of the 
class take turns in asking questions. To secure the 
attention of everyone, a slip of paper is handed to each 
pupil and he is asked to grade each one of the experts 
to the best of his judgment. Before the next recitation 
a summary of the pupil ratings is read before the class. 

For the next assignment three other pupils are se- 
lected to take a turn at answering questions. Hence, 
every pupil in the class eventually has his turn. 

How does the method work? For a number of terms 
the writer has used the method in his classes. Almost 
without exception the pupils chosen to answer the 
questions have responded remarkably well and an- 
swered the questions intelligently. Almost never has 
any pupil in the class failed to prepare a set of 10 ques- 
tions. By no other method which he has tried has the 
writer ever been able to cover so much ground during a 
review lesson. The pupils are really enthusiastic about 
this plan. 

Of course some of our friends who advocate progres- 
sive education with a capital P will complain that one 
is teaching facts by such a method. If so, some of us 
will thank God for it. No one can complain that it does 
not stimulate pupil activity, because the teacher merely 
sees that the questions follow one another without loss 
of time, and that repeat questions are deleted. The 
writer feels certain that such review work is far from 
monotonous. 





Emerging Problems in High-School Chemistry 


MORRIS MEISTER 
High School of Science, Bronx, New York 


HESE are days when all of mankind is eagerly 

scanning the horizon for the coming of a better 
world. As citizens we are watching for the emerging 
problems of living in a world at peace. As teachers we 
are scrutinizing these problems in order to find what 
implications there are for the practice of our profession. 
As teachers of science we are focusing sharply upon the 
same problems so as to make our special field serve best 
the interests of democratic life. As teachers of chemis- 
try we are looking deeper into the machinery of science 
teaching to make sure that every component part makes 
a maximum contribution to the winning of the peace. 
The writer must confess, however, to a major difficulty 
in thinking about the matter. He finds himself using 
the term ‘“‘chemistry’’ when he means ‘‘science’”’ or 
‘‘science’’ when he should say “‘chemistry.”’ It is quite 
possible that a proper distinction cannot be made. 
Perhaps it should not be made. It may be that at the 
high-school level the distinction is meaningless if 
pressed too hard. There are many who say that a 
major defect in prewar high-school science teaching 
arose from overspecialization in curriculum materials. 
There are others who argue for still greater abolition 
of the boundaries that have separated high-school 
biology from chemistry and chemistry from physics. 
In any event the emerging problems to be discussed in 
this paper will apply as well to secondary school science 
in general as they do to high-school chemistry in par- 
ticular. 

In order to gain better perspective for treating the 
topic, let us examine briefly the situation in high-school 
science teaching before the war broke out. From about 
1925 to 1941 we were urging a 12-year science sequence 
in the schools. It was believed that every boy and girl 
needed science for effective living. The greatest 
amount of eloquence in the literature of science educa- 
tion and in science teachers’ conventions was devoted 
to showing that we lived in a world which was becoming 
increasingly scientific. 
science altering every nook and cranny of daily exist- 
ence, but science as a method of thinking and as a way 
of life was assuming a dominant role in the affairs of 
mankind. The only way of giving citizens a better 
appreciation of the importance of science in life was to 
devote curricular time to it in the schools. There was 
to be a six-year course in elementary science followed 
by a three-year course in junior-high-school or general 
science, to be followed in turn by a tenth-grade course 
in biology, and eleventh- and twelfth-grade courses in 
physics and chemistry. We all know the extent to 


1 Presented before the Division of Chemical Education of the 
American Chemical Society, 108th meeting, New York City, 
September 12, 1944. 


Not only were the concepts of: 


which these eloquent pleas succeeded. At the time of 
the Pearl Harbor attack, only a small fraction of high- 
school graduates had had either chemistry or physics. 
A slightly larger number had had a course in biology. 
About 50 or 60 per cent of high-school graduates had 
pursued a year’s course in general science. In the very 
best school systems, less than 37 per cent of the students 
were graduated with a two-year course in science. Less 
than 12 per cent were able to include three years of 
science and about 3 per cent succeeded in squeezing in a 
four-year science sequence. The course in general 
science has never included much chemistry, and the 
course in biology included even less. An examination 
of the high-school chemistry course itself reveals a di- 
versity of aim, content, and method that shows great 
uncertainty concerning ways of meeting individual 
needs, vocational needs, professional needs, or the needs 
of general education. 

This state of affairs is so recent that all of us have 
vivid recollections of reasons for the small science en- 
rollment in high school. Every study of the problem 
pointed to the crowded high-school curriculum. There 
just were not enough hours in the day to include all the 
courses that seemed important and valuable. There 
seemed to be no good way of dealing with what might 
be termed the ‘‘vested interests” in the curriculum. No 
one dared to challenge the desirability of four years of 
English for every boy and girl. The claim of English in 
the curriculum was based mostly upon the undeniable 
need for universal literacy. Yet a considerable portion 
of the four years seemed to be devoted to abstractions 
and appreciations in the field of literary criticism. Few 
people arose to challenge the social studies. It was im- 
possible to deny the validity of history, economics, 
civics, government, and geography as educational in- 
struments. The modern languages made equally 
powerful claims to curriculum time. One cannot learn 
a foreign language in two years of study. Three years 
constitute a bare minimum, and one foreign language is 
wholly inadequate. As a result, five to six years of 
curriculum time were devoted to the language field. 
Health education is certainly a constant and warrants 
at least a four-year sequence. What was left of the 
high-school day was then parceled out among a large 
group of bitterly contending subject areas. Among 
these we find the sciences, competing for time against 
art, music, industrial arts, home economics, a large 
variety of business subjects, and many other newcomers 
in the field of secondary education. 

The enroliment in the sciences has been low for an- 
other reason. By and large, principals of schools, 
superintendents, directors of guidance, and members of 
boards of education include few men and women who 


610 


<= 








Dr 


are 
can 
scie 
the 
Ind 
eva 
scie 
S 
scie 
is e€ 
inv 
nan 
girls 
one 
does 
The 
enrc 
Sche 
favo 
sign 
is fo 
scier 
supe 
scier 
him 
labo: 
need 
not 
norn 
more 
The 
langt 
five 
beco: 
budg 
addit 
in th 
are « 
migh 
nons 
with 
and 1 
than 
indiv 
does 
It 
scien 
Whil 
exper 
ated 
wholl 
WI 
ditior 


| certai 


Some 
the n. 
situat 
Alam 


, hado 


Gener 





gh- 
ics. 


ad 
ory 
nts 
ess 

of 
na 
ral 
the 
ion 
di- 
eat 
ual 
eds 


ive 
en- 
em 
ere 
the 
ere 
ght 


: of 
Lin 
ble 
ion 
ons 
ew 
im- 
ics, 
in- 
lly 
arn 
ars 
e is 


Id. 
nts 
the 
rge 
ng 
nst 
rge 
ers 


an- 
ols, 
; of 
yho 


ee 








DECEMBER, 1944 


are themselves trained in science. While most of them 
can readily see vocational and professional values in 
science courses, they are not likely to be impressed by 
the general educational or cultural value of the sciences. 
Indeed, one cannot always blame them after a careful 
evaluation of some of the high-school work in the 
sciences. 

Still another reason for the small enrollment in the 
sciences is related to budgetary costs. Science teaching 
is expensive. Laboratories and adequate equipment 
involve large investments and require costly mainte- 
nance. To provide a room in which 30 or 35 boys and 
girls can carry on individual experimentation requires 
one and one-half times as much architectural space as 
does a recitation room for English or for social studies. 
The importance of cost factors in keeping down science 
enrollment is well illustrated by experiences at the High 
School of Science. Here we have a situation most 
favorable for science teaching. The school was de- 
signed for able science-minded boys. The curriculum 
is focused upon the sciences, especially the laboratory 
sciences. The principal, with the support of the 
superintendent, insists upon a four-year sequence in 
science. Every student pursues a course which gives 
him science every day for four years. Furthermore, 
laboratory periods are double periods, for reasons that 
need not be elaborated. Now, if the science teacher is 
not to be given more teaching assignments than the 
normal 25 periods a week, he cannot possibly carry 
more than four classes, each meeting six periods a week. 
The English teacher or the social science teacher or the 
language teacher can be given five classes, each meeting 
five times a week. Thus the cost of science teaching 
becomes 20 per cent more expensive in the eyes of the 
budget-maker, in personnel alone. Besides, there are 
additional costs in space, equipment, consumables, and 
in the need for providing laboratory assistants. There 
are other difficulties which arise intramurally. We 
might mention one which affects teacher morale. The 
nonscience teacher looks toward the science teacher 
with something akin toenvy. The latter has only four 
and not five sets of papers to correct, only four rather 
than five sets of marks to enter, only four groups of 
individuals rather than five to give attention to. This 
does not make for a happy faculty. 

It has often been said that the poor enrollment in 
science is due to poor courses, or to poor teaching. 
While it cannot be denied that some enthusiastic and 
expert teachers have overcome the difficulties enumer- 
ated above, the blame for poor enrollments cannot be 
wholly placed upon poor courses and poor teaching. 

When the war broke out an entirely new set of con- 
ditions was created. The writer can recali vividly a 
certain day in August, 1942, when General Brehon 
Somervel addressed the chief educational officers of 
the nation in Washington. You may recall the world 
situation at that time. Rommel was poised at El 
Alamein, England was suffering from the blitz, the Japs 


_ had overrun the Pacific and were threatening Australia. 


General Somervel pointed out that we could not win 
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the war without men and equipment, that modern war- 
fare was chiefly a problem of supplies, communication, 
and transportation, that we needed millions of tech- 
nicians, men who knew physics, chemistry, and mathe- 
matics, that it was easy to train men to shoot but that 
the Army did not have the necessary machinery for 
teaching men science and mathematics, that there was 
never a time when the country needed the schools as 
much as it needed them then. The audience was elec- 
trified. Many arose to say that they were ready to 
throw any part of their curriculum into discard in order 
to meet the general’s request. ‘‘Tell us what you want 
us to do and we will doit.”” One of the outcomes of the 
general’s speech was the establishment of a pre-induc- 
tion training agency in the War Department. Based 
upon the then-known shortages of manpower and the 
needs for specialists at that time, a group of courses was 
devised as a suggestion for the high schools of the na- 
tion. In the beginning these courses dealt largely with 
the fields of machines and electricity, since these sub- 
jects seemed to make the best contribution to a kind of 
warfare which stressed transportation and communica- 
tion. However, the War Department made a sharp 
distinction between courses suitable for the general 
school population and those desirable for the upper 20 
per cent in ability. For the latter group physics and 
chemistry were recommended. 

A report of the War Department issued in January, 
1944, showed that about 1,000,000 boys, 16 years or 
older, then in school were studying one or more pre- 
induction science courses. Not all high schools in the 
country introduced the suggested courses, yet prac- 
tically all schools introduced more science, adapting the 
courses in one way or another to meet the emergency. 
Here in New York City, the Board of Superintendents 
adopted a regulation which required every boy and girl 
to take at least one war course every term during the 
last two years of high school, as arequirement for gradua- 
tion. The war courses included the pre-induction 
courses recommended by the War Department and 
added certain other related science courses especially 
for girls. 

This increased emphasis upon science in the high- 
school curriculum has had interesting results. Judging 
from the reactions of students and teachers in New York 
City, one can fairly say: 

1. That students who normally would not have had . 
more than one year of science have pursued with profit 
and interest a three-year program in science, 

2. That, in the main, teachers have been satisfied 
with the results, 

3. That teachers have been able to retrain them- 
selves for the new subject matter and new approaches 
made necessary by science teaching under war condi- 
tions, 

4. That, while science teachers have been willing to 
give emphasis to physics because the War Department 
preferred it, many would now like to extend the scope 
of the materials to include much more chemistry and 
much more biology than appears in the war courses. 
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5. That, while the war courses as such will not re- 
main permanently in the science teaching curriculum, 
most teachers feel that they have learned a more real- 
istic and effective way of organizing their teaching, all 
of which they hope to apply to the new science curricu- 
lum in the postwar period. 

This emphasis upon science has brought with it an- 
other problem which will soon have to be faced. The 
fact is that a number of courses in the prewar curricu- 
lum were dropped to make room for science and 
mathematics. While no teachers have lost their jobs, 
a great many have had to retrain themselves. There 
is a large excess of teachers of foreign languages and a 
dearth of science and mathematics teachers. As soon 
as the war is over, the teachers in excess will quite 
naturally urge the resumption of the old curriculum. 
The human factors involved are such that considerable 
pressures of all kinds will arise. Indeed, they are al- 
ready being felt. It is difficult for administrators and 
policy-making boards to consider the matter objec- 
tively or to resist the pressures. As in politics, so in 
education, the path of least resistance is tha* which 
leads to a return to normalcy. How to meet this situa- 
tion will become a major problem for those interested 
in science education. , 

The resentment of nonscience teachers, whether 
justified or not, is given strength by another trend, not 
always explicit or vocal, yet very real. It shows itself 
in the nationwide discussion which urges a return to the 
humanities and to the fundamentals and essentials of 
learning. Implied in these discussions is always the 
thought that science and technology possess no human- 
istic value, and that an understanding of science is not 
really fundamental or essential. If we scratch below 
the surface we would find that many people believe that 
somehow technology is to blame for the horrors of war. 

Those who have the best interests of science at heart 
must combat this trend. The most effective weapon 
is to convince our colleagues that science is the key to 
the solution of peace problems as it has been in the 
problems of war, that science is vital to human values. 

The impact of science upon our mental and social 
climate has seldom been as well described as in George 
W. Gray’s recent book ‘Science at War.” Opening 
his chapter on “Science and the New World”’ he says: 

“As science conditioned the conduct of the war, so science 
inescapably will affect the structure of the postwar. Many 
contingencies could mar or poison the peace settlement, but 
nothing more disastrously than a failure to understand the 
central place which science occupies in modern civilization. In- 
deed, the whole hope and probability of a permanent peace will 
depend to a large extent on the attitude that politics takes toward 
the opportunities opened and the limitations imposed by tech- 
nology.”’ 

Another point of view to be stressed is that the cli- 
mate of science is the climate of democracy. While 
there have been many efforts to link science with 
democracy, the union has not always been perfect or 
permanent. Difficulties of definition develop. Rising 
to confound us is always the fact that our totalitarian 
enemy also makes much use of science. When, how- 
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ever, we relate science and democracy in a symbiosis 
rather than as a linkage, we can study their interde- 
pendence in a new context. The fact is that the cli- 
mate of science 7s the climate of democracy. When one 
grows sick, so does the other. When one grows strong, 
the other cannot remain weak. Science in this sense 
does not exist in a totalitarian world, no matter how 
assiduously and cleverly its technical men operate. 

By the same compelling logic which forces the Hutch- 
ins-Van Doren school to look to the past for its sense of 
direction, we are drawn to science as the key to the 
future. The conclusion is different because the premise 
is different. Hutchins seeks to educate what is common 
in man by training his intellect through one subject 
matter and one discipline. We, too, seek to educate 
what is common in man. The common element, how- 
ever, is to be found in his needs as an individual in a 
dynamically changing society. If our program of uni- 
versal education gives a focal position to the sciences, 
it is due to the strategic position which science has 
assumed in life. 

At the risk of appearing to offer a subject panacea for 
educational ills, we submit that the mental climate of 
the present and the future requires more and better 
science instruction for all. Not to give all citizens a 
better understanding of the part that science and the 
scientific spirit are playing in the world, is to fail to solve 
social problems and to create new ones. The citizen 
who never goes beyond the stage of regarding science 
as a source of gadgets, magic, and miracles is also a po- 
tential tool for a dictator. If 90 per cent of all men 
and women knew more about the workings of the hu- 
man body than they do now, we would have a healthier 
society. If 90 per cent of all men and women under- 
stood better the interdependence of living things, our 
natural resources would be better conserved. By the 
same token, knowledge of the energy concept is related 
to the solution of our utilities problem, perhaps even 
the problem of unemployment. The same relationship 
exists between the problem of housing and a knowledge 
of the materials in the crust of the earth, between gulli- 
bility to propaganda and knowledge of different kinds 
of communication. This series can be expanded in- 
definitely. While correct understanding is not always 
a guarantee of desired conduct, one cannot deny that 
it is a sine qua non of intelligent behavior in a democ- 
racy. 

Hence, we must teach more science to all children. 
Yet as soon as this idea is presented, an army of the 
opposition will fly to the attack. They confront such a 
proposal with all the glaring evils of present-day science 
teaching: its abstractness, its lack of appeal to the 
masses, its frequent divorce from real life problems, its 
overlogical organization, its separation from social 
significance, its emphasis upon subject rather than 
learner, its traditional disciplines, etc. There is enough 
truth in each of these criticisms to justify asking: What 
kind of science do you wish all to have? 

A partial answer to this question is, of course, implied 
in the discussion thus far, but the following rejoinder is 
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also pertinent: How can we determine what kind of 
science to teach until we try teaching some science? 
The sad truth of the matter is that few school systems 
have science teaching programs worthy of the name. 
The program in the elementary schools is scandalously 
inadequate. The junior high schools are making the 
most of a bad situation. So-called ‘related science 
courses”’ in vocational schools do not even aim at the 
contributions which science can make to education for 
citizenship. Science teaching in academic high schools 
is spotty and meager. Sequential learning is difficult 
in an overcrowded curriculum. At few points in our 
educational system do we find any great concern for 
bringing the natural sciences into vital relationship 
with the social studies or with other real educational 
school experiences. 

We do not know what kind of science to offer in the 
junior high school to children who have had six years 
of the right kind of elementary science. Nor do we 
know just what kind of biology, chemistry, and physics 
would be suited to pupils who have experienced the se- 
quential learning of the preceding nine years. Actually, 
the course in general science assumes little previous 
science learning. Toa large extent, biology, chemistry, 
and physics develop their respective understandings as 
if pupils never have had contact with science experi- 
ences before. 

Adequate attention to science in -the curriculum 
would bring more and more of the material usually 
taught in senior high schools, down into the junior high- 
school grades, there to displace material that will seek 
lower levels still. There are few science concepts that 
involve inherent learning difficulties that cannot be 
overcome by proper methods of teaching. Sequential 
learning and a planned program will make easy many 
things that now seem difficult. The tact is that our 
present grade-placement of science ideas shows a his- 
tory of displacement downward in some cases from 
college to elementary school. 

The struggle among compartmentalized subjects for 
what they believe is a rightful share of curricular time 
is somewhat tragic. No sound educational solution can 
come from this free-for-all competition. The fore- 
going paragraphs are in no sense a brief for the “‘rights 
of science’ to more curriculum time. We do argue, 
however, for a recasting of the program in such a man- 
ner as will make possible a science experience commen- 
surate with the needs of modern living. There is but 
one way to achieve this. The walls between subjects 
must be removed. Ideas that belong together must be 
brought together. Teachers must be re-educated to 
explore beyond their narrow specialties. Whenever 
this is done, lots of ‘‘dead wood”’ drops away. Dup- 
lications are avoided and time is saved. 

The time is especially ripe for this kind of curriculum 
reconstruction at the high-school level. As teachers 
are forced by administrative necessity to teach ‘‘out of 
license,’ they make new orientations. They discover 
new applications and enriched opportunities. Horizons 
are broadened, new perspectives gained. New rela- 
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tionships are infused into class discussions. The most 
interesting phenomenon of all is to find teachers “‘in- 
tegrating’’ two or more subject matters through the 
utilization of an experience drawn from the life needs 
of the pupil. 

If we are to consider the curriculum problem realisti- 
cally we cannot hope for more than three years of high- 
school science. If that is true, science subject matter 
must be reorganized. In the process of reorganization 
we should be much more interested in essential concepts 
to be included than in titles of courses. In other words 
we should see to it that the year of general science in- 
cludes certain understandings in chemistry that have 
been neglected in the past and that the remaining two 
years of science include important chemistry subject 
matter regardless of the course label to be employed. 
We must recognize that a given course cannot con- 
tribute equally to the needs of all children. Only about 
15 or 20 per cent of our boys and girls are equipped by 
native ability to make use of science for vocational or 
professional purposes. For this group a four-year se- 
quence in the sciences is feasible, and in this sequence 
we should retain the courses in biology, chemistry, and 
physics. For the remaining 80 to 85 per cent of stu- 
dents, the reorganized courses would seem to be more 
desirable. 

While time does not permit an extended description 
of the reorganized course in science, we should like to 
stress that it need not abandon quantitative work, nor 
individualized laboratory work. Although fusions in 
subject matter are necessary, basic principles of science 
can still be the core of the course. Experience indicates 
that we need not fear the effects of integration in the 
hands of well-trained teachers. We can rely upon such 
teachers to develop the new methods and the new text- 
books that a three-year science sequence will require. 

Thus a problem emerges in connection with the train- 
ing of science teachers. The problem must be solved on 
two fronts: first, in the recruitment of science teachers 
from the liberal arts colleges and teacher training insti- 
tutions; secondly, and more important for the imme- 
diate postwar period, the development of a program of 
in-service retraining. On the first front it is essential 
that the training focus first upon science subject mat- 
ter. Methods of teaching can wait. It is especially 
important to avoid too narrow specialization. While 
the high-school teacher of chemistry must delve deeply 
into the subject matter of chemistry, he must also be 
thoroughly conversant with the fields of college biology 
and physics. It is important that he be well grounded 
in laboratory procedures and that he have had some 
real experience with the method of experimental re- 
search. His training in school procedures and class- 
room methods can be provided most effectively in the 
practice school and during his apprenticeship under 
the guidance of expert teachers. In the matter of re- 
training, we must rely largely upon in-service courses. 
Here the colleges have an important part to play. The 


war has undoubtedly brought much new knowledge into 
existence. 


Again, subject matter is the first need. 
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The newer teaching procedures can well be handled in 
each community through workshop courses led by the 
more expert classroom teachers. 

Still another emerging problem involves the status 
of the laboratory in high schools. Even before the war, 
individualized laboratory work was giving way to 
lecture-demonstrations. While the latter are valuable 
and should be still further developed, many have re- 
gretted the rapid reduction and even elimination of 
experimentation by each pupil in the laboratory. The 
war has aggravated the problem, since apparatus and 
equipment have usually involved strategic materials. 
The situation is deplorable. If science has one out- 
standing contribution to make to the education of a 
citizen it is providing first-hand contacts with natural 
phenomena. These contacts should provide a setting 
in which a question is put to nature and in which evi- 
dence can be gathered by the student. The procedure 
by which this evidence can yield an answer is the heart 
of the scientific method. Unfortunately much of our 
elementary laboratory work is of the cook-book variety. 
The student knows the answer by consulting the text- 
book, long before he goes into the laboratory. Often 
laboratory procedure consists of forcing the apparatus 
to give predetermined data. This is a negation of the 
scientific method and contributes little toward achiev- 
ing the educational aims which justify science in the 
curriculum. We must have more individualized labora- 
tory work, but it must be work of a distinctly different 
kind. 

We cannot conclude these remarks on emerging prob- 
lems without making brief reference to a recent event 
which to our way of thinking is a milestone in the his- 
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tory of science teaching in this country. On April 1, 
1944, at a conference in Pittsburgh, the American 
Science Teachers Association and the American Council 
of Science Teachers proposed a merger of their organi- 
zational resources. Attempts in the past toward uni- 
fication have not succeeded in enlisting full support. 
Teachers of science have always had two sources of in- 
spiration. On the one hand there was organized science 
and on the other hand organized education. Some 
science teachers allied themselves with the American 
Association for the Advancement of Science and others 
with the National Education Association. This dual- 
ism has kept us apart. Hence our programs and our 
progress have not been fully effective. 

The Pittsburgh conference opened a way for eliminat- 
ing this unfortunate dualism. A platform of action 
and a constitution were developed, which fused the 
best thinking of many science teachers’ groups. There 
was created a single organization, The National 


Science Teachers Association, predicated upon the. 


prior merger of existing groups and based upon the 
hope that it would be sponsored by both the A.A.A.S. 
and the N.E.A. Since then the vote has been held. 
As president of one of the groups it is with gratification 
that the writer can report that the merger and the plat- 
form were unanimously approved by 22 affiliated science 
teacher groups. The vote of the other national group 
was also unanimous in favor of the merger. We hope 
that the Division of Chemical Education of this society 
will support the new N.S.T.A. 

With essential unity among scientists and science 
teachers, there is great promise that the problems which 
emerge in the postwar era will be solved. 


OUT OF THE EDITOR’S BASKET 
(Continued from page 599) - 


The new spectrometer provides an extremely ac- 
curate method for measuring distribution and intensities 
of x-ray reflections. For certain applications, it has 
some advantage over conventional diffraction procedure 
which entails exposure and development of film besides 
measurements and computations. The spectrometer 
provides a rapid method for directly determining loca- 
tion and intensity of diffracted rays. 

A scanning device, having a Geiger counter tube 
arranged to traverse a graduated quadrant, is used in 
combination with suitable scaling circuits. The in- 
tensity measurements are quantitatively accurate and 
can therefore be used to determine composition of 


ial 
A 


Happy New Urar 
ial 


crystalline mixtures. Quantitative analyses of mix- 
tures can be obtained in a matter of minutes. 

In actual operation, the specimen inserted in the 
specimen Holder intercepts the x-ray beam and deflects 
portions of it at various fixed angles. When the 
Geiger counter tube is moved around its quadrant, it 
measures angular displacement and intensity of the 
deflected beams. A d.-c. microampere meter reads 
intensity—the quadrant, marked in degrees, shows 
diffraction angles. A stepping counter, employed in 
conjunction with a specially developed scaling circuit, 
provides a means for exacting quantitative determina- 


tion of intensity. 
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Scholastic Training 


for a Career in Chemieal Literature Research 


MARY ALEXANDER, NANCY CORBIN, and GUSTAV EGLOFF 


Universal Oil Products Company, Chicago, Illinois 


INTRODUCTION 


NHEMICAL publications are more than a historic 
C record of progress. They are an integral part of 
chemical research. The literature serves the chemist 
as a source of inspiration and factual knowledge, and 
as a means of avoiding the rediscovery of already known 
facts. Scientific periodical literature began with the 
publication of the Philosophical Transactions of the 
Royal Society in 1665. Patent literature first appeared 
in 1617 when British Patent No. | on ‘Improvements 
in Engraving and Printing Maps’’ was issued to A. 
Rathburne and R. Budges. These dates signify the 
period which marks the transition from alchemy to 
chemistry as a science. Since that time, the field of 
chemistry has grown from a few small laboratories to 
an enormous industry. To keep pace with experi- 
mental work, the volume of literature has increased 
from one journal in 1665 to about 3800 abstracted by 
Chemical Abstracts in normal times. This enormous 
growth in the volume of publications is indicative of 
their importance to the development of science and 
industry. : 

The greater the volume of publications, the more 
difficult it becomes to find all of the information on a 
specific subject. For this reason, it is increasingly 
necessary that all chemists be acquainted with the liter- 
ature and that some be especially trained for library 
research. The laboratory researcher cannot review the 
literature completely and at the same time get much 
done in the laboratory. He should have the assistance 
of a competent person who will select the more import- 
ant articles from the many appearing in his field. Al- 
though mature judgment and facility in handling the 
literature are largely the results of experience, schol- 
astic preparation can provide the proper background. 
A review of 100 college catalogs shows that over 25 now 
offer a course in the use of chemical literature. A grow- 
ing recognition of the importance of chemical literature 
is apparent because many of these colleges have only 
recently been presenting this course. The subject, 
however, is of sufficient scope and importance to war- 
rant additional study. The announcement of four 
courses of training in chemical literature to be given at 
Wayne University promises an important advance in 
this direction. A brief description of this series fol- 
lows :? 


1 Presented before the Division of Chemical Education of the 
American Chemical Society, 108th meeting, New York City, 
September 12, 1944. 

2? GorbDon, NEIL E., Private communication, Wayne Univer- 
sity, April 26, 1944. 


1. Each of the four courses will carry three credit hours 

2. These courses are offered to seniors or graduate students. 

The first course covers the ordinary chemical literature 

course given in most colleges and universifies. The 
second course covers a study of patent literature. The 
third and fourth courses will cover actual experience in 
abstract and monograph work. 

4. The graduate student will have the same training in 
mathematics, physics, and chemistry as the Ph.D. stu- 
dent and will have the work mentioned above in addi- 
tion to that. The thesis is based upon a laboratory 
problem. 

5. The language requirement will be a reading knowledge of 
French and German. The student completing all four 
courses in chemical literature will also be required to have 
a reading knowledge of Russian for the Ph.D. degree. 

6. The complete course will be given to a limited number of 
students, but the first half will be required of all students 
taking a Ph.D. in chemistry at Wayne University, that 
is, the first two courses. 


w 


OPPORTUNITIES 


Before considering the specific training desirable for 
chemical literature research, the chemist is interested 
in knowing what opportunities are open in this field. 
These vary with extent of training and experience and 
with personal inclination. This type of work involves 
much more than routine library duties; it includes 
actual research in the literature. 

The compensation varies with the nature of the work 
and the qualifications of the chemist. In some in- 
stances the salaries have been lower than those of simi- 
larly educated chemists doing laboratory research. 
These inequalities are usually brought about by chemists 
who function only as clerks or those who have failed, at 
least, to impress their employers with the idea that 
they are any more than clerks. When the literature 
research is of such quality that it gains recognition as 
an indispensable part of the research program, the 
salaries are adequate and the opportunity for higher 
pay is good. 

Attractive positions are available in the libraries of 
industrial concerns and research foundations. The 
duties involved usually include the cataloging of ma- 
terial, preparation of bibliographies and finding specific 
data for the chemists in the laboratory, making patent 
searches, abstracting current literature, editing, and 
writing publications. Many small concerns offer posi- 
tions in which the individual does both literature search- 
ing and secretarial work, since the volume of research is 
too small to occupy all of a person’s time. The demand 
for chemists as patent searchers, abstractors, and speci- 
fication writers in industry is growing. The editing of 


615 





616 


technical bulletins of industrial concerns known as 
house organs, trade journals containing scientific in- 
formation, and purely scientific journals is another field 
open to chemists. Furthermore, many popular periodi- 
cals and newspapers have science editors on their staffs. 
The compilation of chemical knowledge into selective 
treatises or tables presents diversified opportunities. 
Authors and editors frequently employ assistants to 
check references, prepare bibliographic lists, and com- 
pile the collected material. Translators with chemical 
knowledge are needed by chemists who lack either the 
knowledge of languages or the time to make their own 
translations. 

The nature of positions open to chemists in literature 
searching is as varied as in laboratory research, if not 
more so. Every student should thoroughly investigate 
all the practical opportunities which his education opens 
to him. The importance to his happiness and material 
success of doing a type of work compatible with his 
tastes and temperament cannot be overestimated. 

The proposed training which follows is suggested in 
line with the opportunities in this field. The broad pro- 
gram is not submitted with the intention that any one 
student could or should cover the whole but with the 
view that a wide selection of courses will enable each 
student to prepare for a specific type of work. 


PREREQUISITE AND COREQUISITE SUBJECTS FOR STUDY 


Training for doing chemical literature research in- 
cludes study in many fields. An effective search of the 
literature demands a fundamental knowledge of the 
subject matter. The first requisite for conducting 
chemical literature research is, therefore, a sound back- 
ground in chemistry. Unless the library searcher has 
chemical training almost equivalent to that of the lab- 
oratory research worker the latter will have little con- 
fidence in abstracts and searches made by the former. 
The courses of study prescribed by colleges offering a 
chemistry major usually include general and inorganic 
chemistry, qualitative and quantitative analysis, or- 
ganic chemistry, and physical chemistry. Advanced 
courses in one or more of these fields are also desirable. 

The laboratory should not be slighted by those ex- 
pecting to specialize in literature research, for abstract 
knowledge not supplemented by experience in practical 
application has a tendency to distort one’s concept of 
the actual problems. Several research men were asked 
for suggestions on improvements of literature service. 
They stated that much better coordination could be 
had if the library personnel made frequent visits to the 
laboratory and actually saw the experimental work 
going on. As a result, the library worker could more 
readily acquire research-minded perspective. The 


laboratory worker goes to the library to supplement 
his ideas for research. One would think, then, that the 
library worker, spending his full time with the chemical 
literature, would be an unending source of research 
ideas, and would keep a steady stream of suggestions 
flowing to the laboratory and the patent department. 
Yet this is too frequently not the case. 


Practical lab- 
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oratory experience, particularly along research lines, 
and application of a research point of view to his read- 
ing will enable the library worker to give more profitable 
assistance to the laboratory. 

In addition to theoretical and experimental knowl- 
edge of pure chemistry, the student should become 
acquainted with industrial technology. This aspect of 
chemistry and the associated terminology could be 
given to the student through assigned reading on tech- 
nological subjects and field trips to industrial plants 
followed by examinations covering the reading and 
trips. Industrial technology is frequently omitted, 
particularly in the case of women. A chemical li- 
brarian of many years’ experience relates the history of 
one young lady who regarded the work in a petroleum 
research library only as something involving ‘‘pencil 
and paper, the printed page, the faithful searching of 
Chemical Abstracts’ before she took an enlightening 
trip through an oil refinery. The marked improvement 
of her work thereafter convinced her supervisor that 
women chemists should encounter more of the ‘‘grease 
and grime” of chemical industry. 

A reading knowledge of some foreign languages is 
essential to all chemists. In order to cover most of the 
older literature, both French and German are necessary. 
The study of Russian is becoming equally important 
because an increasing volume of scientific work is being 
published in that language only. Italian, Dutch, 
Spanish, and others may be helpful, but most chemical 
literature appears in English, German, Russian, and 
French. The chemistry student, if possible, should 
take foreign language courses comprised of reading in 
scientific subjects and, if such courses are not offered, 
he should supplement the given courses with scientific 
reading. 

Related scientific study must include physics and 
mathematics because the interpretation of chemistry is 
highly dependent on their laws. A basic course in 
physics may be sufficient. Mathematical study should 
be continued at least through calculus. The extent to 
which sciences such as bacteriology, zoology, and geol- 
ogy should be studied is largely a matter of personal 
preference. The type of company one may be working 
for cannot be predicted early enough to permit a wise 
choice on that basis. The details of these subjects 
relevant to chemical research are usually learned when 
one encounters them in specific problems. Schooling 
in at least one of these sciences is recommended, how- 
ever, for the purpose of acquiring broader perspective 
in scientific methods. 

A basic course, at least, in engineering is very valuable 
to patent department personnel. Some knowledge of 
machine elements is almost essential in this field. To 
pass the United States Patent Office examination so 
that one can qualify as a patent agent this knowledge is 
essential. There is an increasing demand for personnel 
who have had thorough training in mechanical and 
electrical engineering and electronics. 

A course in logic is useful to the chemist, for science 
can progress only through logical thinking. Logic is 
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necessary in planning experimental work and evaluating 
the results as well as in gathering and correlating in- 
formation found in the literature. Logical thinking is 
the basis for acquiring a sense of discrimination. It is 
indispensable to good abstracting and indexing. For 
example, material is frequently classified under the 
wrong heading because of failure to differentiate be- 
tween the main subject and incidental information in a 
publication. 

Typing and shorthand are valuable tools, particularly 
for the literature searcher. In libraries, the records 
should be typed, and many positions include some 
secretarial duties along with literature searching. A 
chemist with secretarial abilities usually has a greater 
choice of jobs than one with scientific background only. 

Journalism courses are helpful to students desiring a 
career in science news reporting or technical writing. 
For work of this kind, inclusion of journalism is prob- 
ably more necessary than some of the detailed training 
in the use of chemical literature. 


BASIC COURSE WORK IN CHEMICAL LITERATURE 


A general basic course of at least three semester hours 
in the use of chemical literature should be on the re- 
quired list for all chemistry majors. This training 
should be prerequisite to graduate study, because the 
student must conduct a literature survey before be- 
ginning his laboratory research. Even though the 
chemistry student is later employed by a concern pro- 
viding library assistance, he must be well enough ac- 
quainted with the literature to direct searches on his 
problems efficiently. 

An appropriate introduction to the use of chemical 
literature may be effected by acquainting the student 
with some of the excellent manuals written on this sub- 
ject. Crane and Patterson’s ‘“‘The Literature of Chem- 
istry,’’ Mellon’s ‘“‘Chemical Publications, Their Nature 
and Use,”’ and Soule’s ‘‘Library Guide for the Chemist”’ 
all contain general instructions for literature searching. 
In addition to general information, many peculiarities 
of the literature are discussed. These books contain 
lists of journals devoted to specific purposes. For good 
comprehension of the manuals, simultaneous class in- 
struction and actual use of the library are necessary. 
Mellon has outlined a series of literature problems help- 
ful in course instruction. 

In a basic course, much emphasis should be placed 
upon the keeping of neat and accurate records. A 
reference recorded wrongly causes time to be lost later 
in correcting it, and sloppy work will always lead to 
errors. 

All types of scientific publications should be surveyed 
in the general course. Exercises in the use of some of 
the more important secondary sources such as the ab- 
stract journals, Beilstein, and the Critical Tables 
should be assigned as well as problems which necessi- 
tate the use of journals printing original research. The 
assignments should cover the well-known chemical 
journals thoroughly enough to inform the student 
about the nature and quality of articles published. 
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The patent literature should not be overlooked, for 
many chemists will be concerned with it to some extent. 
Although time would not permit detailed discussions, 
generalities could be presented in a few lectures on the 
use of patent indexes, the manner in which patents“are 
written, and patent law. 

Another general course including technical English 
and its use in the presentation of laboratory findings 
should be offered. Exercises in writing both complete 
articles and abstracts should be included. As much 
emphasis should be placed upon logic and balance as 
upon good English usage. Without these, an article 
usually gives the impression that the author is not well 
acquainted with his subject, or even worse, leaves er- 
roneous impressions of fact in the mind of the reader. 
Important research is too frequently buried in the litera- 
ture because it was poorly presented. 


ADVANCED COURSES AND RESEARCH IN THE CHEMICAL 
LITERATURE 


More detailed work included in one long or several 
shorter courses is desirable for those who intend to make 
a career of literature research. Effective searching in- 
cludes much more than methodical coverage of the 
literature, and a supplementary course provides the 
student with an opportunity to learn the ‘‘tricks of the 
trade.’’ For example, Soule lists as the final approach 
in making a. library search ‘“‘general browsing,” and 
comments, ‘‘Frequently as the end of a search is ap- 
proached, a casual inspection of a book initially ignored 
may disclose some very valuable data.’’* 

Before studying the literature itself, the searcher 
should be familiarized with library organization inas- 
much as some companies require the chemist to organ- 
ize a research library. Knowledge of existing library 
classifications such as the Dewey Decimal Classifica- 
tion and Library of Congress Classification will be help- 
ful in organizing a library, in cataloging new material, 
and in using public libraries. The searcher should be 
well informed on library privileges and the benefits of 
interlibrary loans, photostating, and microfilming so 
that he can make the most efficient use of these. 

The literature is usually first approached through 
secondary sources. It seems fitting, therefore, to begin 
with the consideration of various types of problems 
encountered in connection with the use of secondary 
sources. An intimate knowledge of the major ab- 
stract journals and comprehensive works is necessary 
for almost all kinds of searches. Particular weight 
should be given to a study of their indexes. Bez/stein 
and the International Critical Tables are systematized 
along such intricate lines that special study is necessary 
for their effective use. A knowledge of the limitations 
of these sources will aid the chemist in knowing how far 
to go for completeness and when to apply the law of 
diminishing returns. Handbooks, monographs, and 
review articles should also be studied as secondary 
These publications are rather specific in 


sources. 


3 SOULE, “Library Guide for the Chemist,’ McGraw-Hill 
Book Company, Inc., New York, 1938, p. 121. 
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nature but are particularly valuable in making short 
surveys. 

Periodicals which publish original articles vary in 
scope. A detailed study of these is essential. The 
publications include journals of general chemistry, both 
pure and applied, journals of the major chemical fields, 
and of various industrial classifications. 
to a knowledge of the subject matter and quality of 
these journals, the student should learn such peculiari- 
ties as changes in volume and series numbering and 
change of title. For example, the Journal fir prak- 
tische Chemie has a second series of volume numbers 
but the first series volume numbers are also continued 
and a reference may give either series. This journal 
has complicated matters further by starting a third 
series of 1943 and changing its name to the Journal fur 
makromolekulare Chemie. Articles published in Monat- 
shefte fiir Chemie also appear in Sitzungsberichte der 
Akademie der Wissenchaften in Wien. If one of these 
journals is not available the other may be, and by use 
of the author index, the desired article is readily located. 

Some time should be spent in acquainting the litera- 
ture searcher with government publications, graduate 
theses, and house organs, all of which include informa- 
tion not found elsewhere. The government publica- 
tions are often difficult to locate, because so many de- 
partments publish material of interest to the chemist 
and because they are seldom abstracted by the well- 
known abstract journals. Theses usually are pub- 
lished in complete form only by the universities where 
they are written, and the policies in regard to publica- 
tion vary widely. Frequently valuable details appear 
only in the original thesis which has never been pub- 
lished in full. House organs published by chemical 
companies are interesting and informative to the chem- 
ist as a means of keeping up with current industrial 
developments. These publications are of particular 
interest to the chemist whose future position may in- 
volve the publication of house organs. 

The patent literature is a subject apart from other 
chemical literature and should be treated separately. 
The methods used in locating patents differ from those 
used in other searches, and an exhaustive patent search 
requires the services of an expert in the field. In this 
course, the student should be familiarized with indexes, 
classifications, and subclassifications used by the patent 
office. A study of the special form in which patents are 
written should be included to show the chemist what to 
look for and where to find it. For the benefit of future 
specification writers, the ‘“‘Rules of Practice’ of the 
Patent Office must be given some study. Although an 
LL.B. degree is necessary for one to become a patent 
lawyer, an introduction to patent law in this course is 
worth while so that the chemist will understand to some 
extent the many technicalities involved in securing a 
patent. Chemists should be particularly concerned 
with these documents, as their welfare is in many cases 
dependent on them. Cooperation with the laboratory 


research chemists requires good understanding of what 
is patentable, how it is patented, and an appreciation 


In addition ) 
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of other aspects of patent law by the literature searcher. 

The student specializing in literature research needs 
training in the preparation of abstracts. Articles 
should be assigned from a wide selection of fields and 
the abstracts prepared in forms varying from general 
and descriptive to specific and detailed. If an indus- 
trial concern employs literature searchers with good ab- 
stracting ability, the burden of reading which the lab- 
oratory personnel would otherwise have is lessened 
considerably. Good abstracting is highly important 
in keeping the whole of chemical literature in good 
order, as subject indexes to secondary sources are made 
from abstracts. The inadequacy of existing indexes is 
partially the result of poor abstracting. Many subject 
indexes are in reality not these at all but word indexes, 
for the indexer has had so little information in addition 
to the title that he could not index the abstract under 
the proper subject headings. 

A prograth incorporating practical experience in in- 
dustrial libraries with scholastic instruction is highly 
desirable. Many schools arrange for chemistry stu- 
dents to be employed in industrial laboratories during 
the summer vacation period, and others divide the aca- 
demic year so that part is spent in school and part in 
industrial laboratories. The same type of curriculum 
would prove advantageous to the future literature 
searcher. By spending part of his time in industrial 
libraries, he could acquire experience in widely different 
industries during a few years of schooling. 

Although the pursuit of a laboratory research prob- 
lem is important for the chemist who will enter the 
literature field, research on problems of the literature 
would contribute much to the chemical profession. A 
program permitting the student to undertake both a 
laboratory and a literature research problem is possible 
in schools which allow seniors to do special work leading 
to a bachelor’s degree with honors. The student may 
then attack a laboratory problem while an undergradu- 
ate, and be free to undertake research on literature 
problems as a graduate student. An alternative sug- 
gestion for the student who intends to take a Ph.D. is 
the pursuit of problems in both of these fields, and use 
of the shorter of the two for the Master’s thesis. 

Many problems related to literature research are of 
sufficient importance to interest the graduate student, 
and a thesis could be written on a subject of this type. 
This suggestion is a departure from the conventional 
chemical research problem in universities. In the last 
few years, however, deviations have been made at some 
schools which make it possible to receive a Master’s 
degree without a laboratory research problem. The 
University of Chicago, for example, awards both “De- 
partmental’ and ‘‘Divisional’’ Master’s degrees. The 
‘Departmental’ degree is awarded for the usual ad- 
vanced study and completion of a laboratory problem 
and thesis. The ‘Divisional’? degree in physical 
sciences is awarded for advanced study in two or three 
departments of the Division of Physical Science plus an 
essay on a subject approved by the department of 
specialization. A problem on chemical literature 
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searching might be selected as the subject for such an 
essay by the student interested in this field. 

A topic of sufficient scope for graduate study is sub- 
ject index classifications. When the amount of informa- 
tion buried because of poor indexiny is considered, 
this problem becomes one of paramount significance. 
One might think it a problem for the library science de- 
partment, but good indexing is so dependent upon 
knowledge of subject matter that chemical indexing is a 
problem of the chemist. Crane and Patterson cite the 
following example of what can result from indexing 
according to the title alone. An article entitled ‘“The 
effect on pigeons of eating polished rice’’ would be 
classified in a word index under ‘‘Rice’’ and ‘‘Pigeons”’ 
while the subject actually studied would be “Vita- 
mins.’""* Journals indexing the same type of subject 
matter for a number of years build up a system of cross 
references which work very well, but even these 
journals resort at times to word indexing. In an ab- 
stract journal which usually adheres closely to subject 
indexing, the following discrepancy was found in a 
search for references to methane as motor fuel: 


‘Methane 
conversion to motor fuels 
in motor fuel manuf. 
from sewage, sepn. transportation and use as motor fuel 
and its use as motor fuel.’’ 


Each of these notations referred to a different publica- 
tion and the search, therefore, necessitated an examina- 
tion of each subheading under methane which took 





4CRANE AND PATTERSON, ‘The Literature of Chemistry,” 
John Wiley and Sons, Inc., New York, 1928, p. 175. 
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much more time than if all had been under ‘‘Methane- 
as motor fuel,’’ with separate headings for subjects such 
as ‘“‘.. . from sewage’ and “. . . in manuf. of motor 
fuel.”’ 

Another suggested problem is a thorough systemati- 
zation of nomenclature. No system has been set up 
that permits one to name a large number of compounds 
without difficulty. For example, in naming the alkyl 
benzene hydrocarbons, long names involving double 
prime numbering, parentheses, and brackets result from 
consistent use of any one system. Considerable work 
has been done in standardizing nomenclature but there 
is much room for improvement. 

If the granting of an advanced degree for a literature 
searching problem seems too radical a departure from 
present college practice, another suggestion is made. 
In most research problems leading to a Master’s degree 
or a Ph.D., the main emphasis is placed on the labora* 
tory work, with only just enough reading to give some 
background in the subject. For a student interested 
in the literature searching field, the emphasis might well 
be reversed; thus, a problem could be chosen which 
would require a complete literature survey and rela- 
tively little laboratory research. This program would 
give the student valuable training in covering all types 
of chemical literature, as well as the practical laboratory 
experience so necessary for well-balanced training. 

As the volume of research and chemical industry in- 
creases, revisions in our educational system become 
necessary. The suggestions made here are in the in- 
terests of providing the student with an adequate back- 
ground and coping with problems encountered in 
chemical research and industrial development. 


LETTERS 


To the Editor: 

It is noted that on page 474 of the JOURNAL OF 
CHEMICAL EpucaTION for October of this year a small 
notice appears entitled, ‘“Vitamin C and tooth decay.” 

In the text of the notice, vitamin C is not connected 
with tooth decay, so far as we can determine, and so far 
as we are aware, vitamin C would not have any in- 
fluence on tooth decay under ordinary conditions. 

The relation of the vitamins to the teeth has been 
the subject of much misleading propaganda to which, 
I am sure, you do not care to become a party. 

DoNALD A. WALLACE 


SECRETARY, COUNCIL ON DENTAL THERAPEUTICS 
Curcaco, ILLINoIs 


To the Editor: 

It seems odd that in the majority of the colleges in 
the United States the logical judge of the ability of a 
teacher, the student, is never consulted. I suspect 
that most college graduates have spent in the class of an 
incompetent man time better spent almost anywhere 





else. Students still have to endure the “‘research pro- 
fessor’ who “‘knows his subject but can’t teach it’”’ and, 
at the other extreme, the education college product who 
knows how to teach but has overlooked the subject 
matter. ... 

I quite agree with you that good teaching is in con- 
siderable part a matter of meshing personalities, but 
why are there some professors acknowledged by all of 
their students to be poor teachers? 

The situation may be one result of the idea, peculiarly 
American, that the way to improve educational facilities 
is to erect better buildings with better rest rooms, 
gymnasia, etc., even if teachers’ salaries must be kept 
low in order to accomplish this. A college president 
is known by the number of “improvements” made on 
the campus during his administration. ... 

May the JOURNAL OF CHEMICAL EDUCATION con 
tinue to push these matters of (1) standards for chem- 
istry teachers, and (2) a more real recognition of good 
teachers. W. C. FRISHE 


ALABAMA POLYTECHNIC INSTITUTE 
AUBURN, ALABAMA 








Report 
NEW ENGLAND ASSOCIATION 
of CHEMISTRY TEACHERS 


of the 


Vital Materials from Sea Water 


A. A. LAWRENCE 


Dow Chemical Company, Boston Massachusetts 


N VIEW of the fact that the tremendous mass of 

water which covers something like 71 per cent of 
the sphere we live on has been one of the most dominant 
factors in the development of civilization, it is some- 
what remarkable that so little has been written upon the 
chemical composition of the waters themselves, and 
that so few recorded attempts have been made to ex- 
ploit them as a natural resource. 

The first really comprehensive analysis was made 
by Dittmar in 1884. Dittmar’s analysis listed: more 
than 30 elements and more recent investigations have 
brought the total up to 50. 

Aside from uncovering a number of ‘‘new’’ elements, 
Dittmar’s analysis proved one very interesting and 
important fact—that the composition of sea water is 
essentially constant in all parts of the world. 

For most practical purposes we may consider that sea 
water contains the elements chlorine, sodium, mag- 
nesium, calcium, potassium, bromine, boron, and fluor- 
ine, chiefly in the form of various soluble salts, with 
the other elements in concentrations too small to be 
given serious consideration at this time. These range, 
in order, from chlorine at 19,000 parts per million down 
to fluorine at 1.4 paris per million. 

Until very recent years few attempts had been made 
to extract any of the oceans’ impressive array of chem- 
ical elements and compounds. The notable exception 
is, of course, common salt. From the earliest days of 
salt making, the extraction of sodium chloride from 
ocean water has been, and still is, accomplished chiefly 
through solar evaporation. 

Of comparatively recent origin is the use of the 
bitterns from this process for further chemical reduc- 
tions. Notable in this field is the Westvaco Company 
of San Francisco which uses this concentrated liquor 
from the salt beds for the production of bromine, 
magnesium chloride, hydroxide, and oxide, and calcium 
sulfate or gypsum. 

The trend toward high-compression gasoline engines 
in the early 20’s made necessary the treatment of motor 
fuels with tetraethyl lead to prevent “knock.” Tetra- 

1 Abstract of an address presented at the Sixth Annual Summer 


Conference, New England Association of Chemistry Teachers, 
New London, Connecticut, August 24, 1944. 





ethyl lead, when used alone, fouled sparkplugs, valves, 
and piston rings, a difficulty which it was found could 
be eliminated by the addition of a small amount of 
ethylene dibromide to the mixture. Chemists real- 
ized the inadequacy of existing sources of bromine and 
set about looking for new ones. In spite of the fact 
that bromine is found in sea water to the extent of less 
than 70 parts per million, this source was seriously 
considered because it obviously represented an in- 
exhaustable supply. In 1924 the Ethyl Corporation 
began the operation of a small Atlantic coast plant 
which produced tribromoaniline, a s*tbstance which 
could be used for the motor fuel treatment. After 
several months they set up another extraction plant on 
board a boat, the SS Ethyl. However, neither unit 
was commercially profitable and the project was 
abandoned. 

Meanwhile Dow chemists were becoming interested 
in the problem, believing that it might well be possible 
to extract pure bromine from sea water using a process 
similar to that which they had perfected for obtaining 
the element from the Midland, Michigan, brines. How- 
ever, the Midland brines contained some 1300 parts of 
bromine per million as against 65 to 70 parts per million 
in the case of sea water. Because of the slight alkalinity 
of sea water it was first found necessary to add sulfuric 
acid, as well as chlorine, to the raw material, a dis- 
covery which proved to be the real key to successful 
bromine extraction. A search was begun for a suitable 
ocean site which was subsequently found near Wil- 
mington, North Carolina, at the mouth of the Cape 
Fear River. In 1931, a pilot plant was erected on this 
site. In July of 1933, the Ethyl-Dow Chemical Com- 
pany was incorporated, and less than six months later 
a plant having a capacity of 15,000 pounds of bromine 
per day was in operation. Thus in 1933 did science 
accomplish the first commercially profitable extraction 
of an element from this extremely dilute and complex 
chemical solution. 

The Dow Chemical Company first became interested 
in magnesium during the early years of World War I 
as one of several American concerns which went into 
the business when supplies of the metal from Germany, 
then the sole producer, were cut off. As might be ex- 
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pected, the end of the war dropped the bottom out of 
the American market for this metal which few people 
in this country then regarded as having structural pos- 
sibilities. The price, which was $5.00 a pound in 1915, 
was down to $1.30 by 1921, and only two companies 
carried on with the work—American Magnesium 
Corporation and The Dow Chemical Company. 

Through the discovery of new uses for the metal at 
home and sales abroad the demand increased and in 
1937 the program was expanded. Guided by our ex- 
perience with the successful extraction of bromine from 
the ocean at Wilmington, we naturally turned to the 
sea again as a potential source of magnesium. Sea 
water contained magnesium chloride as did the natural 
brines at Midland, and while the compound was found 
in much smaller concentration in the sea than in the 
Midland brines, still this concentration in sea water 
was approximately 20 times that of bromine. After 
careful consideration, the conclusion was reached that 
it was cheaper to pump water than to mine rock. 

In addition to sea water, the requirements included 
an abundance of cheap power, limestone, and salt. A 
site embodying all these requirements was found at 
Freeport, Texas, and plans were laid calling for facilities 
capable of handling 300 million gallons of water a day, 
and on January 21, 1941, the first ingot of magnesium 
was poured—the first metal, of any consequence, in 
the history of the world to be taken from the waters 
of the oceans. 

The sea water is drawn from a ship canal through 
large grid and rotary screens well below the surface 
and through a flume to the plant. Oyster shells, 
dredged from*Galveston Bay, are received at the plant 
by barge and unloaded over a conveyor belt to primary 
storage. The shells are then put through a rotary 
screen washer and conveyed to a 300-foot rotary kiln 
where they are burned to lime. The lime is sent 
directly from the kiln to rotary slakers and emerges as a 
thick slurry of milk of lime. 

The lime slurry from the slakers is piped into a Dorr 
thickener 150 feet in diameter in which it is dewatered 
to a thick sludge. This thickened sludge drawn from 
the bottom of the thickener is sent into six launders on 
the surface of a flocculating tank where it meets the 
incoming sea water. The resulting magnesium hy- 
droxide floc suspended in sea water is then distributed 
to four 200-foot Dorr thickeners from which the hy- 
drate is pumped to the filters. Suction is applied 
through the leaves until a cake an inch or more in 
thickness is built up on the leaves. The unit is then 
moved to an adjoining compartment where the cake is 
loosened by air pressure. This material is then mixed 
with magnesium chloride brine and pumped to the 
neutralizing unit where it is treated with crude hy- 
drochloric acid and reconverted into magnesium chlo- 
ride. 

The dilute solution is concentrated in direct-fired 
cylindrical furnaces, and the resulting concentrate 
further filtered and evaporated until it emerges as 
practically anhydrous magnesium chloride to be fed 
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into the electrolytic cells. The fused metal rising to 
the top of the cell bath is removed by hand ladles and 
poured into pigs having an average purity greater than 
99.9 per cent. 

In the past 20 years men with determination and 
vision have accomplished at least two miracles in mas- 
tery over the sea which would doubtless have been 
scoffed down by the preceding generation. Having wit- 
nessed these achievements, our job is not to scoff, but 
rather to impart, as best we can, that same vision and 
determination to the generation of scientists to come. 


OFFICIAL BUSINESS 


227th Meeting—October 21, 1944 
Phillips Exeter Academy 
Exeter, New Hampshire 


THE 227th meeting of the N.E.A.C.T. was held at 
Phillips Exeter Academy, Exeter, New Hampshire, on 
October 21, 1944, with the following program: ‘Apple 
growing in New England,” James W. Elton, Exeter, 
New Hampshire; ‘‘Experiences in chemistry instruc- 
tion in the Army Specialized Training Program,”’ 
Edward R. Atkinson, University of New Hampshire; 
Demonstrations by Charles L. Bickel, Judson B. Cross, 
Richard L. Dunnell, and Donald H. Miller, Phillips 
Exeter Academy; “Industrial engineering problems 
in New Hampshire,’ Daniel S. Eppelsheimer, Engi- 
neering Experiment Station, University of New Hamp- 
shire; ‘Technical services of the Marine Biological 
Laboratory at Woods Hole,” Elbert P. Little, Phillips 
Exeter Academy. 


Notes 


The 229th meeting of the N.E.A.C.T. will be held at 
Providence College, Providence, Rhode Island, on 
February 3, 1945, and the 230th meeting at Smith 
College, Northampton, Massachusetts, on March 17, 
1945. 

Film Reviews! : 

Aluminum, Mine to Metal: Shows the processes in 
the production of aluminum, including the dynamiting 
of a bauxite mine and the various stages through which 
the ore passes, until ‘“‘alumina’”’ finally reaches the 
electrolytic cells and the aluminum is ladled out and 
poured into ingots. Photography is good and details 
very clear. Recommended for high-school, lay, and 
elementary college: groups. 16mm., sound. 17 min. 
Free except for transportation. Distributor: Alu- 
minum Company of America, Motion Pictures Depart- 
ment, 801 Gulf Building, Pittsburgh 19, Pennsylvania. 

Masters of Molecules: A very good picture in color 
of the process of petroleum refining. A complete 
script is available, showing some of the pictures in a 
booklet of the same name, which may be used for fur- 
ther study. Recommended for high-school, lay, and 
college groups. 16mm., sound. 40 min. Free except 





1 Contributed by Marjory R. Fenerty, Lincoln School, Provi- 
dence, Rhode Island, and Millard W. Bosworth, Vermont Acad- 
emy, Saxtons River, Vermont. 








622 


ae 


for transportation. Distributor: Texas Company, 
20 Providence Street, Boston 16, Massachusetts. 

Crystals Go to War: An excellent film in color showing 
the various steps through which rough quartz crystals 
go until they are made into crystals for radio use. The 
film begins with beautiful photographs of crystals in 
an exhibit at Harvard. Each step is shown in enough 
detail to be understood clearly, but not enough to be 
boring. Excellent for showing the painstaking work 
necessary in any precision manufacture. Recom- 
mended for high-school, college, and lay groups. 
16mm., sound. 40 min. Free except for transportation. 
Distributor: Reeves’ Sound Laboratories, Inc., 62 
West 47th St., New York 19. 

Magnesium, Metal from the Sea: A clear and de- 
tailed description of the extraction of magnesium from 
the concentrated brines in the sandstone beneath Mid- 
land, Michigan, also from the sea water at Freeport, 
Texas. The importance of magnesium alloys is dis- 
cussed. Introduction and wind-up too long, but other- 
wise a good film. Recommended for high-school and 
lay groups. 16mm., sound. 20 min. Free except 
for transportation. Distributor: Dow Chemical Com- 
pany, Midland, Michigan. 
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Working of Magnesium: Presents a very detailed and 
clear step-by-step procedure for machining, welding, 
riveting, cold working, forming, and handling of mag- 
nesium. The chemical treatment of pickling magne- 
sium for protection is described in full. Recommended 
for shop instruction and those concerned with indus- 
trial work. 16mm., sound. 20 min. Free except for 
transportation. Distributor: Dow Chemical Com- 
pany, Midland, Michigan. 

Guardians of Plenty: The story of the du Pont ex- 
perimental work in the preparation of insectides is 
presented in full color. The photography, especially 
of close-up shots of insects, is particularly good. Rec- 
ommended for high-school and lay groups. 16mm., 
sound. 26 min. Free except for transportation. Dis- 
tributor: E. I. du Pont de Nemours & Co., Motion 
Picture Bureau, Wilmington 98, Delaware. 


New Members 


Russell Meinhold, Rogers High School, Newport, Rhode Island 

Donald H. Miller, Hoyt Hall, Exeter, New Hampshire 

Sister M. Columba, OSB, St. Anthony High School, Washington, 
Dac. 


For Longer Life 


ATTY materials, when exposed to air for even a few days, 

generally lose their characteristic flavor and take on an un- 
pleasant ‘‘tallowy’”’ odor. Although it has been known for almost 
30 years that the addition of small quantities of certain mate- 
rials called antioxidants slowed down this deterioration, only re- 
cently have antioxidants been found which are harmless to hu- 
man beings and can be added to food products. 

A large packer has within the past few months introduced re- 
fined lard which will compete with vegetable shortenings, per- 
haps with far-reaching consequences. Ordinary lard has an odor 
preferred by some, but which unfits it for many uses. This is 
one of the factors causing it to sell at low prices. When refined 
and deodorized, its keeping power is so low that it is not a com- 
mercial article. Now the addition of an antioxidant permits 
processing required to build shortening characteristics into it and 
give the otherwise unstable refined product stability and com- 
mercial interest. 

In order to develop satisfactory antioxidants it is necessary 
to know how they work. The oxygen of the air has a tendency to 
attach itself to ‘‘double bonds’’ (unusually reactive parts of the 
molecules), notably to the olein and linolein content of oils and 
fats. At first the attachment is so slight that the oxygen is re- 
movable in some instances, but later the molecule may break at 
the point of attachment to produce two new substances, each con- 
taining firmly bound oxygen, and one of which has an unpleasant 
oxidized or ‘‘tallowy”’ odor. This type of oxidative fat spoilage 
can be prevented by elimination of oxygen from the neighborhood 
of the fat by the use of vacuum or an inert gas, or by the presence 
of antioxidants, substances interfering with the usual course of 
oxidation. Some antioxidants grasp the oxygen more avidly than 
does the fat, and hence keep it from the fat and slow down oxida- 
tion. Other antioxidants are thought or known to combine 
with and neutralize metals which hasten oxidation, such as cop- 
per, iron, and a few others. 

Antioxidants are of many chemical types, but most of the 


natural ones used in food are phenolic substances. A common 
‘nhibitol” or antioxidant of plant origin is the phenol, alpha- 
tocopherol, commonly known as Vitamin E. This yellow-col- 
ored oily material is soluble in fats and oils, and is found in many 
of those with the best keeping properties. It is present, for ex- 
ample, in corn, soybean, and cottonseed oils in quantities up to 
0.1 to 0.2 per cent and in wheat germ oil in three times this 
amount. One commercial antioxidant is based on wheat germ 
oil activated by a trace of organic acid. Another is also a cereal 
product, oat flour. Two that are products of natural resins are 
gum guaiac and nor-dihydro-guaiaretic acid (N. D. G. A.). 
Still other phenolic types are gallic acid and its esters, especially 
ethyl and propyl gallate, and one of the first antioxidants dis- 
covered, hydroquinone. Of all these only gum guaiac, toco- 
pherol, and N. D. G. A. have to date been proved by the Meat- 
Inspection Division of the War Food Administration for inclu- 
sion in meat fats. Besides the phenolic type, there are certain 
amines of particular value as rubber antioxidants. Traces of 
certain sulfur compounds or triphenyl phosphite present in lubri- 
cating oils and greases make these products far more resistant to 
oxidation than highly refined mineral white oils, solvents, and 
petroleum jellies. 

In preserving most vegetable oils, antioxidants generally have 
to be used in relatively large proportions (of the order of 1 per 
cent), and at best the gain through their use is usually only mod- 
erate. Most essential oils also respond but moderately to 
presently available antioxidants. Perhaps the greatest response 
is by some perfume ingredients and by some artificial flavoring 
materials, such as benzaldehyde (bitter almonds) and cinnamic 
aldehyde (cinnamon). Usually in a mixture of oils, some will be 
of antioxidant value and protect the others; it is the pure mate- 
rials that need protection. With animal fats and oils, most of 
which contain only small amounts of natural protective agents, 
the response to antioxidants is relatively great, and is industrially 
significant.—Industrial Bulletin of Arthur D. Little, Inc. 
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OSTWALD-LUTHER’S HAND- UND HILFSBUCH ZUR AUSFUHRUNG 
PHYSIKOCHEMISCHER MESSUNGEN. Fifth edition. Edited by 
C. Drucker. Dover Publications, New York, 1943. xxiv + 
986 pp. 630 figs. 3 plates. 15 K 22cm. $4.95. 

This well-known handbook of experimental physical chem- 
istry, probably the pioneer in the field, first appeared in 1893 
under the authorship of Wilhelm Ostwald. The second edition 
was issued in 1902 in collaboration with R. Luther, and the work 
has subsequently become familiar to the scientific world as ‘‘Ost- 
wald-Luther.’’ The latest (fifth) edition, published in 1931, was 
largely revised and rewritten by C. Drucker, with individual 
chapters contributed by W. Bothe and F. Paneth (Radioactive 
Measurements), W. Gerlach (Applications of Vacuum Tubes), 
R. Gross (X-rays and Crystal Structure), H. von Halban (Chemi- 
cal Dynamics), R. Luther (Calculations), and F. Weigert (Opti- 
cal Measurements). The book under review is a reprint of this 
edition ‘‘published and distributed in the public interest by au- 
thority of the U. S. Alien Property Custodian under licence No. 
A-194."" The American publishers have added an English 
translation of the table of contents, and a glossary of somewhat 
less than 1000 technical terms for the benefit of readers not very 
familiar with the German language. However, those who find it 
necessary to look up the translations of such words as “‘blei,’’ 
“‘dicke,” ‘‘luft,” and ‘‘reich”’ will not get very far with this book. 

“‘Ostwald-Luther’’ is too well known to chemists to require de- 
tailed description; it is sufficient to state that it covers all aspects 
of experimental physical chemistry. Although the book does 
not always give sufficient detail for the use of certain instruments 
or the performance of measurements, there is usually an adequate 
explanation of the fundamental principles involved. In any 
event, there are numerous references to the literature where 
further information can be obtained. 

The publishers are to be congratulated on making this physico- 
chemical classic available to American scientists at such a reason- 
able price. It is unfortunate, however, that the original text was 
written about 14 years ago, and this is a long time in the history 
of physical chemistry. Consequently, while the fifth edition of 
““Ostwald-Luther”’ is still a valuable reference work, it is in- 
evitably not completely up to date in some respects. 

SAMUEL GLASSTONE 


BERKELEY, CALIFORNIA 


AN OUTLINE OF THE CHEMISTRY OF THE CARBOHYDRATES. Ed. 
F. Degering, Professor of Chemistry, Purdue University, 
Lafayette, Indiana. Planographed by John S. Swift Co., 
Inc., Cincinnati, Ohio, 1943. viii + 474 pp. 13.5 X 23.5 
em. $6.00. 

The outline is an up-to-date textbook for graduate students on 
the chemistry of carbohydrates with the emphasis on the struc- 
tures and proofs of structure of the sugars. More of the econom- 
ics of the subject is included than might be expected in a chem- 
istry text and an historical account of the progress in the struc- 
tural chemistry of the carbohydrates is given. The 1640 refer- 
ences in the 17 chapters bring the subjects of absolute configura- 
tion, photosynthesis, stereoisomers, etc., up to the minute. The 
Degering method of writing an equation gets more information 
into one line than many authors get in a paragraph. In some 
cases he gives laboratory directions for carrying out the reactions. 
The book is sectioned into five divisions: general introduction, 
terminology, preparation, physical properties, and chemical 
properties. A chapter on identification of the carbohydrates is 
included. 

As related in year-by-year fashion (this style of writing history 
is now reserved for diaries!) the historical setting is as dull as a 
timetable. In the reviewer’s opinion, most graduates will not 
be able to read Degering’s first chapter entitled, ‘‘Some Historical 
Highlights,’’ without knowing the nomenclature and some of the 
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chemical properties of the carbohydrates. The general intro 
duction (a misnomer) includes the treatise on the structure and 
stereoisomerism of the sugars. For these reasons it is hoped that 
the author will revise the order of presentation when the book is 
printed. The reviewer suggests that the proof of structures and 
the historical part be put in after the student knows the chemistry 
involved. The story of Emil Fischer’s work, for example, can be 
made romantic and inspirational at that time. 

Professor Degering uses the shotgun method of presenting evi- 
dence for structures and allows the reader to evaluate it. Where 
a teacher may give the proper emphasis no particular harm will 
be done by this method but the independent research worker will 
turn to such works as the three chapters in Gilman’s ‘‘Organic 
Chemistry’? on carbohydrates where the evidence has already 
been sifted and more discrimination used in searching the litera- 
ture. 

The 38 tentative rules of the Committee on Carbohydrate 
Nomenclature as interpreted by Degering are given in the divi- 
sion.on terminology. After deploring the fact that there are 11 
methods in the literature of designating configurations and rota- 
tions of molecules the author adopts the most popular one and 
then immediately proposes a new convention for showing per- 
spective ring structures in the carbohydrates. His new proposal 
has no advantages over the system used in Gilman’s ‘‘Organic 
Chemistry,’’ which is already generally accepted by American 
sugarchemists. It has the disadvantage of being clumsy in show- 
ing polysaccharide structures. 

The monotony of the planographed page is broken by a number 
of pictures showing various stages in the commercial processing 
of carbohydrates. 

In general, the content of the ‘‘Outline’’ is good but the arrange- 
ment of material is questionable 

LEALLYN B. CLAPP 


BROWN UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


PHYSICAL BIOCHEMISTRY. Henry B. Bull, Associate Professor of 
Physiological Chemistry, Medical School of Northwestern 
University. John Wiley and Sons, Inc., New York, 19438 
iv + 347 pp. 94 figs. 45tables. 15 KX 22cm. $3.75. 

The author modestly describes his work as an outgrowth of a 
series of lectures which he has given to graduate students in bio- 
chemistry, physiology, and neurology, with medical students 
also in attendance. ‘‘Piquant development” is more fitting than 
“outgrowth” as a descriptive term, for the style of writing is 
powerfully clear. It compels attention, and stimulates con- 
structive thought. 

A knowledge of elementary calculus is assumed on the part of 
the readers of this volume, because formulas and equations are 
displayed with rapidity and abandon. However, references to 
the literature are given for the derivation of these exact relation- 
ships, as well as for the amplification of many topics. Such a 
technique is involved in the author’s type of experimental ap- 
proach to theoretical aspects of physical chemistry. This 
handling of the mathematics should stimulate a thorough re- 
freshing process in readers who enjoy algebra and calculus. On 
the other hand, will it discourage students who dislike ‘‘math’’? 
Your reviewer believes not, because the tables and graphs which 
accompany and elucidate the equations are so clearly set up. 
The explanations are encouragingly helpful and the biological 
applications are fascinatingly described. The author seems to 
be a master of educational tact. Whereas a few students may 
be disappointed that there are no mathematical problems or 
exercises to be worked, the majority will probably give joyous 
sighs of relief, and in this mood then learn much more from their 
reading of the text than otherwise. 

The material is carefully selected to fit the requirements of an 
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outline course, and does not pretend to be complete. Old funda- 
mentals are well integrated with newer developments, as a few 
chapter headings will indicate: ‘‘Atoms and Molecules,” “Acids 
and Bases,’ ‘Diffusion,’ ‘‘Electrostatics and Dielectrics,’ 
‘‘Electrokinetics,’’ ‘‘The Ultracentrifuge,’’ ‘‘Membranes and 
Cell Penetration,’’ and ‘‘Colloidal Structures.’’ The author is 
careful to point out the limitations of the applications of theo- 
retical concepts to living systems without any tone of disparage- 
ment or frustration. As previously hinted, the tables, graphs, 
and figures are splendidly made, and the whole format is clear 
and surprisingly attractive for a book in this field with no photo- 
graphic illustrations. The publishers have thus triumphed in 
good measure over the adversities inherent in the War Produc- 
tion Board’s recommendations for the conservation of materials. 
The few errors as yet detected are merely orthographic and non- 
mathematical; e. g., ‘‘misicible’’ on page 329. 

Davip LYMAN DAVIDSON 


MIDDLESEX UNIVERSITY 
WALTHAM, MASSACHUSETTS 


Volume 
v + 461 


OrGanic Reactions. Roger Adams, Editor-in-Chief. 
II. John Wiley and Sons, Inc., New York, 1944. 
pp. 15.5 X 23.5cm. $4.50. 


The reviewer is torn between elation because this series has 
progressed to assured continuance and chagrin that he, in justice 
to the student, will have to recommend other foreign-language 
training than the reading of Houben, ‘“‘Die Methoden.” This 
modern work will displace the older technical handbooks. 

Ten chapters comprise this second volume: ‘‘The Claisen Re- 
arrangement,”’ by Tarbell; ‘‘Preparation of Aliphatic Fluorine 
Compounds,” by Henne; ‘The Cannizzaro Reaction,” by 
Geissman; ‘‘Formation of Cyclic Ketones by Intramolecular 
Acylation,”’ by Johnson; ‘‘Reduction with Aluminum Alkoxides,”’ 
by Wilds; ‘‘Preparation of Unsymmetrical Biaryls by the Diazo 
Reaction and the Nitrosoacetylamine Reaction,” by Bachmann 
and Hoffmann; ‘Replacement of the Aromatic Primary Amino 
Group by Hydrogen,” by Kornblum; ‘Periodic Acid Oxidation,” 
by Jackson; ‘Resolution of Alcohols,’’ by Ingersoll; and 
‘Preparation of Aromatic Arsonic and Arsinic Acids,’’ by Hamil- 
ton and Morgan. 

The reviewer has examined most carefully those chapters dis- 
cussing reactions with which he is well acquainted; specific com- 
ment does not imply that these chapters are inferior, but only 
that the editors’ plea for improvement suggestions can best be 
met in this way. 

It is obvious that a work of this type must strictly be authori- 
tative, complete, and reliable. It is surprising, therefore, that 
no mention is made in chapter five on alkoxide reductions con- 
cerning the allotropism of aluminum ethoxide [CHILD anp 
Apxins, J. Am. Chem. Soc., 45, 3013 (1923)]. The insolubility 
of the beta form makes it much less amenable to use than the 
alpha form; nevertheless the stock Eastman Chemical in 1938 
was found by this laboratory to be beta. 

The subject matter of ‘‘Organic Syntheses” adjusts itself con- 
veniently to a method of checking which, no doubt, accounts for 
its unusual reliability. The reliable completeness of ‘Organic 
Reactions’’ cannot be assured by such a check. Perhaps it can 
be approached by requesting chapter review from those chemists 
whose names appear most frequently in the chapter indexes. 

Since this series will be useful as a teaching tool, one wonders 
whether controversy might establish a policy regarding consistent 
methods of presentation. The reviewer proposes the question 
of reaction names. 

The excellent chapter eight on periodic acid oxidation records 
its discovery by Malaprade in 1928. Although this reaction is 
more completely novel than most organic techniques introduced 
over the past 30 years, no attempt has been made to call this the 
Malaprade Reaction. 

On the other hand the preparations of arsonic and arsinic acids 
in chapter 10 are elaborately classified as Bart, Bechamp, and 
Rosenmund reactions. One who has carried out these syntheses 
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realizes quickly that they are simple modifications of old pro- 
cedures. Perhaps the space devoted to the history of each dis- 
covery could better have been used to describe the filtration prob- 
lem one encounters during arsonic and arsinic acid syntheses, in 
order to direct that fortunate operator who has a Sharples centri- 
fuge toward use of this instrument and away from the ordinary 
Biichner funnel. 

This criticism is not directed at the author, but toward all of 
us organic chemists who tend to carry the familiarities of the 
laboratory into the formal literature. The use of named reac- 
tions does not aid in the classification of chemical change which 
we need for teaching of organic chemistry, although sometimes 
it has been unavoidable in cases where diversity and vagary 
necessitate general classifications such as Friedel-Crafts and Grig- 
nard types. It may be predicted that the necessity for these 
classifications will pass eventually. 

Furthermore the novice who looks to ‘‘Organic Reactions” 
for guidance should realize, in the opinion of the reviewer, that 
the propriety of honoring a chemist by naming a reaction for him 
has progressively decreased as the professional man becomes 
more dependent on accumulated published researches, and on 
the societies which protect and foster the profession. The 
graduate beginner should find ample inspiration and incentive in 
‘Organic Reactions”’ other than that of personal aggrandizement. 

GEORGE F. WRIGHT 


UNIVERSITY OF TORONTO 
TORONTO, CANADA 


Puysrco-CHEMICAL MeEtuops. Joseph Reilly, Professor of 
Chemistry, University College, Cork, and William Norman 
Rae, Professor of Chemistry and Physics, Royal College of 
Surgeons in Ireland. Fourth edition. D. Van Nostrand 
Company, Inc., New York, 1948. Volume I, ix + 610 pp. 
Volume II, vii + 585 pp. Illustrated. 15.5 X 22.5 cm. 
$17.50 per set. 


The publication of a fourth edition of this book in such a rela- 
tively short time, with a lapse of only three years since the issue 
of the third edition, indicates that it has been in considerable 
demand. The authors state that no drastic changes have been 
made in the present edition, but the more elementary descriptive 
material, which is available elsewhere, has been omitted, and the 
space utilized for the inclusion of more recent advances. It is 
stated in the preface that numerous additions have been made 
and that many sections have been revised. However, some of 
the new material has apparently been added without repaging, for 
there are frequent insertions, such as 322.1, 322.2, . . ., 322.5, 
The first volume of the work is subtitled ‘‘Measurement and 
Manipulation” and the second, ‘‘Practical Measurements.” It 
is planned to issue a third volume dealing with ‘‘molecular prop- 
erties, gas analysis, micro-methods, and other cognate subjects.” 

Some years ago, when reviewing the first edition of this book 
for another journal, the present writer suggested that a compre- 
hensive treatise, such as is being aimed at by the authors, should 
be written by a group of specialists rather than by one or two 
men. Although this procedure has been adopted to some extent, 
there is still considerable scope for its extension. 

In looking through the two volumes of this work, and particu- 
larly in connection with the fields with which he is most famil- 
iar, the writer is left with the uneasy feeling of something lacking. 
This is partly due to the inclusion of material that is obsolete, 
obsolescent, or elementary, while more recent developments are 
restricted to bare mention or to footnote references. A particu- 
lar case in point is Chapter XI, Section 1, in Volume II, dealing 
with Transference Numbers. Nevertheless, it must be admitted 
that there is no text in the English language that covers the same 
ground as does that under review, and that it fills, at least par- 
tially, a gap in the literature of physical chemistry is shown by 
the fact that it is in continuous demand. 

SAMUEL GLASSTONE 


BERKELEY, CALIFORNIA 
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Annual Index—Journal of Chemical Edueation 


VOLUME 21, 1944 


The annual index for Volume 21 of the JouRNAL oF CHEMICAL EpUCATION is divided into two parts— 
an Author Index and a Subject Index, each alphabetically arranged. Letters (Ar), (B), and (C) have 


been used after the various items to designate, respectively: 


article, book review, and correspondence. 


The sections Out of the Editor’s Basket and What’s Been Going On are not indexed as to subject material, 
but contributors to these sections have been listed separately at the end of the Author Index. 


ADAMS, ROGER, Editor-in-chief, with an 
editorial board of four, and nine associate 


editors. Organic reactions. Volume I. 
PPP GUNNER CID ie 6.6.6 o 0cck nce. s G00 08 eee 
Editor-in-Chief. Organic reactions. 
Volume II (B). waceiere ns 
ADDINALL, C.R. The Vitamins. ’ ‘Their in- 


dustrial development and importance 
as strategic materials (Ar)............ 
ALEXANDER, JEROME (C). re yer 
ALEXANDER, Mary, Nancy “Corstn, "AND 
Gustav EcLorr. Scholastic training 
for a career in chemical literature re- 
MONON ONEE o6. kc ween cscee he we hie os 
ANDERSON, STELF -—See MURPHY, WALTER 


ANDREWS, RAYMOND R.—See Buick, Davip 


ANHORN, VICTOR J.—See Wet, H. B. 
ANTONOFF, GEORGE. On unimolecular re- 
TY Sara a an lela eat eee 
On unimolecular reactions (C).......... 
poe eee 
ARMBRUSTER, LLoyp A.—See KERCHEVAL, 
JAMES. 
ARREGUINE, Victor (Edited by RALPH E. 
OESsPER). Enrique Herrero Ducloux 


ASHFORD, THEODORE A. The college chem- 
ay test in the Armed Forces Institute 


BABOR, JOSEPH A. A periodic table 
based on atomic number and electron 
emmmrntee (BM). «oo c nds vcccsscess 

—AND A. LEHRMAN. 
ERE Pe 

—AND J. W. MAcaLPINE. How to solve 
problems in qualitative analysis (B).. 

—anpD GARRETT W. THIESSEN. How to 
solve problems in physical chemistry 

BAILAR, JOHN C., Jr. The oxidation states 
ee na a as mapas wae ee 

BALDWIN, FairH. What America means to 
ES ack e' 6.00 06 'a'e dha sane 608 ae a 

Beck, Lewis W.— See SHORB, LuRA, 

BRENTON, CLIFFORD. Viny] ester resins..... 

—— EuGENE W. Chemical shorthand 

Buick, Davip J. AND RAyMoOND R. AN- 
DREwS. A study of the achievement 
in general chemistry in the A. S. T. 
MISCO 6 oso ce 6:4 « <0 onesies ae. 

Bootu, HaAro_tp Simmons. Western Re- 
serve University’s new technical sales 
NS DES OTOL ETO OE SE 

Bootu, HAROLD SiImMons—See DAMERELL, 
VIVIAN RICHARD. 

—AND VIVIAN R. DAMERELL. Quantitative 
analysis. Second edition (B)......... 

BorEK, ERNEST—See HARROW, BENJAMIN. 

er MILLARD W. Film Reviews 

Baasetann’, R. B. The standardization 
of volumetric solutions. Second edi- 
MEE ciaitcsgs xadv.ke nest ane eet hs 

Briscoge, HERMAN T.—See CALDWELL, WIL- 
LIAM 

Brower, Nancy. Copper from Chile (Ar). . 

Brown, HERBERT C.—See CUTTER, HAR- 
OLD B. 

Brown, O. L. I. anp C. E. SUNDERLIN. A 
dynamic brake for semimicro centri- 
PIE CO A sls:0t cid hepa peuinge oe te: 

Browne, C. A. Alexander von Humboldt 
in some of his relations to chemistry 


(Ar 
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Inorganic chemistry, Systematic. Don 
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Laboratories, explosives, A manual for. 
Supplement number two. G. D. Cuirt, 
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Laboratory, Organic chemistry forthe. C. 
W. PORTER AND T. W. STEWART....... 
Laboratory experiments in _ biological 
chemistry. JAMES B. SUMNER AND G. 


Laboratory manual of biochemistry. 
BENJAMIN Harrow, GILBERT C. 
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BOREK, AND ABRAHAM MAZUR......... 

Laboratory manual of explosive chemis- 
try. ALLEN L. OLSEN AND JOHN W. 
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Laboratory manual of plastics and syn- 
thetic resins, A. G. F. D’ALELIO..... 

Laboratory manual of spot tests. FRITZ 
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Laboratory practice of organic chemistry. 
G. Ross ROBERTSON. hat. 

Magnetochemistry. Pierce W. SEL- 
woop. 
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Manual, Laboratory, of biochemistry. 
BENJAMIN Harrow, GILBERT C. 
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substances, a descriptive list. G. D. 
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North America, Potash in. ae W. ‘Tur- 
Ms 6 Weniae cakes eWeLets wed 
Oils and fats, _ Vegetable. GrorcE S. 
PR aoe bcs eh 0 eres 





tr 





Organic analysis, quantitative, Semi- 
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Organic chemistry, Electronic interpreta- 
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Organic chemistry, Laboratory practice 
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matic compounds of. Volume three of 
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Organic reactions. Volume II. ROGER 
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tion. JOSEPH REILLY AND WILLIAM 
PRGUISAN TERE. cansccesccadnsceens 

Physics, Electronic. L. GRANT HECTOR, 
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Quantitative analysis. E UGENE W. KAN 
ee 

Quantitative analysis. ” Second ‘edition 
HAROLD S. BOOTH AND VIVIAN R. 
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Quantitative inorganic analysis, Textbook 
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Solutions, electrolytic, The physical 
chemistry of. HERBERT S. HARNED 
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Solutions, volumetric, The standardiza- 
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Emit DREHER. Translated by MARION 
Fee Sr i 
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of. Morris D. ScHOENGOLD, Editor. 
Systematic inorganic chemistry (of the 
fifth and sixth group of nonmetallic 
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Test tube, Out of the. Harry N. 


Tests, spot, Laboratory manual of. Fritz 
FEIGL. Translated by Ratpy E. 
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vad ccs eendesebencsesenees 
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Capitalists, chemists, and Communists. 
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Carbon and hydrogen detection, Simple ap- 
paratus for. LeRoy D. JOHNSON...... 
Carbon dioxide problem in neutralization 
titrations, The. R.K. MCALPINE. 
Career in chemical literature research, 
Scholastic training for a. Mary 
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Carnot cycle, The second law and the. W. 
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Centrifuges, semimicro, A dynamic brake 
for. O. L. I. BRown anv C. E. Sun- 
AA eee Re eee os 

Chart, review, An electrical, for students be- 
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Chart based on atomic numbers showing 
the electronic structure of the elements, 
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Chemical advertising. THEODORE Mar- 
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Chemical education, division and journal 
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training for a career in. MARY ALEX- 
ANDER, Nancy CORBIN, AND GUSTAV 
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Chemicals, heavy, The distribution of. 
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Chemistry, general, in the A. S. T. Program, 

study of the achievement in. 
Davip J. BLicK AND RAYMOND R. 
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practice in: Quality of questions. B. 
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Chemistry, high-school, Emerging problems 
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chart for students beginning. G. 
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Chemistry, organic, Generalized acids and 


bases in: I. Catalytic condensation of 
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Chemistry, physical, An experiment in 
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RICHARD WISTAR AND LypIA NELSON. . 
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Chemistry, secondary-school, 
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— Institute. THEODORE A. ASH- 
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Chemists, Experience and postwar training 
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Chlorination of representative hydrocar- 
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Haroitp B. CuTTER AND HERBERT C. 
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Chlorination procedures ‘for the elementary 
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tion of war gases. PAUL F.FENTON.... 
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Chromatographic adsorption. ERNEST L. 
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Glassroom, A demonstration for the; Hy- 
drogenation. JAMES W. KERCHEVAL 
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frigeration. Eart F. SHUMAKER....... 
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Cleveland, Ohio, A. A. A. S. meeting, Pre- 
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CLIFFORD HENDRICKS...........++005 

College chemistry test in the Armed Forces 
= The. THEODORE A. ASH- 
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Comparison of the semimicro and macro 
methods in the teaching of elementary 
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Component systems, two, The solid-liquid 
phase equilibria of. WALTER 
LucassE, RoBERT P. Koos, anpD JOHN 
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Compounds, organic, Searching the litera- 
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Reaction kinetics and colorimetry, An ex- 
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RICHARD WISTAR AND LypIA NELSON... 


Reactions, Photochemical; Spot reaction 
experiments, Part VIII. Fritz FEIGL. 
Translated by Ratpu E. OESPER....... 


Reactions, redox, Iso- and inner-molecular; 
Spot reaction experiments, Part VI. 
Fritz Feici. Translated by RALPH 


By SII oo. « 0:00.05 9.0:0:9:0 09 4:5 40 .0.00:6 
Reactions, The direct, of solids. F. FE1ci, 
L. I. Mrranpa, AND H. A. SuTER. 
Translated by RALPH E, OESPER....... 
Reactions, unimolecular, On. GEORGE 
Bs bwkccces cc necansaccenséss 


Reagent for ammonium ion in elementary 
qualitative analysis, Alizarin as a. 
ERIE MINION, 6s 00 osae ccd seccases 

Recent chemical patents. WrtiraM S. HILL 


JOURNAL OF CHEMICAL EDUCATION 


59 


321 


326 


158 


246 


493 


47 


294 
347 
479 

94 


479 


294 


18 
420 


460 


67, 109, 176, 228, 289, 377, 461, 557, 595 


Recent. trends, Some, in the United States 
patent system. Wrtvtam S. HILL. 
Red phosphorus, Anton von Schrétter, the 

discoverer of —See Frontispieces. 
Red phosphorus, The discovery of (1847) 


by Anton von Schrétter (1802-1875). 
Moritz Koun. Translated by RALPH 
Be RS 5455006 secs ahadasniann cs 


Redox reactions, Iso- and inner-molecular; 
Spot reaction experiments, Part VI. 
Fritz Feici. Translated by Ravpu E. 
JiR GPa oh RR pe) a ta 


354 


Reduced pressure, Continuous dialysis un- 


der. Gr1LBert C. H. STONE.......... 440 
Reduction of ferric oxide to iron, The. JANE 
CO RE RR a TALE 46 
Refrigeration: A demonstration for the 
classroom. EARL F. SHUMAKER...... 195 
Relations to chemistry, Alexander von 
Humboldt in some of his. A. 
PIER osx ois. gi a porto aca torah Mak eit ase 211 
Relationship (solubility-solubility product) 
of metallic sulfides, Influence of sulfide 
ion hydrolysis on the. PizRRE VAN 
RyYSSELBERGHE AND ARMIN H. GRopP. 96 
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